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Introduction: As a cornerstone of China’s modernization strategy, rural revitalization 
(RR) plays a critical role in addressing regional imbalances and promoting inclusive 
development. This study explores how high-quality development (HQD), a strategic 
priority aimed at sustainable and efficient growth, impacts RR, with a focus on the 
mediating role of rural e-commerce (RE).

Methods: Using Chinese provincial panel data from 2011 to 2021, this study 
applies a panel quantile regression model to capture the nonlinear relationship 
between HQD, RE, and RR. This approach allows us to examine heterogeneous 
effects across different levels of RR development and identify threshold effects 
where applicable.

Results: First, HQD exhibits an inverted U-shaped relationship with RR, peaking 
at the 50th quantile of the RR distribution. Beyond a threshold HQD index value 
of 0.795, the effect becomes negative, suggesting that excessive development 
intensity may undermine rural progress. Second, RE significantly enhances 
RR only in regions with medium-to-high RR levels, indicating that enabling 
conditions such as infrastructure and market access are prerequisites for 
e-commerce to drive rural transformation. Third, the threshold effect of HQD 
is primarily observed in eastern China, the Yangtze River Economic Belt, and 
economically developed regions, revealing notable heterogeneity.

Discussion: These findings highlight the importance of context-specific policy 
design in promoting sustainable rural development. The nonlinear impact of HQD 
suggests that overly aggressive development strategies may be counterproductive, 
particularly in less-developed rural areas. Moreover, the conditional role of RE 
underscores the need for targeted investments to build foundational capacities 
before e-commerce can effectively contribute to rural revitalization. The regional 
disparities identified call for differentiated governance approaches that align with 
local economic structures and developmental stages. Overall, this study provides 
an evidence-based framework to guide more effective and regionally tailored rural 
development policies under China’s broader high-quality development agenda.
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1 Introduction

From the perspective of social development, the rapid expansion of cities and the relative 
decline of the countryside under the combined effect of urbanization and industrialization is a 
worldwide problem (Li et al., 2019; Xu et al., 2020). This trend was observed in developed countries 
such as the U.S. and Japan in the 20th century. In the second half of the 20th century, China saw a 
rapid increase in the urbanization process. This has led to an overall widening of the urban–rural 
gap for more than 50 years so far, as manifested in economic level, industrial development, labor 
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force gap, infrastructure, etc. (Jiang C. et al., 2022; Jiang S. et al., 2022; 
Young, 2013). Therefore, in order to cope with this worldwide problem, 
the Communist Party of China (CPC) proposed the rural revitalization 
(RR) strategy in the 19th National Congress Report based on China’s 
national conditions. This strategy aims to address China’s agriculture, 
rural areas, and farmers, which is about people’s livelihood. In 2024, the 
Government of China (GOC) stated that “To promote Chinese-style 
modernization, we  must persistently strengthen the foundation of 
agriculture and promote the comprehensive revitalization of the 
countryside.” The change from RR to comprehensive RR marks China’s 
further attention to rural issues.

Since China’s 19th National Congress report proposed RR, the issue 
of the countryside has been a top priority for China’s social development. 
At the same time, it is also the crux of the current contradictions of 
unbalanced and inadequate development in China. In the past, China’s 
development was centered on cities, and during the wave of socialist 
urbanization in China in the past few decades, the factors of production 
in the countryside rapidly gathered in the cities, and the countryside itself 
suffers from weak industries, outflow of population, polluted living 
environment, broken cultural heritage and cultural inheritance broken 
generation. Nowadays, the relationship between urban and rural areas has 
been re-adjusted, and urban–rural integrated development becomes the 
main direction, but even though the national development policy has 
evolved from urban tilting to urban–rural integration, the development 
gap between urban and rural areas still exists. The traditional workshop-
type, small-scaled and primitive productivity of the countryside is unable 
to satisfy the requirements of rural development, and the revitalization of 
the countryside is still a very arduous and burdensome task in the process 
of China’s modernization.

When GOC first put forward the theory of high-quality 
development (HQD), research on HQD has begun to rise and has 
quickly led to extensive discussions in the academic world. To improve 
the quality of social development, China has shifted from pursuing 
rapid economic growth to pursuing high-quality development (Pan 
et al., 2021). In China, the cultivation of HQD is the key to high-
quality development, and HQD is “an advanced productivity quality 
that plays a leading role in innovation, breaks away from the 
traditional mode of economic growth and path of productivity 
development, and is characterized by high technology, high efficiency, 
and high quality, and is in line with the new development concept” 
(Jinping, 2024). The modernization of China’s agriculture and rural 
areas implies high-quality development of agriculture, and the 
development of HQD has greatly contributed to the high-quality 
development of agriculture, which is characterized by regional 
heterogeneity (Lin et al., 2024). The further development of rural 
economy facilitates the construction of digital villages, which cannot 
be built without networked, informatized and digitized production 
and governance, in other words, technology, manpower, and 
institutions are the key elements in building digital villages in China 
(Liu et  al., 2023). From the perspective that HQD promotes the 
increase of farmers’ income, internet access to villages has increased 
rural household income as a way to improve the quality of family 
members’ diets and to increase the daily nutritional intake of the 
human body (Cui et al., 2024), not only that, but also, with the rapid 
development of informational and digitization, the digital financial 
services have changed the existing financial services in villages, and at 
the same time, they also increase the mobility of rural household 
income (Yang et al., 2024), and prosperity of the digital economy helps 
to release the pressure of carbon emission reduction in rural areas, 

which is crucial for cultivating green agriculture (Jin et al., 2024). 
Therefore, cultivating HQD is the main direction of RR.

Comprehensively, Previous studies have shown that HQD can 
stimulate new dynamics, new industries, and new models to drive the 
digital transformation of the agricultural industry and promote the 
development of e-commerce in rural tourism (Zheng, 2022), as well 
as can utilize the platform to broaden the sales channels of existing 
agricultural products and grow the rural agricultural economy with 
exponential growth. At present, the main labor force of e-commerce 
is in the city, not in the countryside, and e-commerce has great 
potential for development in the countryside, for residents living in 
rural areas, rural e-commerce (RE) can directly or indirectly promote 
local economic development, thus helping farmers improve their 
living standards (Hou and Liu, 2024), RE for farmers to increase the 
flexible employment positions and income (Liu et al., 2022), and in 
the level of development of logistics facilities Higher conditions, RE 
on the villagers’ income impact mechanism is greater (Li and He, 
2024). RE and residents’ subjective well-being is positively correlated 
(Wei et al., 2024), the degree of compatibility between RE and RR 
generally shows an upward trend (Feng and Zhang, 2022).

In view of the above, this article takes RE industry as an 
intermediary, and explores the influence mechanism of HQD on RR 
by constructing an evaluation system of HQD. RE can be used as a 
bridge connecting the HQD and RR, and has made remarkable 
achievements so far. In 2014, RE was officially written into China’s 
national policy, and since then, China has begun to optimize the 
construction of network infrastructure and logistics facilities in rural 
areas in order to develop RE. In 2022, the projects of Digital 
Commerce for Rural Development and Express into Villages was 
officially implemented, China’s RR industry flourished, and by the end 
of 2022, the full coverage of 5G networks had been realized in all 
counties, thus breaking the first digital divide that is, the digital access 
gulf, laying a good basic premise for RR. According to the 52nd 
Statistical Report on China’s Internet Development, in the first half of 
2023, online retail sales in rural areas amounted to 1.12 trillion yuan, 
a year-on-year increase of 12.5%. It can be seen that RE has an obvious 
positive role in promoting the upgrading and transformation of RE 
enterprises, shortening the urban–rural economic gap, and promoting 
farmers’ earning and consumption. Therefore, this paper takes RE as 
a mediator to study the mediating effect of HQD on RR.

The above analysis shows that there is an imbalance of 
development in the Chinese countryside itself, which may lead to 
heterogeneous effects of the development of HQD among different 
regions, therefore, our study will address the following questions: to 
what extent does the development of HQD promote RR? What are the 
theoretical reasons for this promotion? How does RE play a 
moderating role? How big is the role? Is there regional heterogeneity 
in this catalyst? In this regard, this paper provides an in-depth study 
of these questions.

As far as existing scholars’ studies on the influencing factors of RR are 
concerned, digitalization has gained widespread attention as a crucial 
means to promote RR in the dual context of Chinese-style modernization 
and digitalization (Zhang Q. et al., 2023; Zhang Z. et al., 2023), in which 
the popularization of digital technology and digital finance is a key step 
of digitalization to promote agriculture (Jiang C. et al., 2022; Jiang S. et al., 
2022; Wang et al., 2023). Meanwhile, rural tourism is seen as one of the 
few viable options for stimulating economic development in remote areas 
(Briedenhann and Wickens, 2004). In addition, some studies suggest that 
green and sustainable development is an indispensable part of RR (Wang, 

https://doi.org/10.3389/fsufs.2025.1599629
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


You et al. 10.3389/fsufs.2025.1599629

Frontiers in Sustainable Food Systems 03 frontiersin.org

2023). However, the existing studies do not take a comprehensive 
perspective. HQD (technological productivity, digital productivity, green 
productivity) is a crucial factor affecting RR, which not only integrates 
many sub-indicators, but also serves as an important engine for China 
high-quality rural development.

The contribution points of this paper are as follows. First, 
innovative topic selection. This study integrates HQD and RR research 
and makes an important contribution to the relationship between the 
two. Given that the development of HQD can promote industrial 
innovation and development in China, so the study of the effect of 
HQD on RR is an important issue with great realistic meaning. 
However, research on this topic is currently very scarce, and most of 
it discusses HQD by placing it together with industries such as 
agriculture and finance. Therefore, this study fills the gap of existing 
research and also provides research content to enrich the theory of 
HQD. Second, innovative research methodology. Unlike most studies 
using the traditional linear framework, this study uses panel quantile 
regression to discover the non-linear relationship between HQD and 
RR, and the results show that developing HQD has a positive effect on 
RR before the threshold but suppresses RR when it reaches a certain 
threshold. It is well known that RR refers to the revitalization of the 
five aspects of industry, talent, culture, ecology, and organization, but 
when the number of Taobao villages expands without limit and the 
financial support of the countryside is too strong, the countryside may 
also be  overloaded, environmental pollution, talent shortage, etc. 
Therefore, it is necessary to analyze the mechanism of the threshold 
effect of HQD on RR, which has obvious practical significance for the 
policy formulation and implementation of RR. Finally, the mediating 
effect is added. In previous HQD studies, RE has not been used as a 
mediator to study the effect of HQD on RR. Since the construction of 
digital infrastructure, such as mobile internet coverage, information 
and communication technology applications and the implementation 
of e-commerce platforms, can effectively promote digital transactions 
in rural areas, thus deeply modernizing the rural economy and 
promoting rural development (Huang et  al., 2022), this paper 
introduces RE as a mediator that can provide a more profound 
understanding of how HQD affects RR and how it affects rural 
development. Finally, this paper also investigates the regional 
heterogeneity of HQD on RR, providing more targeted suggestions for 
the improvement of HQD. All of the above can provide valid 
information and complement the literature on rural research.

In a word, Section 1 of this paper focuses on how the development of 
HQD is significant for RR, driven by the Chinese-style modernization 
process. Section 2 provides an overview of the research theme and 
presents three hypotheses to be tested. Section 3 introduces the current 
affairs strategy. Section 4 describes the data sources. Section 5 presents the 
details of the empirical results. Section 6 draws conclusions and makes 
policy recommendations in response to the empirical results.

2 Literature review and hypothesis 
development

As far as the available literature is concerned, there is no linking 
of HQD and RR for the time being, but scholars have noted that 
cultivating HQD produces the following effects, which are necessary 
to promote RR.

First, technological effects. Innovation is the core of enhancing 
technological efficiency, China’s modernization cannot be separated 

from the modernization of the countryside, and the establishment of 
a rural innovation system is the key to improving rural innovation 
capacity and promoting sustainable rural development (Yin et al., 
2022). Among them, some scholars have pointed out that China’s 
manufacturing and service industries are prominent, but there is an 
overall shortage of agricultural innovation (Long et al., 2016; Yin et al., 
2022; Chen et al., 2024), and insufficient investment in agricultural 
technology, which is only one-tenth of that of Israel (Liu and Li, 2017). 
Theoretically, new growth theory believes that innovation is the 
fundamental driving force for sustainable economic development, and 
RR is inseparable from the transfer of the original intensive labor force 
and the upgrading of traditional industries (Forrester, 1981; Sahlberg 
and Oldroyd, 2010; Chen et al., 2022).

Second, the green effect. The development of green productivity 
is somewhat homogeneous with the ecological revitalization among 
the five major revitalizations of the countryside. The ecological 
revitalization of China’s countryside is based on President Xi’s 
development concept that “lucid water and lush mountains are 
invaluable assets” (Huang et al., 2024). In the past, China’s urbanization 
development has often been at the expense of the rural ecological 
environment, including energy consumption, industrial water 
consumption and emissions, exhaust emissions, etc., and the economic 
benefits have outweighed the ecological benefits (Zhao et al., 2020; 
Ren et al., 2023), which has had a negative impact on the upgrading 
of agriculture in the rural areas, which is manifested in a certain 
correlation and spatial diffusion (Liu et al., 2013; He et al., 2019). 
Many scholars consider agriculture and the countryside as a whole 
when studying green development in the countryside, however, these 
are two different fields, and in the current literature on the correlation 
between green development and economic growth, most scholars aim 
at cities, so it is inaccurate to simply apply the conclusions to 
agriculture and the countryside (Wilson, 2001).

Third, the digital effect. Many scholars in existing studies have 
paid attention to the fact that digitalization can empower an industry 
(Tim et al., 2021; Jin et al., 2024), region (Philip and Williams, 2019) 
or group (Hilbert, 2011), and studied the correlation between 
digitalization and them. Some scholars concern that the development 
of digital infrastructure and digital finance is conducive to RR and will 
have a positive effect in the process of rural industrial upgrading and 
marketization (Bi, 2024). Digital change is conducive to the 
dissemination and exchange of information, and improving rural 
digital infrastructure construction is the cornerstone of rural cultural 
exchange (Liu et  al., 2023), economic development, and social 
governance (Wang et al., 2023). After bridging the first digital divide 
between rural and urban areas, the tools that allow residents in rural 
areas to have equitable access to digital usage is the second divide in 
the digital era, and widespread digital access has a positive correlation 
with economic development (Liu et al., 2022). Based on the above 
discussion, Hypothesis 1 is proposed.

Hypothesis 1: HQD can promote RR.

At a time when the study of HQD is beginning to come into the 
public eye, it is very necessary to explore whether there are non-linear 
effects. On the basis of the relatively slow development of the countryside, 
the improvement of scientific and technological innovation, business 
models, talent allocation and other elements significantly contributed to 
the revitalization of the countryside, providing the countryside with the 
possibility of achieving a digital revolution. The role of HQD on RR is 
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mainly reflected in the following three aspects. First, the promotion effect 
of HQD on agricultural quality development is most obvious in the 
improvement of agricultural production efficiency. Second, fostering 
HQD implies developing green productivity, Liu et al. (2021) focus on 
agricultural innovation as conducive to rural ecological revitalization. 
Qayyum et al. (2023) argue that innovating green agricultural technology 
can effectively improve agricultural productivity while promoting energy 
conservation and emission reduction. Finally, HQD is closely linked to 
digital penetration, Zhang Q. et al. (2023) and Zhang Z. et al. (2023) 
construct an indicator system of digital economy and urban–rural 
development integration, and according to the empirical results, the 
spread of the digital economy is a necessary way to shorten the gap 
between rural and urban areas.

However, it is undeniable that the unfavorable impact of HQD on 
the existence of RR in the early stage of development can be elaborated 
through three aspects: technological innovation, digital development 
and capital introduction. In terms of technological innovation, due to 
the siphoning effect of the city, technical talents in rural areas tend to 
flow to the city, which leads to the introduction of pure technology can 
no give full play to the effect, and the countryside lacks the relevant 
technical infrastructure; in terms of digital development, digital 
transformation not only requires demanding hardware facilities, but 
also requires soft facilities like localized talents. The promotion of 
transformation policies is hindered by the generally low media literacy 
of rural residents; in terms of capital introduction, capital introduction 
is often oriented by the rate of return, and it is tough to raise capital in 
rural areas, and the initial investment cost of capital is too high, and 
even if there is capital introduction, due to the fact that the countryside 
is a talent depression, the subsequent operation of the project is also 
difficult. Based on this, we propose Hypothesis 2.

Hypothesis 2: HQD has a non-linear effect on RR.

The “new” of the HQD means innovative development, and the 
“quality” means high-quality development, which is mainly 
characterized by innovative production, which implies the upgrading 
of industries and the iteration of organizational forms (Zhong and 
Chen, 2023). The RE economy is distinguished from the traditional 
smallholder economy and is an economic product in the digital age. 
The improvement of HQD implies the upgrading and innovation of 
new industries in the countryside, which contributes to the growth of 
the digital economy. While advancing the industrial change in the 
countryside, the digital economy also restructures the employment 
structure in the countryside and expands the income channels of 
farmers, transforming from the previous agricultural income to 
non-farm income. Tang et al. (2024) argues that RE has a greater role 
in boosting the rural households with older heads, low-income levels, 
and low education levels, or, in other words, RE plays a more 
significant role in boosting the income of extremely poor rural 
families. Therefore, Hypothesis 3 is proposed.

Hypothesis 3: RE shows a moderating effect on the relationship 
between HQD and RR.

3 Methodology

According to previous studies, HQD plays a vital role in driving 
RR and the relationship between the two is strongly influenced by 

RE. In order to verify this relationship, this study applies the fixed 
effect model, which is currently popular in econometrics, to 
quantitatively analyze the test. In addition, from the above, it is known 
that HQD has a non-linear effect on RR, so this study explores this 
asymmetric relationship between HQD and RR by adding HQD 
primary and secondary terms. And in order to investigate this effect 
of HQD on RR more deeply at different RR quartiles, this study used 
the panel quantile method for this heterogeneity analysis. Moreover, 
this study also explores whether RE has an effect on the relationship 
between HQD and RR in a statistically significant way.

The initial state of the RR function (considering HQD) is 
as follows:

 ( )=, , ,,i t i t i tRR HQD CV  (1)

Next, considering that individuals and time may adversely affect 
the regression to produce errors, this paper adds individuals and time 
to the above Equation 1 as follows:

 α α ε= + +∑ +∑ +, 1 , 2 , ,i t i t i t i t i tRR HQD CV id Year  (2)

In Equation 2, i denotes the individual, t  is time, ,i tHQD  denotes 
the independent variable (new quality productivity), ,i tRR  is the 
dependent variable, ,i tCV  represents the control variable, and ε ,i t  is 
the random error term.

However, the above model is only able to analyze the linear statistical 
effects of variables, in other words, the variables are calculated on the basis 
of the “mean,” which leaves a hidden problem of the effects of variables 
under different conditional distributions of the dependent variable. In 
order to solve this problem, Koenker and Hallock (2001) created the 
quantile regression method in 2001, which was designed to investigate the 
influence of the dependent variable under different conditions and the 
related variables, the method investigated the asymmetric effect of the 
independent variables on the dependent variable (Sun et  al., 2022). 
However, scholars have found that the method cannot capture anomalous 
conditions such as extreme values in the dataset (Yang et al., 2022; Awan 
et al., 2022).

To address the above problems so as to adapt the analysis method 
to panel data, Machado and Silva (2019) proposed the moment 
quartiles method, which is sufficiently set up in a specific way among 
individual variables and is able to analyze the specific patterns and the 
effect of heterogeneity of quartile points of different dependent 
variables. Moreover, the model skillfully addresses the endogeneity 
issue of academic interest. In conclusion, the method efficiently taps 
into the many conditions among variable individuals and can identify 
the heterogeneous effects of AI on RR under different RR quantile 
points more quickly and effectively (Yang et al., 2022). Therefore, this 
study applied the model to carry out regression analysis with the 
following initial model:

 ( )β α γ θ′ ′= + + +it i it i it ity x Q R
 

(3)

Where, ity  represents the dependent variable, ′
itx  represents the 

i.i.d variable, β,α,γ,θ are the measurement parameters, and 
( )γ θ′+i it itQ R  represents the random vector of unobservable 
individuals and is always orthogonal to the initial X created by 
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researchers Machado and Silva (2019). Moreover, i =1.n, represents 
the individual effects and Q is the x-part k vector (Wolde-Rufael and 
Mulat-Weldemeskel, 2022).

Referring to Ike et  al. (2020), the above equation is 
further optimized:

 ( ) ( )( ) ( )ω β γ ω α θ ω′ ′= + + +|y it i i it itM x m x Q m  (4)

In Equation 4, ( )ω|y itM x  is the different conditional distribution 
states of the dependent variable, and ( )( ) ( )β γ ω α θ ω′ ′+ + +i i it itm x Q m  
represents the vector coefficients. The remainder is identical to 
Equation 3.

The following equation adds the variables from this study 
as follows:

 ( )ω β β ω ∂= + 1| ,
itRR k i it i itM x HQD  (5)

In Equation 5, the letters have the same meaning as above.

4 Data description

This paper collects rural panel data from 30 provinces in China 
from 2011–2021 for benchmark regression analysis. The dependent 
variable of this paper is RR, its evaluation system refers to Wang and Bai 
(2022), as shown in Table A1, and is calculated using the entropy weight 
method. The RR index is derived from the composite index of five 
sub-indicators using the entropy weight method: prosperous industry, 
affluent life, ecological livability, civilized rural culture and effective 
governance, which are the general requirements for implementing the 
RR strategy proposed in the report of the 19th Party Congress, as shown 
in Table 1. The relevant data used in this article come from China Rural 
Statistical Yearbook, China Statistical Yearbook and China Land and 
Resources Yearbook. This comprehensive index effectively measures RR 
and ensures the characteristics of quantifiable, sensitive, operable and 
sustainable, which play a crucial role in the research of this paper.

The main explanatory variable of this paper is HQD, which is a 
composite index of three sub-indices measured using the entropy 
weight method: technological productivity, green productivity, and 
digital productivity, as shown in Table A2. This index is mainly used 

to assess the development level of HQD and has been applied to many 
related studies, and scholar Lu et al. (2024) constructed an evaluation 
system for HQD using innovation, green and digital as the main 
measurement indicator. The moderating variable in this paper is rural 
digital e-commerce, which has a significant impact on RR. And, based 
on existing research, the choice of control variables in this paper 
includes rural industrial aggregation, R&D investment, rural financial 
support, and industrial optimization (Cao et  al., 2022). These 
indicators are mainly from EPS data platform, CSMAR database, 
China Energy Statistical Yearbook, China Rural Statistical Yearbook, 
and Provincial Statistical Yearbook. Specific indicators are shown in 
Table 1. In addition, descriptive statistics for all variables are presented 
in Table 2.

5 Empirical analysis

5.1 Model testing

On the one hand, before studying the impact of HQD on RR, it is 
necessary to conduct basic tests on the research data. In this paper, 
two methods are used: unit root test and Variance Inflation Factor 
(VIF) test. Table 3 reports the results of the unit root test, which shows 
that all variables pass the significant test, indicating that the variables 
selected are stable and can be used in the following empirical analysis. 
On the other hand, the correlation coefficient matrix test and VIF test 
are conducted in this paper, the results are shown in Table 4, which 
shows that the coefficients of the variables are moderately correlated 
and there is no multicollinearity among them.

5.2 Analysis of benchmark results

Immediately after the above tests, this paper examines the impact 
of HQD on RR using fixed-effects regression, as shown in Table 5, and 
the results in columns (1)–(5) indicate that HQD has a significant 
positive impact on RR, and it is significant at the 1% statistical level, 
consistent with Hypothesis 1. HQD is an important engine for 
promoting China’s modernization and development. Since Chinese 
government first proposed HQD, there has been a steady stream of 
theoretical and practical studies on HQD to promote China’s industrial 
upgrading. Some studies have also clearly proposed that HQD can 
accelerate the transformation and upgrading of rural industries 

TABLE 1 Variables definitions.

Types Variables Definition Symbol

Dependent variable Rural revitalization Calculated by entropy weight method RR

Independent variable High quality development Calculated by entropy weight method HQD

Mechanism variable Rural e-commerce Number of Taobao villages RE

Control variables

Agricultural industrial agglomeration Based on locational entropy method AI

Research and development R&D investment RD

Agricultural financial support
Expenditure on agriculture, forestry, animal husbandry, 

and fishery (% of total government expenditure)
AF

Industrial optimization
Output of the tertiary sector/Output of the secondary 

sector
IO

https://doi.org/10.3389/fsufs.2025.1599629
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


You et al. 10.3389/fsufs.2025.1599629

Frontiers in Sustainable Food Systems 06 frontiersin.org

through technological productivity, green productivity, and digital 
productivity, thus empowering the comprehensive revitalization of 
the countryside.

5.3 Robustness test

Next, in order to verify the accuracy of the results of the 
benchmark regression, this paper lags the core independent variable 
of HQD in the benchmark regression for the lag test, as in column (6) 
of Table 5, and it can be found that the results are still significant, 
which indicates that HQD still has a significant positive impact on RR, 
and suggests that the above results are robust and reliable. This study 
also introduces a broader set of control variables into the model for 
the purpose of robustness testing. Specifically, OP represents the 
logarithm of the total population at year-end in each region; UR 

denotes the urbanization rate, measured as the ratio of urban 
population to total population; and IC reflects the level of information 
and communication technology development in each region, 
approximated by the logarithm of the number of broadband 
subscriptions. The results are reported in column (7) of Table 5, which 
show that HQD remains significantly positive at the 1% significance 
level, further confirming the robustness of the main findings. In 
addition, in order to avoid endogeneity problems arising from causal 
inversion, omitted variables and measurement errors, this paper uses 
the lagged one period of HQD as an instrumental variable to conduct 
the robustness test, and the results, as shown in Table 6, can be found 
that the two-stage regression coefficients are still significantly positive 
and pass the weak instrumental variables and correlation test, which 
indicates that the above results are robust.

5.4 Non-linear analysis

The above empirical analysis is based on the linear regression 
method to study the impact of HQD on RR, but through the analysis 
and discussion of the theoretical part of the study, it can be seen that 
HQD may also have a non-linear impact on RR, for this reason, 
we divided the study sample into the sample greater than the RR 
median and the sample less than or equal to the RR median, as shown 
in columns (1)–(2) of Table 7, it can be found that, among the samples 
greater than the RR median, the coefficient of HQD is significantly 
positive at the 1% statistical level, whereas in the sample smaller than 
or equal to the RR, there is no absence of such an effect, suggesting 
that HQD may have different effects on RR at different levels.

TABLE 4 Correlation coefficient matrix.

Variables RR HQD RE AI RD AF IO

RR 1

HQD 0.631*** 1

RE −0.236*** −0.211*** 1

AI 0.475*** 0.191*** −0.029 1

RD 0.750*** 0.638*** −0.252*** 0.762*** 1

AF 0.498*** 0.737*** −0.391*** 0.067 0.561*** 1

IO −0.069 −0.213*** −0.176*** 0.549*** 0.266*** −0.200*** 1

***p < 0.01.

TABLE 2 Descriptive statistics.

Variable Mean Min Max SD N

RR 0.185 0.060 0.839 0.111 330

HQD 0.197 0.027 0.877 0.175 330

RE 1.092 0.012 7.472 1.791 330

AI 1.210 0.036 3.299 0.643 330

RD 14.704 11.159 17.385 1.334 330

AF 11.24 3.044 20.380 3.254 330

IO 1.253 0.527 5.244 0.703 330

TABLE 3 Unit root check and VIF test.

Variable LLC Fisher VIF

Adjusted t* p-value Inverse chi-squared p-value

RR −8.891*** 0.000 159.172*** 0.000 ----

HQD −5.647*** 0.000 79.305** 0.048 3.16

RE −3.443*** 0.000 109.153*** 0.000 1.37

AI −5.084*** 0.000 327.273*** 0.000 5.70

RD −10.147*** 0.000 74.756* 0.095 8.28

AF −13.240*** 0.000 108.115*** 0.000 3.21

IO −6.309*** 0.000 138.524*** 0.000 1.88

*p < 0.1, **p < 0.05, and ***p < 0.01.
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In order to further analyze whether there is a non-linear effect of 
HQD on RR, this paper further adds the quadratic term of HQD into 
the regression model, and the results are presented in column (3) of 
Table 7, which clearly reveals that there exists a significant inverted 
U-shaped non-linear relationship between HQD and RR (threshold 
index = 0.795), supporting Hypothesis 2. In a word, HQD is a 
potential determinant of RR and generally contributes to the further 
development of RR, but when HQD development level reaches the 
threshold, its impact on RR shows a negative correlation. This 
threshold is analytically derived from the estimated equation 
y = 1.603x − 1.008x2 (the first-order coefficient of HQD in column (3) 
of Table 7 is 1.603, and the second-order coefficient is −1.008), where 
the peak value is calculated as x = b/2a = 1.603/(2 × 1.008) ≈ 0.795. It 
does exhibit a critical turning point where the marginal effect of HQD 
on RR shifts from positive to negative. At lower levels of high-quality 
development, improvements in education, innovation capacity, 

infrastructure, and governance efficiency contribute positively to rural 
revitalization by enhancing productivity and public service delivery. 
However, beyond a certain threshold, continued increases in HQD 
may lead to imbalanced development, such as urban–rural disparities, 
mismatched labor markets, or over-concentration of resources in core 
regions, which could undermine broader rural cohesion and 
sustainable development. These insights have been incorporated into 
this section to provide a more comprehensive understanding of the 
relationship between HQD and RR.

5.5 Panel quantile regression results

In order to verify the above results, Tables 8, 9 give the 
corresponding parameter estimates under different quartiles of the 
RR distribution. The regression coefficients of the core independent 
variable HQD in this paper are significantly positive for the overall 
quantile at the statistical level of 5%, but reach the maximum value 
at the 50th quantile and then show a decreasing trend. This suggests 
that an increase in the development level of HQD significantly 
contributes to RR, and the two show a non-linear relationship. In 
other words, the table shows that the promotion of HQD on RR 
reaches its strongest effect when RR is at a medium level, while the 
effect of HQD on RR is relatively weak at a low or high level of 
RR. By comparing with previous studies (Liu et al., 2020; Song and 
Jia, 2024), these regression results differ from those of the previous 
benchmark model. Although they all reveal that the development 
of HQD can reduce RR, the inter quartile regression results show 
that the strength of this effect presents itself differently when RR is 
at different levels; this, to some extent, helps policymakers and the 
government to aim at a reasonable level of RR development to 
boost HQD.

In order to further analyze the non-linear effect of HQD on RR, 
this paper puts the quadratic term of HQD into the panel quantile 
regression model, and the results are presented in Table 9, where it 

TABLE 5 Benchmark regression results.

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

HQD 0.595*** (7.01) 0.588*** (7.27) 0.574*** (7.31) 0.372*** (3.47) 0.347*** (3.21) 0.421*** (5.81)

HQD(−1) 0.287** (2.44)

AI 0.051*** (5.48) 0.024** (2.21) 0.034*** (2.96) 0.037*** (3.22) 0.040*** (3.32) 0.062*** (5.97)

RD 0.071*** (4.38) 0.084*** (5.02) 0.082*** (4.93) 0.075*** (4.27) 0.096** (2.21)

AF 0.538*** (2.71) 0.617*** (3.04) 0.541** (2.43) 0.478*** (5.63)

IO 0.316* (1.67) 0.114 (0.55) 0.542** (2.03)

PO −0.052** (−2.19)

UR 0.763 (1.25)

IC 0.085*** (3.59)

  _cons 0.090*** (6.79) 0.364*** (4.35) 1.113*** (5.88) 1.074*** (5.71) 0.900*** (4.20) 0.960*** (4.21) 0.876*** (7.65)

  µi
Yes Yes Yes Yes Yes Yes Yes

  µt
Yes Yes Yes Yes Yes Yes Yes

N 330 330 330 330 330 300 330

R2 0.293 0.360 0.400 0.415 0.421 0.388 0.542

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 6 Endogeneity tests.

Explanatory variables IV-2SLS

First stage Second stage

HQD RR

HQD (−1)_IV 1.049*** (5.42)

HQD 0.257*** (2.75)

Control variables Yes Yes

  iµ Yes Yes

tµ Yes Yes

N 300 300

Kleibergen-Paap rk LM statistic 295.188 <0.000>

Cragg-Donald Wald F 121.38 [8.96]

Hansen J statistic 0.000

t statistics are in parentheses. ***p < 0.01.

https://doi.org/10.3389/fsufs.2025.1599629
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


You et al. 10.3389/fsufs.2025.1599629

Frontiers in Sustainable Food Systems 08 frontiersin.org

can be found that HQD has an inverted U-shaped non-linear effect 
on RR only when RR is at a medium-to-high level (the threshold 
effect), whereas it does not have such an effect when RR is at a low 
level. In order to ensure the robustness and reliability of the results, 
the paper re-runs the regression analysis using a lagged period of the 

core explanatory variable HQD, add control variables as well as 
micro-processing the data, and the results are presented in 
Tables 10–12, respectively, and it can be found that the results are 
still in line with the above results, which also proves the robustness 
of the above results.

TABLE 7 Non-linear and moderating effect.

Dependent 
variable

(1) (2) (3) (4)

>RR median ≦RR median RR Moderating effect

HQD 0.581*** (6.55) 0.247 (1.43) 1.603*** (6.02) 0.250** (2.28)

AI 0.002 (0.41) 0.004 (0.06) 0.022* (1.91) 0.025** (2.11)

RD 0.016** (2.35) 0.192*** (3.77) 0.078*** (4.88) 0.082*** (4.99)

AF 0.578*** (5.51) 0.870** (2.38) 0.510** (2.60) 0.668*** (3.34)

IO 0.023 (0.29) 1.355*** (3.20) 0.341* (1.87) 0.303 (1.63)

HQD2 −1.008*** (−5.12)

RE 0.002*** (2.32)

RE*HQD 0.011*** (3.75)

_cons 0.439*** (5.48) 1.383* (1.87) 0.896*** (4.36) 0.702*** (3.32)

  µi
Yes Yes Yes Yes

  µt
Yes Yes Yes Yes

N 238 92 330 330

R2 0.635 0.758 0.470 0.449

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 8 Panel quantile regression results.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD 0.319** (2.26) 0.323*** (3.10) 0.325*** (4.57) 0.319*** (3.66) 0.310*** (2.68)

AI 0.060** (1.99) 0.055** (2.48) 0.048*** (3.13) 0.041** (2.12) 0.036 (1.36)

RD 0.069** (2.05) 0.066*** (2.68) 0.062*** (3.64) 0.059*** (2.70) 0.056* (1.87)

AF 0.760** (2.31) 0.721*** (2.97) 0.665*** (3.97) 0.612*** (2.88) 0.573** (1.96)

IO 0.592 (1.42) 0.553* (1.79) 0.495** (2.33) 0.439 (1.63) 0.399 (1.07)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 9 Panel quantile regression results.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD 0.819* (1.68) 0.959*** (2.70) 1.153*** (4.69) 0.842*** (4.46) 0.678*** (3.58)

HQD2 −0.514 (−1.32) −0.622** (−2.19) −0.772*** (−3.94) −0.918*** (−3.83) −1.023*** (−3.10)

AI 0.056* (1.78) 0.050** (2.14) 0.040** (2.52) 0.031 (1.59) 0.025 (0.92)

RD 0.066** (2.01) 0.062** (2.56) 0.055*** (3.33) 0.049** (2.40) 0.045 (1.59)

AF 0.883** (2.34) 0.873*** (3.17) 0.860*** (4.55) 0.848*** (3.64) 0.839*** (2.62)

IO 0.722* (1.66) 0.680** (2.14) 0.623*** (2.85) 0.567** (2.11) 0.527 (1.42)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.
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5.6 Heterogeneity analysis

China is a country with a vast geography and abundant land-
forms, based on the degree of development of HQD in different 
regions, there are obvious differences in the development level of 
RR in different regions. In order to further explore whether there 
is regional heterogeneity in the non-linear impact of HQD on RR, 
this paper first divides the study sample into northeast, central, 
east and west for regression analysis. From Table  13, it is 
concluded that HQD has a significant positive effect on RR in 

both eastern and western China, with significant levels of 1% and 
5%, respectively, but when the level of HQD development reaches 
the threshold, HQD in the eastern region shows a significant 
negative effect, which indicates that there is a non-linear inverted 
U-shaped relationship between HQD and RR in the eastern 
region, whereas there is no such threshold effect in the 
northeastern, central, and western regions. Not only that, the 
central and northeastern regions have insignificant effects of 
HQD on RR, and the above results indicate that there is regional 
heterogeneity in the effects of HQD on RR.

TABLE 11 Robust test: micro-processing.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD-2 0.787** (2.10) 0.817*** (2.85) 0.867*** (4.43) 0.817*** (3.70) 0.751*** (2.79)

(HQD-2)2 −0.447 (−1.50) −0.451** (−1.98) −0.457*** (−2.94) −0.463** (−2.35) −0.467* (−1.73)

AI 0.054* (1.80) 0.049** (2.15) 0.042*** (2.65) 0.034* (1.70) 0.028 (1.04)

RD 0.063* (1.94) 0.063** (2.51) 0.061*** (3.61) 0.060*** (2.79) 0.059** (2.00)

AF 0.852** (2.45) 0.840*** (3.16) 0.819*** (4.53) 0.798*** (3.48) 0.784** (2.48)

IO 0.703* (1.67) 0.664** (2.06) 0.598*** (2.73) 0.531* (1.91) 0.486 (1.27)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 12 Robust test: add control variables.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD 0.044* (1.88) 0.122*** (6.86) 0.183*** (12.07) 0.216*** (13.56) 0.214*** (11.78)

(HQD)2 −0.691 (−0.22) −0.647** (−2.13) −0.582*** (−3.14) −0.524*** (−3.30) −0.485*** (−9.17)

AI 0.981*** (3.03) 0.805*** (3.94) 0.616*** (4.51) 0.504*** (5.09) 0.835*** (3.89)

RD 0.489*** (8.16) 0.452*** (9.87) 0.392*** (10.00) 0.422*** (10.27) 0.366*** (7.83)

AF 0.041*** (8.75) 0.048*** (3.36) 0.045*** (4.81) 0.036*** (5.18) 0.021*** (5.77)

IO 0.570*** (8.07) 0.385** (2.35) 0.312*** (5.84) 0.254*** (3.26) 0.109*** (4.37)

PO −0.123* (−1.87) −0.159*** (−3.15) −0.063 (−1.47) −0.011 (−0.24) −0.010 (−0.19)

UR 0.020 (1.14) 0.003 (0.26) 0.002 (0.17) 0.031*** (2.61) 0.057*** (4.26)

IC 0.778 (1.27) 0.690 (1.06) 0.532*** (3.29) 0.501*** (2.91) 0.466*** (2.81)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 10 Robust test: the core explanatory variable lags by one period.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD(−1) 0.873* (1.67) 0.947** (2.44) 1.046*** (3.73) 0.770*** (3.14) 0.733** (2.55)

(HQD(−1))2 −0.570 (−1.32) −0.647** (−2.02) −0.749*** (−3.23) −0.877*** (−2.85) −0.942** (−2.36)

AI 0.053 (1.62) 0.049** (2.06) 0.045*** (2.62) 0.040* (1.74) 0.038 (1.26)

RD 0.054 (1.53) 0.055** (2.10) 0.056*** (2.96) 0.057** (2.28) 0.058* (1.77)

AF 0.784** (1.98) 0.805*** (2.74) 0.833*** (3.93) 0.869*** (3.08) 0.887** (2.42)

IO 0.604 (1.35) 0.538 (1.63) 0.451* (1.89) 0.341 (1.08) 0.286 (0.69)

N 300 300 300 300 300

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.
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Meanwhile, the Yangtze River basin in China covers 18.8% of 
the national territory and spans the three major economic zones 
of eastern, central, and western China, so the heterogeneity 
between the Yangtze River basin and the non-Yangtze River basin 
regions has to be considered in exploring China’s RR, as shown 
in Table 14. In the Yangtze River basin region, the quadratic term 
of HQD versus HQD is statistically significant for RR only when 
RR is at a medium-high level. Inverted U-shaped relationship is 
meaningful only when RR is at a medium-high level, which 
indicates that there is a non-linear inflection point between HQD 
and RR, but in the non-Yangtze River Basin region HQD does not 
have a significant effect on RR and there is no such 
non-linear relationship.

To explore the important role of economic development levels in 
the impact of HQD on RR, this study divides the sample into two 
groups based on the median value of per capita GDP: economically 

developed region (those with per capita GDP equal to or above the 
median) and underdeveloped region (those below the median). This 
classification allows for a more nuanced understanding of the 
applicability and effectiveness of HQD under different economic 
conditions. As shown in Table 15, the empirical results indicate that 
the promoting effect of HQD on RR is statistically significant only in 
more economically developed region, while such an effect remains 
insignificant in underdeveloped region. The underlying explanation 
for this phenomenon may lie in the fact that economically developed 
regions possess the prerequisite conditions necessary for HQD to take 
effect. These include well-developed infrastructure, efficient logistics 
and information networks, which support the implementation of 
digital economy initiatives and new business models in rural areas. 
Additionally, these regions benefit from abundant human capital and 
a skilled labor force capable of understanding, adopting, and 
innovating with new technologies and practices. A mature market 

TABLE 13 Regional heterogeneity.

Regions Variable ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

Northeast

HQD −1.693 (−1.02) −1.129 (−1.05) −0.726 (−0.70) 0.072 (0.04) 0.707 (0.25)

(HQD)2 3.213 (0.71) 1.965 (0.68) 1.072 (0.38) −0.696 (−0.87) −2.103 (−0.27)

Control Yes Yes Yes Yes Yes

N 33 33 33 33 33

Central

HQD
−0.372 0.372 1.305 2.287 3.030

(−0.05) (0.07) (0.42) (1.07) (0.91)

(HQD)2
5.648 3.535 0.882 −1.909 −4.022

(0.31) (0.27) (0.12) (−0.36) (−0.49)

Control Yes Yes Yes Yes Yes

N 66 66 66 66 66

East

HQD 0.714 (1.46) 0.851** (2.25) 1.026*** (3.34) 0.909*** (3.07) 0.841*** (2.41)

(HQD)2 −0.447 (−1.14) −0.545* (−1.80) −0.671*** (−2.73) −0.874** (−2.56) −1.041** (−2.03)

Control Yes Yes Yes Yes Yes

N 110 110 110 110 110

West

HQD 1.570 (1.60) 1.537** (2.06) 1.484** (2.25) 1.412 (1.25) 1.377 (0.94)

(HQD)2 −2.001 (−0.93) −1.982 (−1.21) −1.951 (−1.35) −1.909 (−0.77) −1.888 (−0.59)

Control Yes Yes Yes Yes Yes

N 121 121 121 121 121

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 14 Watershed heterogeneity.

Watershed Variable ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

Yangtze river region

HQD 0.532 (1.53) 0.887** (1.98) 0.908*** (2.68) 0.737*** (2.97) 0.688* (1.91)

HQD2 −0.676 (−1.31) −0.631* (−1.92) −0.654*** (−3.63) −0.783** (−1.97) −0.835* (−1.81)

Control Yes Yes Yes Yes Yes

N 132 132 132 132 132

Non-Yangtze River 

region

HQD 0.066 (0.06) 0.197 (0.22) 0.418 (0.67) 0.690 (0.82) 0.846 (0.75)

HQD2 1.405 (0.79) 1.301 (0.94) 1.125 (1.15) 0.909 (0.69) 0.785 (0.44)

Control Yes Yes Yes Yes Yes

N 198 198 198 198 198

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.
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system, characterized by active capital flows and well-established 
industrial chains, also provides external support for rural industrial 
upgrading. In contrast, underdeveloped region may face challenges 
related to limited absorptive capacity due to the lack of these 
foundational elements. Even when advanced factors associated with 
HQD are introduced, they may fail to integrate effectively with the 
weak local industrial base, resulting in muted policy outcomes. The 
finding highlights that directly replicating HQD strategies from 
developed regions may not be  feasible for less developed areas. 
Instead, policy priorities should first focus on improving the basic 
development environment and crossing critical development 
thresholds. Only after these foundational conditions are met should 
higher-level development factors be gradually introduced to effectively 
promote RR.

5.7 Moderating effect analysis

Under the leadership of China’s national policy and market 
economy system, China’s e-commerce is booming, and RE is also 
flourishing (Fang and Fang, 2022). Advanced technology, friendly 
political and business environments, and healthy internet 
infrastructure are all prerequisites for the development of RE (Tan and 
Ouyang, 2004). In 2024, the document focusing on China’s “Three 
Rural Areas” is released, which points out that the implementation of 
the high-quality development of RE project to promote the 
construction of county e-commerce live base, the development of the 

rural specialties network sales. Therefore, the development of RE has 
a significant positive effect on the development of HQD.

In order to verify this effect, this paper incorporates the 
interaction term between HQD and RE into the model, and the 
results are shown in column (4) of Table 7, which reveals that RE is 
able to positively promote RR by affecting HQD, which fits with 
Hypothesis 3. RE mediates this relationship, increasing RR by 
1–1.5% in medium-high RR regions (p < 0.05) but showing no 
significant impact in low-RR areas. In order to further analyze 
whether this promotion has a heterogeneous effect, this paper also 
incorporates the interaction term between HQD and RE into the 
panel quantile regression model, and the results, as shown in 
Table 16, show that the estimated parameter of the interaction term, 
HQD*RE, is significantly positive starting from the 50th quantile, 
with a statistical significance level of 1%. This indicates that digital 
e-commerce can effectively stimulate the level of rural economic 
development, drive the upgrading of rural industries and promote 
RR only when the RR is at a medium-high level.

5.8 Moderating effect robustness analysis

In order to ensure the reliability and robustness of the above 
results, this paper again uses the HQD lag one period, adds control 
variables and sample data micro-processing treatment to test the 
robustness of the above findings. In the one-period lagged test, as 
shown in Table 17, the significant level is 5% when the quartile is 25 

TABLE 16 Moderating effect: panel quantile regression results.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD 0.249** (2.08) 0.255*** (2.64) 0.259*** (3.70) 0.232*** (2.76) 0.228* (1.96)

HQD*RE 0.009 (1.05) 0.009 (1.21) 0.010*** (3.92) 0.012*** (3.06) 0.015** (2.24)

RE 0.001 (1.16) 0.002 (1.55) 0.011** (2.40) 0.012** (1.96) 0.031*** (4.48)

AI 0.058** (2.09) 0.052** (2.43) 0.042*** (2.81) 0.032* (1.65) 0.025 (0.93)

RD 0.061** (1.98) 0.061** (2.54) 0.061*** (3.65) 0.061*** (2.80) 0.061** (2.02)

AF 0.842*** (2.66) 0.810*** (3.30) 0.751*** (4.40) 0.694*** (3.12) 0.653** (2.13)

IO 0.551 (1.48) 0.531* (1.84) 0.497** (2.48) 0.463* (1.78) 0.439 (1.22)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 15 Economic development heterogeneity.

Economic 
development

Variable ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

Economically developed 

region

HQD 0.651 (1.32) 0.662 (1.53) 0.802*** (3.58) 0.729** (2.25) 0.702*** (3.07)

HQD2 −0.486 (−1.22) −0.503** (−2.42) −0.534*** (−4.08) −0.586*** (−3.60) −0.654*** (−3.82)

Control Yes Yes Yes Yes Yes

N 116 116 116 116 116

Economically 

underdeveloped region

HQD 0.014 (0.92) 0.016 (0.63) 0.011 (0.16) 0.000 (0.19) 0.008 (0.71)

HQD2 0.204 (1.49) 0.232 (1.08) 0.177 (0.62) 0.153 (0.37) 0.122 (0.88)

Control Yes Yes Yes Yes Yes

N 214 214 214 214 214

t statistics are in parentheses. **p < 0.05, ***p < 0.01.
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and 1% when the quartile is 50, which confirms that RE can only affect 
the relationship between HQD and RR when RR is at a medium-high 
level. The robustness check with additional control variables is 
presented in Table 18. It shows that the coefficient of the interaction 
term HQD × RE becomes significantly positive at the 1% significance 
level for quantiles above the 50th percentile, further confirming the 

robustness of the moderating effect. Besides, this paper also performs 
a micro-processing process in Table 19, and the estimated parameter 
of the interaction term HQD*RE is significantly positive from the 50th 
quantile with a statistical level of 1%, which also corroborates the 
above results and indicates that the regression results of the 
moderating effect are robust.

TABLE 19 Robust test: add control variables.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD 0.054** (2.25) 0.132*** (6.86) 0.201*** (12.38) 0.130*** (6.86) 0.112*** (3.35)

HQD*RE 0.004 (1.35) 0.005** (2.20) 0.006*** (3.38) 0.006*** (3.46) 0.007*** (3.09)

RE 0.636*** (9.15) 0.631*** (11.37) 0.572*** (12.22) 0.492*** (10.61) 0.444*** (7.95)

AI 0.042*** (5.23) 0.844*** (6.57) 0.676*** (3.47) 0.673*** (3.58) 0.797*** (4.21)

RD 0.470*** (7.78) 0.455*** (9.43) 0.366*** (9.00) 0.387*** (9.62) 0.360*** (7.43)

AF 0.041*** (8.62) 0.047*** (3.50) 0.045*** (3.99) 0.036*** (3.41) 0.024*** (6.17)

IO 0.561*** (7.64) 0.377*** (3.52) 0.306*** (3.34) 0.253*** (3.26) 0.107*** (4.38)

PO −0.117* (−1.75) −0.173*** (−3.24) −0.053 (−1.18) −0.006 (−0.13) −0.011 (−0.20)

UR 0.020 (1.13) 0.000 (0.00) 0.011 (0.97) 0.035*** (3.02) 0.059*** (4.20)

IC 0.569*** (4.51) 0.627** (2.31) 0.636*** (2.89) 0.697 (1.15) 0.699 (1.05)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 18 Robust test: micro-processing.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD 0.324** (2.49) 0.309*** (3.02) 0.379*** (4.01) 0.251*** (2.81) 0.230* (1.85)

HQD*RE 0.009 (1.08) 0.009 (1.23) 0.010*** (3.96) 0.010*** (3.10) 0.012** (2.24)

RE 0.001 (1.32) 0.001* (1.71) 0.002** (2.57) 0.002** (2.04) 0.001*** (3.49)

AI 0.055** (2.03) 0.050** (2.36) 0.041*** (2.84) 0.033* (1.76) 0.027 (1.03)

RD 0.055* (1.80) 0.057** (2.39) 0.061*** (3.79) 0.066*** (3.14) 0.069** (2.36)

AF 0.808*** (2.64) 0.791*** (3.29) 0.759*** (4.65) 0.729*** (3.47) 0.706** (2.42)

IO 0.573 (1.51) 0.559* (1.87) 0.533*** (2.63) 0.508* (1.95) 0.490 (1.35)

N 330 330 330 330 330

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.

TABLE 17 Robust test: the core explanatory variable lags by one period.

Quantile (1) (2) (3) (4) (5)

Variables ω =0.1 ω =0.25 ω =0.5 ω =0.75 ω =0.9

HQD(−1) 0.229* (1.94) 0.213** (2.31) 0.285*** (2.78) 0.154* (1.69) 0.139 (1.19)

HQD(−1)*RE 0.009 (1.29) 0.009** (2.42) 0.010*** (3.38) 0.011** (2.47) 0.012*** (5.95)

RE 0.001 (0.70) 0.001 (1.11) 0.001** (2.09) 0.001** (1.98) 0.002* (1.72)

AI 0.058** (2.08) 0.055** (2.51) 0.049*** (3.14) 0.043** (2.00) 0.040 (1.46)

RD 0.046 (1.44) 0.049* (1.96) 0.054*** (3.01) 0.060** (2.44) 0.063** (2.01)

AF 0.710** (2.28) 0.701*** (2.87) 0.684*** (3.90) 0.666*** (2.77) 0.656** (2.14)

IO 0.444 (1.16) 0.404 (1.35) 0.332 (1.54) 0.252 (0.85) 0.212 (0.56)

N 300 300 300 300 300

t statistics are in parentheses. *p < 0.1, **p < 0.05, and ***p < 0.01.
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The reason for this conclusion is explained theoretically as follows. 
Lav Leto, a representative of the Italian Marxist school, proposed 
immaterial labor, a theory later refined in Negri’s book, “The Labor of 
Dionysus,” a labor that produces immaterial goods, such as 
relationships, information, interactions, emotional responses or 
knowledge. In the digital age, people’s labor and the information and 
life outside of that labor can be turned into data that can be utilized, for 
example, the user’s lifestyle, consumption habits, and entertainment 
behaviors. Therefore, the form of human labor has transformed from 
material labor to immaterial labor, and users are producing digital 
information through short videos, live broadcasts, and other 
immaterial labor, which will promote RR. In addition, RE flourish for 
the following reasons. First, in the composite context of promoting RR 
strategy and the construction of digital China, e-commerce plays a 
crucial role as the hub connecting the two. Secondly, major e-commerce 
platforms are targeting the rural economy as a strategic deployment in 
the face of relatively weak economic growth in cities. Finally, attracted 
by policies, platform dividends, nostalgia and other conditions, digital 
laborers have been transformed to rural digital laborers, joining the 
rural short video, live streaming and other e-commerce  
industries.

6 Conclusion and policy 
recommendations

6.1 Conclusion

This research offers a nuanced examination of the impact of high-
quality development (HQD) on rural revitalization (RR) in China, 
with a particular focus on the mediating role of rural e-commerce 
(RE). By employing a suite of advanced econometric models, we move 
beyond conventional linear assumptions to provide a more 
sophisticated understanding of this critical relationship, offering 
insights for both theory and policy.

First, the findings challenge the simplistic notion that HQD invariably 
promotes RR. We identify a significant non-linear relationship: while 
HQD initially serves as a potent engine for rural progress, its positive 
effects diminish and eventually turn negative upon reaching a certain 
threshold. This suggests that without careful management, the pursuit of 
high-tech, capital-intensive development could lead to resource 
misallocation, environmental degradation, or exacerbate existing urban–
rural inequalities, thereby hindering rather than helping genuine 
revitalization. This finding is a critical contribution, highlighting the 
importance of defining optimal rather than maximal levels of HQD 
investment in rural contexts.

Second, the study confirms that RE is a key mechanism 
through which HQD influences RR, but its effectiveness is not 
uniform. The mediating effect of RE is statistically significant 
primarily in regions with medium-to-high RR levels of existing 
development. This implies that digital platforms are most 
impactful when built upon a solid foundation of infrastructure 
and human capital. Thus, policy interventions should 
be sequenced, prioritizing foundational investments before scaling 
up digital economic initiatives to avoid widening the digital divide 
within rural areas themselves.

Third, the analysis of regional heterogeneity reveals that the 
identified threshold effect is most pronounced in the economically 

advanced eastern region and the Yangtze River Basin. This spatial 
pattern suggests that different regions are at different points on the 
development curve. Policymakers must therefore adopt a tailored, 
place-based approach, encouraging continued HQD investment in 
less-developed areas while promoting a shift towards more sustainable 
and socially inclusive growth models in regions approaching or 
exceeding the developmental threshold.

In conclusion, this paper deepens the academic discourse by 
providing robust empirical evidence on the complex, non-linear, and 
regionally varied impact of HQD on RR. These findings provide a 
concrete roadmap for crafting more effective and equitable policies to 
navigate China’s ambitious path toward comprehensive 
rural revitalization.

6.2 Policy recommendations

Based on the above conclusions, the following policy 
recommendations can be drawn. First, although cultivating HQD 
promotes RR, it is more pronounced at medium-high RR levels and 
there is a threshold effect. Therefore, the relevant policy makers should 
give full consideration to stimulating the development of RE industry 
through policies in the middle-high RR level areas, establishing live 
streaming e-commerce bases, and cultivating farmers’ independent 
live streaming ability, so as to activate the endogenous nature of the 
countryside, promote the revitalization of the rural industry, 
ecological revitalization, talent revitalization and so on, and raise the 
income of rural residents, and promote the overall revitalization of the 
countryside. At this time, the relevant departments should reasonably 
develop the e-commerce industry, which includes the construction of 
rural network infrastructure, collectivized farming, new media 
operation, cold chain logistics, and after-sales service of agricultural 
products, instead of only paying attention to e-commerce sales or 
blindly expanding farming. In short, for villages where HQD 
development is relatively backward, the government should develop 
RE step by step.

Second, the heterogeneity in the distribution of HQD suggests 
that the development of HQD and policies aimed at promoting RR 
should be  formulated according to the east, west, central, and 
northeast, or adjusted according to the Yangtze River Basin and the 
non-Yangtze River Basin. Given that the impact of developing HQD 
is more pronounced in the East, these regions should strengthen their 
investment in digital infrastructure, innovative firms, industrial 
investment, etc., and the development of the rural digital economy 
facilitates the reorganization of factors within the countryside. For 
example, at the government level, these provinces can establish digital 
village construction standards and provide financial support according 
to local conditions to ensure full coverage of rural broadband access 
and digitalization of rural governance, etc.; at the social level, the 
introduction of enterprises and other social forces to invest in rural 
digital projects through land support, financial support and other 
co-construction, making the production of agricultural products on a 
large scale, sales branding and platforms; at the individual level, 
through the establishment of a special digital economy for the rural 
collectives, and encouraging the participation of each household in 
this special.

Finally, given the mediating effect of RE on the relationship 
between HQD and RR, the government should cultivate 
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e-commerce demonstration counties and develop government-led 
scenario-based RE. The combination of scenarios and e-commerce 
is essentially a consumption upgrade for users, who, in addition 
to the demand for products that generate practical value, also have 
an emotional demand when placing orders, and stimulate the 
memory of the local nature of Chinese grassroots societies 
through the display of rural scenes such as rural landscapes and 
food culture during live streaming. In addition, besides relying on 
imported capital and technology, RR should also strengthen the 
construction of farmers’ subjectivity and cultivate their media 
literacy, so as to provide a constant flow of talents for the 
development of RE.
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