A Mechanism Study and Empirical Analysis of How County Urbanization Development Facilitates Comprehensive Rural Revitalization

Abstract: County-level urbanization is an important driving force connecting urban and rural areas and promoting comprehensive rural revitalization. This study uses panel data from 310 counties in the Yangtze River Delta from 2014 to 2023 to empirically examine the impact and mechanisms of county-level urbanization on comprehensive rural revitalization. The study finds that county-level urbanization significantly promotes comprehensive rural revitalization, with agricultural science and technology levels playing an intermediary role. Heterogeneity analysis shows that in provinces with relatively low levels of urbanization, the promoting effect of county-level urbanization is stronger. Based on this, it is suggested to: strengthen the functions of county-level carriers to promote integrated urban-rural development; promote the equalization of high-quality public services to enhance the comprehensive capacity of county towns; and advance industrial upgrading and regional coordination according to local conditions.
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1. Introduction and Literature Review
1.1 Introduction
Promoting integrated urban-rural development is essential and an inevitable requirement for following the Chinese path to modernization . To this end, it is necessary to systematically plan and coordinate the three major strategies of new industrialization, new-type urbanization, and comprehensive rural revitalization, with a focus on enhancing the level of integration in urban-rural planning, construction, and governance. This will facilitate the equal exchange and two-way flow of production factors between urban and rural areas, effectively narrow the urban-rural development gap, and ultimately achieve shared prosperity between cities and villages. At the institutional and mechanistic level, priority should be given to improving the promotion mechanism for new-type urbanization, unswervingly consolidating and improving the basic rural operation system, continuously optimizing the policy support system for strengthening agriculture, benefiting farmers, and enriching rural areas, and deepening land system reform. It is essential to adhere to prioritizing the development of agriculture and rural areas. Following the general requirements of thriving businesses, pleasant living environments, social civility, effective governance, and prosperous lives, we should establish sound institutional mechanisms and policy systems for integrated urban-rural development and accelerate the modernization of agriculture and rural areas . These arrangements deeply capture the new circumstances and requirements of the new development stage, representing a further deepening and implementation of the comprehensive rural revitalization strategy and constituting an indispensable strategic task in building a modern socialist country in all respects. The evolution in expression from “rural revitalization” to “comprehensive rural revitalization” profoundly reflects the Party Central Committee’s deepening and elevating understanding of issues related to agriculture, rural areas, and farmers, marking that efforts to address these issues have reached a new historical level . In the process of achieving the grand goal of building a great modern socialist country in all respects, the pace of comprehensive rural revitalization is urgent and admits no slackening.
The article elucidates the intrinsic logic by which county-level urbanization drives comprehensive rural revitalization through a series of mechanisms, enriching the theoretical system of coupling and coordination between new-type urbanization and rural revitalization. Secondly, the manuscript provides rigorous empirical evidence, filling the gap in existing literature regarding the quantitative study of the 'bilateral interaction' mechanism at the county level. Finally, this offers a scientific basis for formulating localized urban-rural integration policies and holds important practical guiding significance for promoting coordinated regional development.
1.2 Literature Review
1.2.1 “One-Way Flow” and Widening Gaps since Reform and Opening-Up
This section aims to elaborate on the historical evolution process in post-reform China, where urban-biased policies led to a long-term “one-way flow” of factors from rural to urban areas, resulting in a continuously widening urban-rural development gap. Chen Mingxing et al. (2021), by reviewing classic theories of urban-rural relations at home and abroad and sorting out the stage characteristics of China’s urban-rural evolution, pointed out that the urban-biased urbanization model since reform and opening-up significantly widened the urban-rural development gap. It was not until the introduction of the New-Type Urbanization and Rural Revitalization strategies that urban-rural relations gradually shifted from “one-way flow” to “two-way interaction.” Although numerous subsequent studies—such as Li and Zhang (2023), Zhang et al. (2024), Wang and Zhang (2025)—have deeply explored coupling coordination mechanisms, spatiotemporal evolution characteristics, and driving factors, finding that the eastern region has a higher degree of coupling while the central and western regions still face unbalanced development, most existing literature focuses on recent synergy mechanisms and optimization pathways. Independent empirical studies directly targeting the specific quantitative characteristics of the “one-way flow” and the deep mechanisms of gap widening during the early and middle reform period are relatively scarce in the known literature, relying mainly on the theoretical review and qualitative analysis by Chen Mingxing et al. (2021) to define the features of this historical stage. In summary, existing research has clearly delineated the historical causes of the widening urban-rural gap after reform and opening-up, providing an important theoretical background for understanding the urgency of the current transition from “urban bias” to “urban-rural integration.” However, refined quantitative analysis of the dynamic process of gap widening during that specific historical stage still awaits further exploration.
1.2.2 Theoretical Understanding of “Two-Way Interaction” and “Urban-Rural Integration” in the New Era
This section aims to explain the theoretical evolution and practical understanding of how China’s urban-rural relations have transformed from “urban bias” and “one-way flow” since reform and opening-up to “two-way interaction” and “urban-rural integration” in the new era. Chen Mingxing et al. (2021) reviewed classic theories of urban-rural relations at home and abroad, pointing out that after reform and opening-up, urban-biased urbanization widened the urban-rural gap. Under the dual guidance of the New-Type Urbanization and Rural Revitalization strategies, urban-rural relations have achieved a fundamental shift from “one-way flow” to “two-way interaction” and from “urban bias” to “urban-rural integration.” On this basis, Guo Hailiang (2022), within the context of ecological environment sustainability, constructed a “three-wheel drive” model for rural economic development under the urban-rural integration model. The analysis shows that by breaking down urban-rural barriers and optimizing the flow of production factors, the urban-rural gap has significantly narrowed and the urban-rural integration process has accelerated. Furthermore, Jiang Lujuan and Wang Leilei (2022), taking rural tourism as an example, used the entropy weight method to build an evaluation index system for coordinated development, confirming that New-Type Urbanization is a strong driver of rural revitalization and can effectively promote urban-rural economic and social modernization. Subsequently, Ma Mengyao et al. (2022), taking Zhangjiajie as a case study and combining geographical research methods, explored the coupling relationship between tourism urbanization and rural revitalization. They found that tourism industry agglomeration and ecological environment are key factors affecting the coupling system, further verifying the necessity of urban-rural factor interaction. Qiao Guorong et al. (2023), focusing on the Yellow River Basin, used a coupling coordination degree model and geographic detectors to reveal that urban-rural relations in the region have experienced an evolution from “low coupling” to “high coupling,” and pointed out that despite spatial differences of “high in the east and low in the west,” the overall trend of urban-rural integration is strengthening. Linqing Fang et al. (2023), from the perspective of industrial integration, analyzed panel data from 31 provinces and found that the integration of cultural tourism industries has a positive effect on rural revitalization, with New-Type Urbanization playing a partial mediating role, deepening the understanding of urban-rural interaction mechanisms. Guofu Li and Xiue Zhang (2023), using methods such as the coupling coordination model and geographic detectors, conducted a spatiotemporal dynamic analysis of urban-rural integration in China from 2001 to 2022. They pointed out that driven by core forces such as innovation-driven development and population agglomeration, urban-rural development is shifting from traditional geographical expansion to high-quality integration across ecological, social, and economic dimensions. Entering 2024, Ling Zhang et al. (2024), taking the Sichuan Basin as an example, used an obstacle degree model to diagnose that, although regional differences exist due to topographical and economic factors, the coupling coordination degree between New-Type Urbanization and rural revitalization continues to rise with policy improvements, showing a clear positive development trend. Ruijuan Zhang and Qingfeng Bao (2024) further incorporated the ecological dimension into their analysis, constructing a “rural revitalization – new-type urbanization – ecological environment” ternary coupling system. Their empirical results show that government behavior, economic growth, and digitalization level significantly promote coordinated development and spatial spillover effects in both the region and its neighbors. Xiao Chen et al. (2024), based on the perspective of “comprehensive human development” and using data from the seventh national census, proposed countermeasures for urban-rural synergy with a focus on population agglomeration and talent return, emphasizing the central role of people in urban-rural interaction. Xiao Wang et al. (2025), in the context of territorial spatial planning, assessed the spatiotemporal characteristics of urban-rural coupling from 2014 to 2023, pointing out that resident well-being, social development, and digital innovation are core driving forces, and that regional disparities show a convergent trend. Yan Wang and Ling Wang (2025), focusing on the Yangtze River Economic Belt, found that although there is a lag in New-Type Urbanization, agricultural industry development has the most significant positive impact on coupling development, and urban-rural relations are moving from “moderate imbalance” to “primary coordination.” Yajun Ma et al. (2025) incorporated the digital economy into the urban-rural integration system, finding that although the overall state remains low-quality, indicators such as the coverage breadth of digital finance have become key obstacle factors, and there is an urgent need to strengthen urban-rural synergy through digital construction. Finally, Manrui Lin (2025), through a literature review and a case study of Jiangsu Province, systematically sorted out the development mechanism of organic urban-rural integration, proposing that a regional linkage mechanism should be built and development paths tailored to local conditions in order to address challenges such as uneven infrastructure distribution. In summary, existing research—from theoretical origins, model construction, empirical measurement, to obstacle diagnosis—comprehensively confirms that China’s urban-rural relations in the new era have established a new paradigm of “two-way interaction” and “urban-rural integration.” Future efforts should further strengthen digital empowerment, ecological synergy, and policy precision to promote high-quality integrated urban-rural development.
1.2.3 Research Gaps and Contributions
Although the aforementioned literature provides rich insights into the transformation of urban-rural relations, there are still the following research gaps:
First, the research scale is mainly at the provincial or prefecture-level city level, lacking empirical analysis based on counties as the basic unit. Counties are key hubs connecting urban and rural areas, and their urbanization paths have the most direct radiation effects on surrounding rural areas. However, existing studies rarely specifically examine the independent impact of county-level urbanization on comprehensive rural revitalization.
Second, mechanism testing is relatively weak. Most studies remain at the stage of measuring coupling coordination and temporal-spatial comparison, with insufficient empirical testing on through which specific mediating variables (such as agricultural technology level, industrial integration, governance capacity, etc.) county-level urbanization promotes rural revitalization.
Third, panel data analysis at the county level in the Yangtze River Delta region is scarce. As an economically developed area in eastern China, the Yangtze River Delta has obvious internal gradients in urban-rural development (from Shanghai to Anhui), making it an ideal sample for studying heterogeneity. However, existing literature mostly uses provincial or city-level data and fails to fully explore the heterogeneity information at the county level.
Based on the aforementioned gaps, this paper uses panel data from 310 counties in the Yangtze River Delta region from 2014 to 2023 to empirically test the direct effects of county-level urbanization on comprehensive rural revitalization, the mediating mechanism of agricultural technology levels, and regional heterogeneity from the county scale. The aim is to provide micro-level evidence at the county level for the theory of urban-rural integration and to offer scientific basis for tailored policy-making.
2. Mechanism Analysis
2.1 Direct Effects
The impact of county urbanization on rural revitalization spans multiple dimensions including the economy, society, and ecology, corresponding to the overall requirements of comprehensive rural revitalization, namely “industrial revitalization, cultural revitalization, ecological revitalization, talent revitalization, and organizational revitalization.” Urbanization can inject external momentum into comprehensive rural revitalization through three core mechanisms—optimal allocation of factors, industrial linkage and upgrading, and cultural and governance diffusion—while also stimulating endogenous forces, ultimately moving from “urban‑rural dual separation” toward “integrated development.”
2.1.1 Factor Mobility and Optimal Allocation
According to Lewis’s dual‑economy theory, the traditional agricultural sector has a surplus labor force. Given the limited amount of arable land and the difficulty of achieving breakthroughs with simple production techniques, output can hardly increase beyond a certain point. Consequently, the marginal contribution of each additional worker is nearly zero—that is, the marginal productivity of labor in agriculture approaches zero, sometimes even becoming negative. Such surplus labor is referred to as “zero‑value labor.” The existence of a large amount of “zero‑value labor” keeps developing countries at a low level of economic development for a long time and widens the urban‑rural gap. Urbanization absorbs this surplus labor into secondary and tertiary industries, directly raising the land resource allocation rate and labor productivity of the agricultural workforce. The optimal allocation of land resources has a stable poverty‑reduction effect on rural areas, improving agricultural production efficiency and contributing to rural industrial revitalization. Moreover, county urbanization facilitates capital inflow and financial support. Towns are centers of capital agglomeration. The huge agricultural product consumption market and investment opportunities generated by urbanization attract urban industrial and commercial capital to flow down to rural areas, investing in modern planting and breeding, agricultural product processing, rural tourism, and other fields, bringing much‑needed capital, technology, and management models. The inflow of capital, technology, and management models accelerates rural development to some extent and significantly enhances the impact on comprehensive rural revitalization.
2.1.2 Industrial Structure Transformation and Linkage
County urbanization brings market demand and industrial integration. As the industrial structure within counties gradually optimizes, the development of secondary and tertiary industries such as manufacturing, finance, insurance, and life services creates more jobs, and the economic strength and service sector level of counties improve, thereby enhancing the service capacity, carrying capacity, and radiating capacity of county towns. Driven by county economic development, county towns gradually form growth poles with agglomeration effects, radiating momentum to rural areas through diffusion effects. For example, in agricultural production, urbanization is usually accompanied by a large inflow of rural population into towns, forming a huge, sustained, and ever‑upgrading consumer market for agricultural products. This market demands not only quantity but also quality, diversity, safety, and experience. Such demand forces rural agriculture to shift from a traditional “production‑oriented” approach to a “market‑oriented” one, transitioning from ordinary products to green, organic, specialty, and other high‑value‑added agricultural products, thereby promoting supply‑side structural reform in agriculture. Urbanization promotes the integrated development of primary, secondary, and tertiary industries; rural areas are no longer mere suppliers of primary products. Towns provide the main source market and sales platform for these new rural business formats, enabling rural industries to move from single‑sector agriculture to the “sixth industry,” achieving value multiplication.
2.1.3 Cultural Diffusion and Governance Modernization
As centers of modern civilization, towns radiate their advanced concepts and governance models to rural areas. In the process of urbanization, modern civilizational concepts such as the rule‑of‑law awareness, contract spirit, environmental protection concepts, and innovative thinking gradually permeate rural areas through population mobility and modern media. The advancement of urbanization requires the rural governance system to adapt accordingly. For instance, to adapt to demographic changes (hollowing out and aging), rural areas need to innovate governance models, such as promoting “grid management” and “digital governance.” The advanced cultural concepts and management models of towns can improve rural governance efficiency and service levels, thereby promoting the level of cultural revitalization in rural areas.
2.2 Indirect Effects
County urbanization not only directly promotes rural revitalization but also indirectly facilitates comprehensive rural revitalization by raising the level of agricultural science and technology. As urbanization progresses, a large number of people move from rural to urban areas. These migrants change from agricultural producers to commodity consumers, and their dietary needs shift from “eating enough” to “eating well and eating healthily.” The large urban population creates a stable and enormous demand for green, organic, specialty, and traceable high‑quality agricultural products. Consumers are willing to pay a premium for safe, high‑quality products. Traditional, low‑efficiency agricultural production methods cannot meet this new demand. This market pressure “forces” agricultural producers to apply new technologies to improve quality, safety, and diversity; otherwise, they will be eliminated from the market. Profit margins are the most direct driver of agricultural technology application.
Raising the level of agricultural science and technology will drive comprehensive rural revitalization. In terms of industrial revitalization, agricultural machinery and intelligent equipment greatly improve labor productivity and land output rates while reducing production costs. High‑quality, specialty agricultural products produced through technology have higher market value. At the same time, technology also empowers agricultural product processing, improving processing precision and depth. Agricultural technology supports the “agriculture +” model. For example, smart agricultural parks can simultaneously serve functions such as rural tourism and educational study tours, achieving integrated development of primary, secondary, and tertiary industries—the so‑called “sixth industry.” In terms of ecological revitalization, the application of technologies such as precision fertilization, smart irrigation, and biological control can greatly reduce the application of chemical fertilizers and pesticides, controlling agricultural non‑point source pollution at the source and achieving “green production.” Technology helps achieve efficient water use and soil conservation, improve the rural living environment, support carbon neutrality goals, and build ecologically livable villages. Regarding empowering “talent revitalization” and “organizational revitalization,” the application of agricultural technology gives rise to new professions such as drone pilots, agricultural data analysts, and smart irrigation engineers, attracting high‑quality talent to stay in rural areas. The application of technologies such as smart agriculture platforms and digital management systems also promotes the modernization of rural governance systems, for example by promoting “digital governance” and enhancing the level of “organizational revitalization.”
3. Research Design
3.1 Econometric Model Specification
3.1.1 Baseline Model Specification
To test the first research hypothesis of this paper—namely, the relationship between county urbanization and comprehensive rural revitalization—we construct Model for empirical testing. We further control for year and county fixed effects to prevent time trends and other county‑specific individual characteristics from significantly affecting our regression results. Drawing on previous literature and synthesizing relevant empirical findings, we propose the following baseline panel econometric model:
；（1）
Here, Rur represents the level of comprehensive rural revitalization in county i in year t. Cur denotes the level of urbanization in county i in year t. Controls are other control variables affecting comprehensive rural revitalization, μ is the individual effect, γ represents time, and ε is the random error term.
3.1.2Mediation Model Specification
To further test the mechanism through which county urbanization affects comprehensive rural revitalization, and drawing on the above mechanism analysis, this paper introduces the level of agricultural science and technology as a mediating variable. Based on Equation (1), we construct the following mediation effect model:
;（2）
Where Ast represents the mediating variable, i.e., the level of agricultural science and technology; the other variables have the same meanings as in Equation (1).
3.2 Data Sources and Processing
This paper selects panel data from 310 counties and county‑level cities in the Yangtze River Delta region from 2014 to 2023. The data are sourced from the China Statistical Year book, China Rural Statistical Year book, China County Statistical Yearbook, the EPS database, and the government work reports of the counties and districts. For a small number of missing statistical data, interpolation and mean value methods are used to supplement them.
Table 1: Descriptive Definitions
	Variable abbreviation
	Specific variables
	Meaning of variables

	RUR
	Comprehensive rural revitalization
	Comprehensive rural revitalization development level index

	CUR
	County-level urbanization
	Urban population and total population within the county

	GOV
	Role of government
	Logarithm of fiscal budget expenditure

	CON
	Consumption level
	Logarithm of per capita disposable income

	INF
	Infrastructure construction
	Logarithm of mechanically harvested area

	IS
	Industrial structure
	Share of secondary and tertiary industries in GDP

	IG
	Urban-rural income gap
	Ratio of urban to rural per capita income


3.3 Construction of the Indicator System
The explained variable in this paper is comprehensive rural revitalization (RUR). Promoting comprehensive rural revitalization is an important task in building an agricultural powerhouse in the new era. Human input, material allocation, and financial support must all be directed toward rural revitalization. It is necessary to comprehensively advance the “five revitalizations” – industry, talent, culture, ecology, and organization – through coordinated planning and synergistic implementation, focusing on key areas and addressing weaknesses. Starting from the conceptual connotation of comprehensive rural revitalization and in light of the Opinions of the Central Committee of the Communist Party of China and the State Council on Learning and Applying the Experience of the “Thousand Villages Demonstration, Ten Thousand Villages Renovation” Project to Effectively and Powerfully Promote Comprehensive Rural Revitalization, this paper follows the basic principles of scientificity, completeness, conciseness, systematicity, and operability in indicator construction. Drawing on previous research findings and the specific implementation context of China’s comprehensive rural revitalization strategy, we evaluate the development level of comprehensive rural revitalization from five standard dimensions: industrial revitalization, ecological revitalization, cultural revitalization, talent revitalization, and organizational revitalization. A total of 14 relevant indicators are selected to form the evaluation indicator system. To measure the level of comprehensive rural revitalization more objectively and reasonably, this paper adopts the entropy method to assign weights to each indicator in the table and to measure comprehensive rural revitalization.
The core explanatory variable of this paper is county urbanization (CUR). Summarizing and synthesizing the relevant literature, this paper measures the urbanization rate by the ratio of the urban registered population within a county to the total registered population of the county. The urbanization rate is a key indicator for measuring the level of urbanization. Currently, urbanization is generally divided into the urbanization rate based on the permanent resident population and that based on the registered population. The permanent resident population constitutes an important part of the urban labor force and plays a significant role in regional economic development and social services. It more accurately reflects the actual level of urbanization in a region and allows for a better analysis of the social impact of urbanization. Therefore, this paper uses the permanent resident population urbanization rate as the core explanatory variable.
Table 2:Comprehensive Rural Revitalization Indicator System
	System layer
	Target layer
	Indicator meanings
	Unit
	Attribute

	Comprehensive rural revitalization
	Industrial revitalization
	Total agricultural machinery power per capita
	KW
	+

	
	
	Grain output per 10,000 people
	t
	+

	
	
	Value added of primary industry per capita
	Yuan
	+

	
	Cultural revitalization
	Share of cultural expenditure of rural residents
	%
	+

	
	
	Number of rural cultural stations
	Count
	+

	
	
	Cable TV coverage rate in rural areas
	%
	+

	
	Ecological revitalization
	Access rate to safe drinking water in rural areas
	%
	+

	
	
	Proportion of villages with household waste treatment
	%
	+

	
	
	Rural greening rate (or green coverage rate)
	%
	+

	
	Talent revitalization
	Proportion of rural teachers with a bachelor’s degree or above
	%
	+

	
	
	Number of health technical personnel per thousand rural population
	Count
	+

	
	
	Average years of schooling of rural residents
	Year
	+

	
	Organizational revitalization
	Proportion of villages with compiled village plans
	%
	+

	
	
	Proportion of villages that have carried out village renovation
	%
	+


3.4Variable Selection
Government Role (GOV). In this paper, government role is measured by the logarithm of fiscal budget expenditure. The government plays the role of “leader” and “guarantor” in rural revitalization. Through fiscal expenditure, the government directly invests in public services such as rural education, healthcare, social security, and culture, thereby directly enhancing the levels of “talent revitalization” and “cultural revitalization” in rural areas. By establishing industrial support funds, providing subsidies, and offering tax reductions, the government guides capital toward modern agriculture, rural tourism, agricultural product processing, and other fields, promoting “industrial revitalization.” Government role is the “visible hand” that uses fiscal power to correct market failures and provide the initial impetus and continuous guarantee for rural revitalization.
Consumption Level (CON). This paper measures consumption level using the logarithm of per capita disposable income in rural and urban areas. Consumption level is the “endogenous driving force” and “market engine” of rural revitalization. Income is the basis of consumption. An increase in the consumption level of rural residents indicates strong local market demand. This directly stimulates the development of local agricultural production and rural industries and commerce, forming a virtuous “production‑consumption” cycle and contributing to “industrial revitalization.” A prosperous rural area with strong purchasing power is itself a vibrant economic system.
Infrastructure Construction (INF). This paper measures the degree of infrastructure construction using the logarithm of the sown area harvested by machinery. Infrastructure construction is the “hardware foundation” and “circulation lifeline” of rural revitalization. A well‑developed transportation and logistics network reduces the two‑way circulation costs of agricultural products leaving villages for cities and industrial goods entering villages, improves economic efficiency, and directly promotes “industrial revitalization.” Infrastructure construction embodies the modern saying, “If you want to get rich, build roads first.” It breaks down the geographical and economic barriers between rural and external areas, providing a basic platform for all economic activities and social progress.
Industrial Structure (IS). This paper measures industrial structure by the share of secondary and tertiary industries in GDP. Industrial structure upgrading is the “core engine” and “employment container” of rural revitalization. The development of secondary and tertiary industries (industry and services) creates a large number of jobs within counties, directly absorbing the surplus rural labor force. This diversifies farmers’ income sources and significantly narrows the urban‑rural income gap, directly reflecting “industrial revitalization” and “talent revitalization.” Industrial structure upgrading is the core pathway to rural revitalization. By changing the county’s economic structure, it fundamentally creates more diverse and higher‑income employment opportunities for farmers, injecting sustained development vitality into rural areas.
Urban‑Rural Income Gap (IG). This paper measures the urban‑rural income gap by the ratio of per capita income in urban areas to that in rural areas. Narrowing the income gap transforms rural areas from a mere “factor supply base” and “product export base” into a valuable “consumer market,” thereby endogenously generating industries and attracting investment. It also changes the “price signal” for talent, shifting rural areas from “net talent outflow” to “net talent inflow,” providing the main workforce for various revitalization efforts.
Table 3: Variable Statistics
	Variable
	Observations
	Mean
	Standard deviation
	Minimum
	Maximum

	RUR
	3100
	0.461
	0.098
	0.110
	0.872

	CUR
	3100
	0.592
	0.119
	0.407
	0.850

	GOV
	3100
	13.420
	0.662
	11.440
	16.910

	CON
	3100
	10.160
	1.579
	1.099
	12.680

	INF
	3100
	2.448
	0.102
	2.037
	2.746

	IS
	3100
	0.697
	0.077
	0.431
	0.790

	IG
	3100
	1.865
	0.599
	0.616
	12.89


4. Analysis of Empirical Results
4.1 Baseline Regression Results Analysis
To test the effect of county‑level new‑type urbanization on comprehensive rural revitalization, this paper uses Stata 17.0 statistical software to perform regression analysis on the selected two‑way fixed effects model. The regression results are shown in the table. Model (1) represents the effect before adding any control variables. The regression coefficient is 0.109, which is significant at the 1% confidence level, indicating that county urbanization has a significant promoting effect on rural revitalization. This suggests that when verifying the impact of county urbanization on rural revitalization without considering control variables, the direct effect of county urbanization is overestimated. However, county urbanization remains significant at the 1% level, proving that it has a significant promoting effect on rural revitalization. Model (2) shows the regression results after adding control variables, both without and with time fixed effects. It can be seen that the level of county urbanization has a promoting effect on rural revitalization, which is significant at the 1% significance level. This indicates that regardless of whether control variables are added or fixed effects are controlled, county‑level new‑type urbanization can effectively promote comprehensive rural revitalization.
Table 4: Baseline Regression Results
	
	(1)
	(2)

	
	RUR
	RUR

	CUR
	0.109***
	0.169***

	
	(0.015)
	(0.016)

	GOV
	
	0.024***

	
	
	(0.003)

	CON
	
	0.004***

	
	
	(0.001)

	INF
	
	0.036**

	
	
	(0.018)

	IS
	
	0.115***

	
	
	(0.028)

	IG
	
	-0.004

	
	
	(0.003)

	_cons
	0.514
	0.026

	
	(0.007)
	(0.052)

	N
	3100
	3100

	r2
	0.818
	0.865


Note: ***, **, and * denote statistical significance at the 1%, 5%, and 10% levels, respectively. Robust standard errors are reported in parentheses.
4.2 Robustness Tests
4.2.1 Shortening the Sample Period
To ensure the robustness of the empirical results, this paper conducts a robustness test by shortening the sample period. Considering policy updates and economic development within the sample period, and to avoid the influence of these factors on the regression results, we exclude the first five years of samples and re‑run the regression on the remaining samples. The regression results are shown in column (1) of the table. The regression coefficient of the core explanatory variable, county urbanization, on the explained variable, comprehensive rural revitalization, remains positive and significant at the 1% level, indicating that our results are robust.
4.2.2 Replacing the Explained Variable
In addition, considering that the role of government can also be measured by the government’s tax level, we replace the original variable with another variable of similar meaning. Specifically, we use the “tax level” to measure the original fiscal expenditure level, because government tax revenue ultimately also affects comprehensive rural revitalization. Concretely, in column (2), the control variable measuring government role in the original model is replaced by the government tax level. The results show that county urbanization has a significantly positive effect at the 1% confidence level, confirming the reliability of our conclusions.
4.2.3 Excluding Municipalities Directly under the Central Government
The special status of municipalities directly under the central government makes them incomparable with counties in other ordinary provinces. If mixed together in regression analysis, a “confounding effect” may arise, affecting the generalizability and accuracy of the conclusions. Municipalities have greater fiscal autonomy and budget size, higher policy‑making authority, and more direct national resource allocation and strategic support. This huge disparity in capacity means that a district in Shanghai may receive development resources far exceeding those of an entire prefecture‑level city in an ordinary province. If a district in Shanghai is placed together with a county in Anhui to compare the impact of “county urbanization” on rural revitalization, the conclusions would be distorted. Considering the special status of Shanghai as a municipality directly under the central government, we now exclude the Shanghai samples and re‑run the regression. As shown in column (3), after excluding the Shanghai samples, the coefficient of urbanization is 0.212, significantly positive at the 1% level, verifying that county 
urbanization promotes comprehensive rural revitalization.
4.2.4 Winsorization
Due to the presence of extreme values in the data, which are not broadly representative and may have a large impact on regression analysis (potentially causing false positives), we perform winsorization on the regression variables to reduce errors caused by extreme values, ensuring the robustness and reliability of the regression results, avoiding the influence of extreme and potentially unrepresentative data points, and improving the reliability and explanatory power of the results. Column (4) shows the results after winsorizing the overall data at the 1% level. The results indicate that county urbanization has a significantly positive effect on rural revitalization at the 1% significance level, confirming our core conclusion that county urbanization can promote comprehensive rural revitalization.
Table 5: Robustness Tests
	
	（1）
	（2）
	（3）
	（4）

	
	Shorten period
	Replace variables
	Exclude municipalities
	Winsorization

	CUR
	0.165***
	0.150***
	0.212***
	0.171***

	
	(0.022)
	(0.016)
	(0.015)
	(0.015)

	GOV
	0.021***
	0.005***
	0.001
	0.024***

	（tax level）
	(0.005)
	(0.001)
	(0.004)
	(0.003)

	CON
	0.005***
	0.0194
	0.004***
	0.003***

	
	(0.002)
	(0.018)
	(0.001)
	(0.001)

	INF
	0.020
	0.172***
	0.181***
	0.024

	
	(0.025)
	(0.030)
	(0.022)
	(0.018)

	IS
	0.180***
	-0.003
	0.089***
	0.141***

	
	(0.048)
	(0.004)
	(0.028)
	(0.029)

	IG
	-0.007*
	0.004*
	-0.002***
	-0.022***

	
	(0.003)
	(0.002)
	(0.003)
	(0.004)

	cons
	0.042
	0.268***
	-0.012***
	0.069

	
	(0.078)
	(0.043)
	（0.053）
	(0.053)

	N
	1550
	3100
	2930
	3100

	r2
	0.858
	0.853
	0.862
	0.843


4.3 Mediation Mechanism Analysis
To test the mechanism through which county urbanization affects comprehensive rural revitalization, and drawing on the above mechanism analysis, this paper introduces the level of agricultural science and technology as a mediating variable. Based on Equation (1), we construct the following mediation effect model:
                       （2）
                     （3）
Model (1) explores the mediating effect of county urbanization in driving comprehensive rural revitalization. Using Model (1), an empirical test is conducted on county urbanization and the level of agricultural science and technology. The results show that the regression coefficient of county urbanization in the Yangtze River Delta region is 0.792, which passes the 1% significance level test, indicating that county urbanization improves the level of agricultural science and technology.
To further explore whether the level of agricultural science and technology serves as a transmission pathway through which county urbanization affects comprehensive rural revitalization, this paper constructs a mediation effect model for empirical testing. The results are shown in the table. Specifically, column (2) shows that the independent variable, agricultural technology innovation, has a positive coefficient of influence on the mediating variable, upgrading of industrial structure, and this result is also statistically significant (coefficient = 0.16, p < 0.01). This series of results indicates that agricultural technology innovation helps improve urban‑rural income distribution and optimize industrial structure, and the improvement in urban‑rural income distribution significantly promotes the realization of rural revitalization goals.
Specifically, the urban‑rural income gap is one of the key factors constraining rural 
revitalization. Only by achieving a fairer and more reasonable income distribution can the foundation for rural development be strengthened. The improvement in urban‑rural income distribution implies that the government needs to continuously raise rural residents’ income levels through policy adjustments, industrial support, and other means.
Table 6: Mediation Analysis
	
	(1)
	（2）

	
	AST
	RUR

	CUR
	0.792***
	0.160***

	
	(4.21)
	(10.64)

	GOV
	0.497***
	0.030***

	
	(13.49)
	(9.970)

	CON
	0.475***
	0.009***

	
	(32.13)
	(6.99)

	INF
	-0.672**
	0.027

	
	(-3.04)
	(1.55)

	IS
	4.084***
	0.165***

	
	(11.97)
	(5.95)

	IG
	0.237***
	-0.001

	
	(6.66)
	(-0.40)

	AST
	
	0.012***

	
	
	(8.65)

	_cons
	0.497***
	-0.047

	
	(13.49)
	(-0.90)

	N
	3100
	3100

	r2
	0.848
	0.739


4.4 Heterogeneity Analysis
Considering the unbalanced regional development within the Yangtze River Delta region, where there are differences in economic development levels, county urbanization development levels, and comprehensive rural revitalization development levels across different areas, and to explore the heterogeneous effects of county urbanization on comprehensive rural revitalization in different regions, this paper divides the provinces (and municipalities directly under the central government) within the Yangtze River Delta region for regression analysis. The regression results are shown in the table.
According to the empirical results, the estimated coefficients of county urbanization affecting comprehensive rural revitalization in the four provinces are all positive and significant at the 1% level. This indicates that within the Yangtze River Delta region, regardless of differences in the levels of county urbanization and comprehensive rural revitalization across provinces, county urbanization can effectively promote the development of comprehensive rural revitalization. Comparing the magnitudes of the regression coefficients across the four provinces, Anhui Province has the largest coefficient, followed by Jiangsu Province and Zhejiang Province, while Shanghai has the smallest coefficient.
Regarding the analysis of the degree of influence across the four provinces, this paper argues that Anhui Province has a lower starting point for urbanization and is in a stage of “rapid climbing.” The level of county urbanization in Anhui Province is relatively low (mean value 0.592, at a low‑to‑medium level), meaning it is in a phase of rapid growth and driven by economies of scale. At this stage, each unit increase in the urbanization level can absorb a large amount of surplus rural labor and bring about the initial inflow of capital and technology, resulting in a significant improvement in rural revitalization from “nonexistent to existent” or from “existing to better.” This effect manifests in the data as a larger regression coefficient. The urbanization process in Anhui relies mainly on the rapid agglomeration of factors. The expansion of county towns directly creates jobs for surrounding rural areas, transfers surplus labor, and extends infrastructure construction (roads, networks, water, electricity) and basic public services. These changes are fundamental, and therefore their driving effect on rural revitalization is very significant.
Regarding the smaller estimated coefficient for Shanghai, this paper argues that Shanghai’s urbanization process is largely complete. Its state of “high‑level saturation” means that it is very difficult to increase the urbanization rate even by one percentage point, and the direct benefits (such as labor transfer) have become negligible. According to the law of “diminishing marginal returns” in economics, its coefficient is naturally smaller. At this stage, the main drivers of rural revitalization in Shanghai’s suburbs are no longer the population agglomeration effect of urbanization itself, but rather strong direct policy interventions and fiscal transfer payments. Precisely because Shanghai has a stronger capacity for direct support, its dependence on the path of urbanization is very low, which further explains why its urbanization coefficient is smaller.
Table 7: Heterogeneity Test
	
	(1)
	(2)
	(3)
	（4）

	
	Anhui Province
	Zhejiang Province
	Jiangsu Province
	Shanghai

	CUR
	0.053***
	0.032***
	0.024***
	0.015***

	
	(0.049)
	(0.044)
	(0.013)
	(0.035)

	GOV
	-0.028***
	0.060***
	-0.016***
	0.021***

	
	(0.011)
	(0.006)
	(0.004)
	(0.006)

	CON
	0.005
	0.009***
	0.016***
	-0.065**

	
	(0.003)
	(0.002)
	(0.003)
	(0.031)

	INF
	0.352*
	0.179***
	0.157***
	0.647

	
	(0.192)
	(0.040)
	(0.025)
	(0.411)

	IS
	0.034
	-0.215**
	0.135***
	-1.181**

	
	(0.062)
	(0.089)
	(0.031)
	(0.504)

	IG
	-0.019**
	0.055***
	0.007***
	0.084

	
	(0.008)
	(0.012)
	(0.002)
	(0.066)

	_cons
	-0.314
	-0.673***
	0.118
	-2.028**

	
	(0.433)
	(0.097)
	(0.078)
	(0.876)

	N
	1050
	890
	990
	170

	r2
	0.846
	0.809
	0.873
	0.741


5. Conclusions and Policy Recommendations
Based on an empirical test using statistical data from 310 counties in the Yangtze River Delta region of China from 2014 to 2023, this paper draws the following conclusions: In the Yangtze River Delta region, county urbanization has a significant positive impact on comprehensive rural revitalization, meaning that the development of county urbanization promotes comprehensive rural revitalization. Through the construction of a mediation effect model, it is found that county urbanization can enhance the level of comprehensive rural revitalization by raising the level of agricultural science and technology. In terms of regional differences, the effect of county urbanization on comprehensive rural revitalization exhibits regional heterogeneity. Specifically, the impact of county urbanization on comprehensive rural revitalization is greatest in Anhui Province, followed by Zhejiang Province and Jiangsu Province, and is smallest in Shanghai. In light of the above research conclusions, this paper proposes the following policy recommendations:
First, strengthen the Functional Role of Counties as Carriers and Build a New Pattern of Integrated Urban‑Rural Development. Strengthening county urbanization construction and improving the capacity of county towns to drive surrounding rural areas are important pathways for promoting urban‑rural integration and rural revitalization. Use counties as platforms to facilitate the smooth flow of production factors such as talent, capital, and technology between urban and rural areas. Improve the unified urban‑rural factor market, guide urban capital, technology, and management models to flow down to rural areas, and support agricultural modernization and rural industrial development. At the same time, promote the value transformation of rural ecological and cultural resources, enhance their attractiveness to urban consumption and investment, and form a development pattern of complementary advantages and mutual promotion between urban and rural areas. By systematically advancing the connectivity of county infrastructure, the sharing of public services, and the integration of factor markets, the radiating and driving capacity of county towns toward rural areas will be effectively enhanced, providing sustained momentum for urban‑rural integration and rural revitalization.
Second, promote the Equitable Sharing of High‑Quality Public Services and Enhance the Comprehensive Carrying Capacity of County Towns .Focus on improving the level of public services such as education, healthcare, and culture to enhance the attractiveness and carrying capacity of county towns for the rural population. Optimize the allocation of educational resources in counties, expand the supply of quality school places, establish sound mechanisms for the collaborative development of urban and rural schools, and promote the co‑construction and sharing of resources such as curricula and teaching staff. Strengthen the leading role of county hospitals, improve the collaboration mechanism between county and township medical institutions, enhance primary‑level diagnosis, treatment, and public health service capabilities, and steadily raise the level of medical security for rural residents. Coordinate the development of public service facilities for elderly care, childcare, culture, and sports, comprehensively improving the livability and inclusiveness of county towns, and attracting the rural population to undergo urbanization in nearby county towns.
Third, promote Industrial Integration and Upgrading, and Enhance the Endogenous Development Momentum of Rural Areas.Cultivate characteristic industrial clusters in counties. Rely on local resource endowments to develop deep processing of agricultural products, rural tourism, rural e‑commerce, and other characteristic industries, promoting the integrated development of primary, secondary, and tertiary industries. Encourage urban capital, technology, and talent to flow to rural areas, and support the research, development, and application of agricultural science and technology. Increase investment in agricultural science and technology to raise the level of agricultural modernization, promote smart agriculture and green agriculture models, and enhance the added value of agricultural products. Build county‑level agricultural product brands, connect urban and rural consumer markets, and promote the integrated development of “production, supply, and marketing.”
Last, adopt Tailored Policies According to Local Conditions, and Promote Coordinated Regional Development .Implement differentiated support policies, and carry out targeted measures for different regions based on local realities. Specifically, for areas with relatively low urbanization levels but great potential (such as counties in Anhui Province), increase infrastructure and industrial support. For areas with relatively high urbanization levels (such as suburban counties of Shanghai), focus on improving rural quality and governance levels, and promote deep urban‑rural integration. In addition, strengthen the awareness of regional synergy and coordination, promote inter‑county cooperation within the Yangtze River Delta region, jointly build industrial chains, share public services, co‑govern the ecological environment, and narrow regional gaps. Establish cross‑regional coordination mechanisms to facilitate the optimal allocation of talent, technology, capital, and other factors on a larger scale.
5.4 Limitations and Future Research 
While this study provides robust evidence on the positive effect of county urbanization on comprehensive rural revitalization, several limitations should be acknowledged. First, despite the use of two‑way fixed effects, the potential endogeneity between county urbanization and rural revitalization (e.g., reverse causality) cannot be fully ruled out. Future research could employ instrumental variables — such as historical urbanization levels or policy shocks — to strengthen causal identification. Second, the measurement of agricultural science and technology (AST) was not explicitly detailed in the variable definition table. Future studies should adopt more precise indicators (e.g., agricultural patent counts, R&D expenditure, or mechanization rates) and apply bootstrap tests for mediation effects.
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