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Small towns play a vital role in the process of rural modernization and urban-rural integration in most developing countries. China's county urbanization is essentially based on small towns, and analyzing its role and patterns for rural development can provide scientific guidance for the practice of rural revitalization in China, as well as research results of typical regions for the theoretical study of urbanization and rural development in developing countries. Taking the 143 counties in Northeast China as examples, using Global Moran's I, OLS regression model, and Geographical and Temporal Weighted Regression(GTWR), analyzing the impact effect of urbanization on rural revitalization and its spatial gradient change in these counties from 2013 to 2020. The results show that: (1) County urbanization and rural revitalization in Northeast China show the evolution characteristics of “low volatility and decline” and “low and slow growth” respectively, and the statistical descriptive analysis of the superposition of the two spatial patterns preliminarily shows that county urbanization has some impact on rural revitalization. (2) The OLS model regression test shows that county urbanization in Northeast China is not enough to drive rural revitalization, there is still a lot of potential to be tapped. Among the selected 7 indicators of county urbanization, only the regression coefficient of X7 which represents the level of county education is as high as 0.5660. The regression coefficients of X2, X3 and X4, which related to the size of towns in county and the county economic strength, are all below 0.04. The level of healthcare development in county (X6) still acted as an obstacle to rural revitalization, while X1 and X5 do not pass the significance test. (3) The results of the GTWR model show that there is an obvious spatial gradient in the impact of the 5 indicators on rural revitalization in the county urbanization system in Northeast China. This study also proposes strategies to accelerate the construction of county urbanization in many ways in order to give full play to its positive effect on rural revitalization.
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1 Introduction

Urbanization is the key link and pathway for cities and small towns to radiate and drive the rural areas (Su, 2021). Among them, small towns have a more direct impact on the characteristics, forms and functions of the rural areas in the process of urbanization due to their large number, wide distribution and close relationship with the rural areas (Liu et al., 2022; Shen et al., 2021; Liu, 2018). From the viewpoint of the urbanization development experience of developed countries, whether it is the development pattern of European countries based on small towns or the promotion pattern of the United States, Japan, South Korea and other countries based on big cities and the balanced development of small towns, it has been fully proved that attaching importance to the role and status of small towns in the process of urbanization is an inevitable choice to promote the modernization and transformation of villages and reduce the gap between urban and rural areas (Fang and Zhao, 2023). However, post-war developing countries, influenced by theories of unbalanced development such as the “urban-rural dichotomy”, have taken large cities and industrial sectors as the main elements and important symbols of modernization (Zhu and Sun, 2022), adopting more “rapid and concentrated” urbanization models. This type of urbanization, which deprives small towns of development opportunities by overemphasizing the polar core role of large cities, inevitably creates a pronounced urban-rural development gap, leading to rural development dilemmas of varying degrees in different countries (Shahraki, 2022). At the present stage, how to strengthen the fundamental role of small towns in the process of urbanization in order to promote rural development has become a major problem that needs to be urgently resolved in the majority of developing countries (Liu, 2021; Gu, 2019; Carlucci et al., 2020).

China is a developing country with a large population, small per capita land area and relatively low per capita income, and its rapid urbanization since 1978 has shown a bias toward the development of large cities and the development of polar nucleation, resulting in the loss of the various basic supporting roles of small cities and towns in the national urban system, which has led to the pronounced hollowing out of the rural areas and its decay (Wei et al., 2023; Qu et al., 2023; You et al., 2022). To address this issue, China has entered a new phase of healthy urbanization-led rural development in recent years: In 2012, the Chinese government began to promote a “new type of urbanization”, emphasizing the coordinated development of large, medium-sized, small and medium-sized cities and towns to promote rural development and narrow the development gap between urban and rural areas; in 2017, the “rural revitalization” strategy was formally put forward, and new urbanization was regarded as the way to “rural revitalization”; In 2020, with the continuous improvement of the strategies of “new urbanization” and “rural revitalization”, counties were identified as the most suitable space for China's rural revitalization, as well as an important entry point and focus for the comprehensive promotion of rural revitalization (Su, 2021), it also clarifies the fundamental role of county urbanization for rural revitalization (Xu et al., 2020; Liu and Xue, 2021).

The county area is the fourth level of China's five levels of administrative jurisdiction, namely the central government, provinces (autonomous regions and municipalities directly under the central government), prefectures, counties and townships, and it covers most of the country's small towns (county towns, designated towns) and rural areas, and the urbanization of the county area is basically a concrete practice of China's urbanization model, which is mainly based on the urbanization of small towns. At present, the goal of China's county urbanization development is to comprehensively build a multi-level agricultural population transfer system within the county, with county towns and central designated towns as the leading role, general designated towns and designated towns has special characteristics as auxiliary role, and rural communities and key villages as complementary role, so as not only to reduce the rural population but also to stabilize the size of the county population, thereby ensuring the implementation of the rural revitalization strategy (Yang, 2019; Gao and Zhang, 2023). However, in the context of the previous phase of rapid urbanization, China's population is mainly concentrated in urban agglomerations, metropolitan areas, and mega-cities, resulting in a lack of town vitality and severe population decline in most counties across the country (Gao and Zhang, 2023), the role of county urbanization in promoting rural development and bridging the development gap between urban and rural areas has been seriously inhibited. Therefore, there is an urgent need to explore the role and law of county urbanization on rural revitalization in China, so as to provide a basis for macro-control of county urbanization.

From the academic research on the relationship between small towns and rural development, mainly in developed countries during the period of rapid urbanization has accumulated some research results involving the status and optimization of small towns in the regional urban system, urban and rural systems (Daniels, 1989; Lešková, 2019); as its urbanization has entered a high-level and stable stage, the research has now shifted to focusing on the development law, industrial transformation, physical environment and social space of small towns themselves (Wirth et al., 2016; Zou et al., 2023). Although studies on the impact of urbanization on the rural areas have been conducted in developing countries, they have mostly been generalized to describe the results of the impact of rapid urbanization on the rural areas, and direct studies on the relationship between small towns and the rural areas have not yet appeared. Although China has carried out county-level urbanization and rural revitalization practices, there are more studies mapping county-level urbanization, and research results on the relationship between urbanization and rural revitalization at the county level are still rare. Based on the comprehensive sorting out of the impact effects of county urbanization on rural revitalization, this paper takes 143 counties in Northeast China as examples, screens the main impact factors of county urbanization on rural revitalization, and analyses the spatial and temporal characteristics of the impact effects of the main factors on rural revitalization. The research results can enrich the theoretical research results on the interrelationship between small towns and rural areas in developing countries, and also provide practical guidance for the healthy development of urbanization and smooth promotion of rural revitalization in China's counties, as well as provide Chinese experience for urbanization and rural development in other developing countries and regions.



2 Theoretical framework and evaluation system construction


2.1 The impact mechanism of county urbanization on rural revitalization

China's rural farmland is mainly used in a decentralized, small-scale and fragmented manner. Rural development is mostly confined to agriculture, and agricultural development is mostly confined to farming and animal husbandry, with “low-function subsistence agriculture” being a characteristic feature. Moreover, the large size of the rural population, the large number of surplus workers and the lagging development of secondary and tertiary industries in rural areas, coupled with the limited capacity of small towns adjacent to the rural areas to absorb rural workers, have led to the widespread phenomenon of “separation of residence and occupation” (Chen et al., 2022; Zhang and Pan, 2022). The “Inter-generational division of labor based on half-work, half-farming” model of family planning in the rural areas has become dominant, with a large scale of inter-regional population export and a high loss of middle-class and elite farmers (Hu and Zhu, 2021), the inherent support for trans-formative development is insufficient, and rural development urgently needs towns and cities to fully play their driving role. The free movement of factors between large cities and rural areas is hampered by the disparity in their development levels (Yan et al., 2023; Cui et al., 2023). County urbanization, mainly in small towns, can achieve the development goals of increasing farmers' income, retaining and attracting people, so small towns have been identified as the core driving force for China's rural revitalization.

County urbanization is a multidimensional and complex process accompanied by population migration (Dadi et al., 2016), industrial structure transformation (Tselios, 2014), spatial landscape evolution (Hvenegaard et al., 2019; Clifford, 1993), etc., and its influence path and mechanism on rural revitalization are reflected in the following aspects (Figure 1). First of all, population urbanization, towns in the county provide a certain degree of employment for the rural surplus population from the scale, intensive industrial and enterprise development, not only can improve the income of farmers (Liu et al., 2019; Feng et al., 2019), but also at a lower cost to achieve the rural population of citizenship and promote the spatial redevelopment of rural settlements, which is conducive to stimulate the demand for rural investment; secondly, in terms of industrial urbanization, towns in the county provide financial and technological support to rural economy and society, production and life through industrial linkage, product factor linkage and integrated regional infrastructure construction, leading the adjustment and upgrading of rural industrial structure and the process of agricultural upgrading (Song and Zhu, 2020), and spreading advanced ideological and cultural concepts to rural areas through demonstration effects to fundamentally change their backward production and life style (Suvi, 2019; Robert et al., 2023; Tang and Xu, 2023; Yang et al., 2019); thirdly, in terms of spatial urbanization, the upgrading of infrastructure and public service facilities of towns in the county can ensure that farmers who continue to work in agriculture to enjoy better basic public services, which can attract outstanding talents, thereby innovating rural governance and stimulating rural vitality (Winters and Li, 2017; Shen and Lin, 2017; Vardopoulos, 2023; Cao et al., 2020).


[image: Flowchart illustrating the relationship between county urbanization and rural rejuvenation. Main categories include Population, Economic, and Spatial urbanization. Each category lists strategies such as resettlement, agriculture promotion, infrastructure integration, and non-farm income increase, which lead to goals like retaining elite rural population, rural industrial upgrading, promoting civilized villages, and strengthening rural facilities. These contribute to rural rejuvenation by guaranteeing village construction, strengthening rural industry, and improving rural habitat.]
FIGURE 1
 The role path and influence mechanism of urbanization promotion on rural revitalization in China's county areas.


In the whole model of towns in the county acting on the rural areas through urbanization, towns and the rural areas are both distinct but interdependent, and county urbanization plays a role in the rural areas in different dimensions in terms of population, industry and habitat, which can lead the rural areas from a state of decay with “the hollowing out of the main body, the hollowing out of production, the hollowing out of facilities, and the laxity of grassroots organizations” to a state of revitalization with “the development of production, affluent living, ecological livability, civilized township style, and effective governance” (Bibri and Krogstie, 2017; Ekeocha, 2021; Ahmad et al., 2021). Accordingly, in practice, by analyzing the characteristics of the impact of county urbanization on rural revitalization and summarizing the shortcomings of county urbanization under the perspective of rural revitalization, it is a key basis for regulating the development of county urbanization and an inevitable choice for promoting rural revitalization.



2.2 Evaluation indicator system construction

Based on the intrinsic correlation between county urbanization and rural revitalization, it is determined that indicators are selected from three dimensions, namely population urbanization, spatial urbanization and economic urbanization, to measure the level of county urbanization. Considering that at this stage the Chinese government has issued ≪Opinions on Promoting Urbanization with County Towns as Important Carriers≫, and that the construction of county urbanization centered on county towns will strongly drive rural revitalization, this paper especially takes the population size of county town as one of the important indicators of county population urbanization. The core task of China's rural revitalization is to increase farmers' incomes and improve their quality of life through industrial development and improvement of the human habitat, including the facility environment, the ecological environment and the cultural environment, reflecting the fact that the progress of population, industry and the human habitat is an important foundation for rural development, and the impact of county urbanization on rural revitalization is also mainly reflected in these three aspects, so that the selection of evaluation indexes accordingly is in line with the core requirements and the essential connotation of rural revitalization. With reference to the existing literature on urbanization measurement and based on the principles of scientificity, systematicity and accessibility, a total of 14 relevant indicators were selected to constitute its evaluation indicators system, of which county urbanization contains 7 indicators and rural revitalization contains 7 indicators (Table 1).

TABLE 1  Comprehensive evaluation indicator system for county urbanization and rural revitalization development in Northeast China.


	System level
	Standardized level
	Indicator level





	County urbanization
	Population urbanization
	County town resident population size (X1)



	
	
	Proportion of resident population in towns of county (X2)



	
	Economic urbanization
	Proportion of county secondary industry output value (X3)



	
	
	Proportion of county tertiary industry output value (X4)



	
	Spatial urbanization
	Density of towns in the county (X5)



	
	
	County medical system beds per 1,000 population (X6)



	
	
	Number of students enrolled in general primary and secondary schools (X7)

 
	Rural revitalization
	Rural population
	Rural disposable income per capita (X8)



	
	
	Size of rural resident population (X9)



	
	Rural industry
	Value added of primary industry in the county (X10)



	
	
	total power of agricultural machinery per unit of arable land (X11)



	
	
	Value of rural non-agricultural output (X12)



	
	Rural environment
	Fertilizer application in villages (X13)



	
	
	Number of civilized villages and towns at the national level (X14)









3 Study area and research method


3.1 Study area

The selection of Northeast China as an example to analyze the impact effect of county urbanization on rural revitalization in China and its spatio-temporal characteristics is based on two main considerations. First, from the viewpoint of China's practice since the reform and opening up, although a few areas such as the Pearl River Delta and Yangtze River Delta on the eastern coast have achieved transformational development of the rural areas through the urbanization of townships and villages, the development of the rural areas in the vast inland areas is still extremely inadequate (Wang et al., 2017; Liu et al., 2018; Adam et al., 2018). The urbanization and rural development of Northeast China is typical of China's inland: urbanization is mainly promoted in large and medium-sized cities, county urbanization is inherently insufficient, and it generally faces the problems of small size of towns, slow development of non-agricultural industries, low non-agricultural incomes of peasants, weak radiation drive of towns to the rural areas, and the phenomenon of rural population exodus and hollowing out is serious (Sun and Ding, 2016; Hibbard and Frank, 2019; Osman et al., 2016; Penazzi et al., 2019; Liu et al., 2023). Secondly, Northeast China is a relatively independent natural geographic unit and a relatively complete regional economic unit, and the counties within the region are comparable due to the obvious differences in natural conditions, geographic location, economic system, social environment, and historical lineage, which makes it convenient to reveal the internal differences and propose optimized regulatory countermeasures.

Northeast China is divided from north to south with three provinces: Heilongjiang, Jilin and Liaoning, with a total of 36 prefecture-level units and 147 counties (Figure 2). The remaining 143 county-level units were selected for analysis because data were missing for four counties in Heilongjiang Province: Tangwang County, Fenglin County, Daiyishan County, and Nanqiao County. In 2013, when the Chinese government put forward the development strategy of new urbanization, it began to pay formal attention to the issue of the impact of small towns on rural development, so the starting time of the study was set as 2013, and the period of the study was set as 2013–2020 according to the feasibility of obtaining statistical data. The data for the study come from two main sources: first, the vector map of county-level administrative areas in the three provinces of Northeast China, which is derived from China's 1:250,000 basic geographic data provided by the Resource and Environmental Science Data Center of the Chinese Academy of Sciences, and for the phenomenon of administrative division adjustment that existed during the study time period, it was handled by unifying the administrative divisions of the county-level municipalities up to the year 2020. Second, the socio-economic statistics of the counties in the three provinces are mainly derived from the 2013-2020 statistical yearbooks of each province, ≪the China County Economic Statistics Yearbook ≫(county and city volume), ≪the China Rural Statistics Yearbook≫, the socio-economic statistical bulletins issued by the county and city statistical bureaus, and the China Civilization Network. Smoothing was performed with multiple interpolation according to the actual situation, and some data were processed through secondary calculations (per capita and per capita) in order to enhance comparability.


[image: Map of Northeast China highlighting study regions in green. Key cities include Harbin, Changchun, Jilin, and Dalian. Non-study regions are shown in a lighter shade. Major boundaries and county towns are marked. The scale is provided at the bottom.]
FIGURE 2
 Spatial distribution of counties in Northeast China. 1: Kangping 2: Faku 3: Xinmin 4: Changhai 5: Wafangdian 6: Zhuanghe 7: Tai'an 8: Xiuyan 9: Haicheng 10: Fushun 11: Xinbin 12: Qingyuan 13: Benxi 14: Huanren 15: Kuandian 16: Donggang 17: Fengcheng 18: Heishan 19: Yixian 20: Linghai 21: Beizhen 22: Gaizhou 23: Dashiqiao 24: Fuxin 25: Zhangwu 26: Liaoyang 27: Dengta 28: Panshan 29: Tieling 30: Xifeng 31 : Changtu 32: Jiaobingshan 33: Kaiyuan 34: Chaoyang 35: Jianping 36: Karaqin 37: Beipiao 38: Lingyuan 39: Suizhong 40: Jianchang 41: Xingcheng 42: Nong'an 43: Yushu 44: Dehui 45: Gongzhuling 46: Yongji 47: Jiaohe 48: Huadian 49: Shulan 50: Panshi 51: Lishu 52: Yitong 53: Shuangliao 54: Dongfeng 55: Dongliao 56: Tonghua 57: Huinan 58: Liuhe 59: Meihekou 60: Ji‘an 61: Fusong 62: Jingyu 63 : Changbai 64: Linjiang 65: Qianguoerlus 66: Changling 67: Qian'an 68: Fuyu 69: Zhentai 70: Tongyu 71: Taonan 72: Daan 73: Yanji 74: Tumen 75: Dunhua 76: Hunchun 77: Longjing 78: Helong 79: Wangqing 80: Antu 81: Yilan 82: Fangzheng 83: Bin 84: Bayan 85: Mulan 86: Tonghe 87: Yanshou 88: Shangzhi 89: Wuchang 90: Longjiang 91: Yi‘an 92: Tailai 93: Gannan 94: Fufu 95: Keshan 96: Kedong 97: Baiquan 98: Nehe 99: Jidong 100: Hulin 101: Mishan 102: Luobei 103: Suibin 104: Jixian 105: Youyi 106: Baoqing 107: Raohe 108: Zhaozhou 109: Zhaoyuan 110: Lindian 111: Dulbert 112: Jiayin 113: Tieli 114: Huanan 115: Huachuan 116: Tangyuan 117: Tongjiang 118 : Fujin 119: Fuyuan 120: Boli 121: Linkou 122: Suifenhe 123: Hailin 124: Ning'an 125: Muling 126: Dongning 127: Xunke 128: Sunwu 129: Bei‘an 130: Wudalianchi 131: Nenjiang 132: Wangkui 133: Lanxi 134: Qinggang 135: Qing'an 136: Mingshui 137: Suileng 138: Anda 139: Zhaodong 140: Hailun 141: Mohe 142: Huma 143: Tahe.




3.2 Research method
 
3.2.1 Evaluation model of county urbanization and rural revitalization

According to the calculation steps of entropy value method, firstly, the method of extreme value standardization is used to unify and standardize 8,008 urbanization development indicators and 8,008 rural development indicators of 143 counties in Northeast China from 2013 to 2020, and on the basis of which the standardization matrix is constructed, from which the entropy value and differentiation coefficients are obtained, and the weights of each indicator are then obtained. Finally, the comprehensive development scores of county urbanization and rural revitalization are calculated for each year.

U1=U2=∑λijuij,∑λij=1      (1)

Where: uij is the standardized indicator value; λij is the weight obtained by the entropy value method; U1 and U2 are the comprehensive evaluation scores of urbanization and rural revitalization respectively.



3.2.2 Spatial association description method

Global spatial auto correlation is an analytical tool to identify whether the spatial distribution of geographic things belongs to agglomeration, dispersion, or stochastic state, and the spatial differentiation characteristics of the degree of county urbanization and rural revitalization in Northeast China are determined by using Moran's I overall, which is calculated as follows:

I=∑i=1n∑j=1nWij(Xi-X¯)(Xj-X¯)∑i=1n∑j=1nWij∑i=1n(Xi-X¯)2      (2)

Where, Wij is the spatial weight of elements i and j; Xi, Xj are the attribute values of X in the corresponding spatial units i and j; X¯ is the average value of X; n is the total number of elements. I takes the value of the range [-1,1], if I>0, it means that the spatial distribution of the elements belongs to the agglomeration mode; if I<0, it means that the spatial distribution of the elements belongs to the decentralization mode. The more I converges to 1 or−1, the more obvious the difference of spatial distribution of elements is. Based on the results of Moran's I, the hot spot analysis (Getis-Ord Gi*) in ArcGIS 10.2 is further used to identify the “cold spots” and “hot spots” of the index of county urbanization and rural revitalization of Northeast China, and to screen out the heavy and light agglomerations of county urbanization and rural revitalization.



3.2.3 OLS regression model

OLS is a global regression model that assumes that the data generation process is spatially smooth so that a single coefficient explains the relationship between each explanatory and dependent variable. Based on the theoretical framework of the impact of county urbanization on rural revitalization, this paper takes the development index of rural revitalization as the dependent variable, and seven indicators in total, including the level of development of county town, urbanization of population, spatial urbanization, and economic urbanization, which characterize county urbanization, as the independent variables to analyze the average impact effect of each indicator of county urbanization on rural revitalization in Northeast China. The formula is as follows:

lnYit=β0+β1lnX1it+β2lnX2it+β3lnX3it+β4lnX4it              +β5lnX5it+β6lnX6it+β7lnX7it+ϵmjt      (3)

where i represents the region, t represents time, Y refers to the development level of rural revitalization, X1 refers to the size of the county town's resident population, X2 indicates the proportion of the county's urban resident population, X3 represents the proportion of the county's secondary industry output, X4 represents the proportion of the county's tertiary industry output, X5 represents the density of towns in the county, X6 represents the number of medical beds per 1,000 people in the county, X7 represents the number of students enrolled in ordinary primary and secondary schools, and β0, β1, β2, β3, β4, β5, β6, β7 indicates the regression coefficient in the model, which denotes the random perturbation term.



3.2.4 Geographical and temporal weighted regression (GTWR)

While traditional linear regression models only represent the “average” effect of parameters, Geographically Weighted Regression (GWR) can incorporate the spatial characteristics of the data into the model, allowing local parameters to vary with spatial location, and exploring the spatial variability of the influencing factors in different geographic locations and their patterns. The Geographical and Temporal Weighted Regression (GTWR) model introduces a time dimension based on the consideration of spatial heterogeneity, which can effectively deal with temporal non-stationarity, and is calculated as follows (Gelfand et al., 2003; Huang et al., 2009, 2010):

Yi=α0(ui+vi+ti)+∑j=1mαj(ui+vi+ti)Xij+ξi      (4)

where Yi is the value of the explanatory variable at sample point i (i=1,2,3..., n), n is the number of sample points, and m is the number of explanatory variables; ti is the temporal coordinate of the ith sample point; α0(ui, vi, ti) denotes the spatio-temporal intercept term at sample point i; Xij denotes the value of the jth explanatory variable at sample point i; αj (ui, vi, ti) denotes the regression coefficient of the jth variable at sample point i as a function of spatio-temporal coordinates; ξi denotes the residuals. Due to the introduction of spatio-temporal three-dimensional coordinates into the model, GTWR can improve the model fitting accuracy and provide the analysis of the effect of each explanatory variable on the dependent variable from a spatio-temporal three-dimensional perspective, which has a better explanatory power.





4 Findings


4.1 Spatio-temporal correlation between county urbanization and rural revitalization in Northeast China
 
4.1.1 Spatial and temporal patterns of county urbanization in Northeast China

From 2013 to 2020, the comprehensive evaluation weights of the subsystems of county urbanization in Northeast China are: spatial urbanization subsystem (0.43) > economic urbanization subsystem (0.27) > population urbanization subsystem (0.17) > county town development subsystem (0.13). It can be seen that the construction of physical space, mainly infrastructure and public service facilities, is the main driving force for the development of county urbanization in Northeast China, while the low level of non-agriculturalization in counties and the insufficient scale of agglomeration in county towns have led to a grim situation of population exodus and impeded the development of county urbanization, and the average level of county urbanization in Northeast China has thus shown a downward trend in the form of low-level fluctuations, from 0.343 in 2013 to 2020 0.322. During the study period, county urbanization in Northeast China shows a stable spatial pattern of “high in the south and low in the north”, with the average level of county urbanization in Liaoning, Jilin, and Heilongjiang provinces are 0.385 > 0.372 > 0.272 in 2013, 0.4 > 0.39 > 0.273 in 2017, and 0.372 > 0.337 > 0.253 in 2020 respectively (Figure 3).


[image: Three maps show data distribution for 2013, 2017, and 2020 across a geographic region. Each map uses color gradients from light to dark red to indicate different data ranges. The maps depict variations in the data distribution over time, labeled with corresponding years and a color legend. Each map includes a north arrow and scale bar.]
FIGURE 3
 Evolution of spatial patterns of county urbanization in Northeast China.


The global Moran's I values for county urbanization in the Northeast in 2013, 2017, and 2020 are positive and significant at the 5% level, with significant positive spatial correlations and spatial aggregation patterns. The results of the cold and hot spot analysis (Figure 4) show that the hot spot of high level of county urbanization in Northeast China has always been in the central part of Jilin and the mid-southern part of Liaoning Province, while the cold spot of low level of urbanization has always been located in the northern part of Heilongjiang Province, and the hot spot has been continuously concentrating to the south, while the cold spot area has been gradually concentrating to the north, which coincides with the spatial pattern of “high in the south, and low in the north” that has always been presented by the county urbanization of Northeast China during the period of the study.


[image: Three maps display spatial hot and cold spots for the years 2013, 2017, and 2020. Each map uses color gradients to denote significance levels: dark blue for 99% cold spot confidence, light blue for 95%, gray-blue for 90%, orange shades for hot spots, with darker reds showing higher confidence, and white for non-significant areas. The maps highlight changes in distribution of hot and cold spots over time, with a predominance of cold spots in the north and hot spots in the south. A scale bar and compass rose indicate orientation and distance.]
FIGURE 4
 Characteristics of spatial agglomeration of county urbanization in Northeast China.




4.1.2 Spatial and temporal patterns of rural revitalization levels in Northeast China

From 2013–2020, the average level of rural revitalization in counties of Northeast China has been low but has increased slightly, from 0.316 to 0.345. The comprehensive evaluation weights of the subsystems of rural revitalization in Northeast China are: rural industry subsystem (0.43) > rural population subsystem (0.32) > rural environment subsystem (0.24), which indicates that agricultural modernization in Northeast China has been effective in recent years, but the outflow of the rural population and the poor rural living environment are the crux of rural development. From a spatial perspective, rural revitalization in Northeast China in 2013, 2017, and 2020 shows a spatial pattern of “center-periphery”, with the twin center of the Harbin-Changchun and mid-southern Liaoning urban agglomerations, being significantly higher than that of the peripheral regions in the northern, eastern and western parts of Northeast China. Between 2013 and 2020, the level of rural development in the central area declined significantly, and the spatial characteristics of the “center-periphery” weakened (Figure 5).


[image: Three maps display data for the years 2013, 2017, and 2020, each segmented by regions with color gradients indicating value ranges. Darker shades signify higher values, while lighter shades represent lower values. Legends show specific value ranges for each year, illustrating changes over time in the unspecified metric. Annotations include a north arrow and a scale of two hundred kilometers.]
FIGURE 5
 Evolution of spatial pattern of rural revitalization in Northeast China.


The global Moran's I values for rural revitalization in Northeast China in 2013, 2017, and 2020 are positive and significant at the 5% level, with significant positive spatial correlations and spatial aggregation patterns. The results of the cold hotspot analysis (Figure 6) show that the hotspot areas of high-level agglomeration for rural revitalization in Northeast China have always been in the central areas of the Harbin-Changchun and mid-southern Liaoning urban agglomerations, but the area of the hotspot areas in the south has decreased; the coldspot areas of low-level agglomeration have always been located in the areas outside of the city clusters, with the northern part of Heilongjiang and the eastern part of Jilin being the obvious low-value agglomerations in 2013, and by 2020 the coldspot areas of the northern part of Heilongjiang have disappeared, and the eastern part of Jilin has remained as a coldspot area, whereas new coldspot areas have appeared in the western part of Liaoning. This change in the distribution of hot and cold spots is consistent with the evolution of the rural revitalization pattern of “center-periphery” in Northeast China.


[image: Three maps from the years 2013, 2017, and 2020 show cold and hot spots with varying confidence levels. Blue shades indicate cold spots, while red and orange shades represent hot spots. Areas not significant are in gray. Each map includes a legend and compass, and there is a scale of zero to two hundred kilometers.]
FIGURE 6
 Characteristics of spatial agglomeration for rural revitalization in Northeast China.




4.1.3 Characteristics of the association between county urbanization and rural revitalization in Northeast China

In order to preliminarily reveal the impact of county urbanization on rural revitalization in Northeast China, the spatial development pattern of county urbanization and rural revitalization in Northeast China is superimposed and compared. The characteristics of changes in the mean values of each indicator of rural revitalization in the five types of county urbanization with low (A), lower (B), medium (C), higher (D) and high (E) levels are observed, and the results are shown in Table 2.

TABLE 2  Spatial associations between county urbanization types and the mean values of various indicators of rural revitalization in Northeast China.


	Particular year
	County urbanization
	Quantities
	X8
	X9
	X10
	X11
	X12
	X13
	X14





	2013
	A
	19
	2,37,131.16
	42.11
	2,37,131.16
	7,904.26
	1,90,791.70
	21,040.21
	0.26



	
	B
	37
	2,82,354.65
	52.14
	2,82,354.65
	9,622.57
	1,31,727.76
	24,448.88
	0.24



	
	C
	42
	3,83,692.45
	57.31
	3,83,692.45
	10,185.07
	1,50,092.32
	51,468.47
	0.43



	
	D
	32
	3,41,799.00
	51.25
	3,41,799.00
	10,750.28
	1,86,715.75
	45,518.37
	0.44



	
	E
	13
	5,31,285.15
	63.38
	5,31,285.15
	12,174.77
	2,83,597.29
	88,210.81
	0.54

 
	2017
	A
	28
	2,90,885.57
	59.54
	38,9101.25
	10,476.89
	1,85,471.04
	26,286.43
	0.57



	
	B
	34
	2,81,085.01
	59.59
	7,10,925.03
	12,917.52
	1,52,945.76
	26,437.04
	0.71



	
	C
	35
	3,10,238.66
	58.34
	11,13,600.54
	13,110.68
	1,73,299.69
	56,595.13
	0.60



	
	D
	35
	3,03,430.03
	54.37
	12,33,938.97
	14,388.51
	1,60,168.63
	59,374.46
	0.74



	
	E
	11
	5,77,084.82
	87.81
	36,76,235.73
	15,110.36
	3,83,895.36
	1,16,339.98
	0.91

 
	2020
	A
	19
	4,87,538.26
	74.36
	3,14,945.47
	4,826.90
	1,52,073.84
	3.86
	0.89



	
	B
	33
	3,59,698.91
	72.02
	4,83,729.58
	5,776.62
	1,47,038.76
	223.65
	0.88



	
	C
	48
	3,64,693.13
	68.84
	7,06,502.44
	9,190.63
	1,59,222.44
	46,234.66
	0.90



	
	D
	34
	4,74,644.88
	71.32
	11,29,596.15
	7,651.51
	1,64,036.03
	75,614.78
	1.26



	
	E
	9
	4,97,066.67
	64.31
	3,362,287.11
	8,362.79
	2,14,140.44
	1,01,046.27
	1.33






The results of statistical descriptive analysis show that in 2013 and 2017, the level of rural revitalization in counties with higher levels of urbanization in Northeast China was also higher, and the average of all rural indicators in counties with medium or higher levels of urbanization were higher than those in counties with lower levels of urbanization or less, especially in counties with high levels of urbanization whose indicators of rural development were significantly ahead of those in other counties; In 2020, except for two rural revitalization indicators, the value added of the primary industry in counties (X10) and the total power of agricultural machinery per unit of arable land in villages (X11), which also show high values in counties with a low level of urbanization, the average values of the remaining rural revitalization indicators increase with the higher level of development of urbanization in counties. It can be seen that the spatial distribution of various indicators of rural revitalization and the level of county urbanization in Northeast China are basically kept in sync, and there is indeed a certain role of county urbanization in the development of rural revitalization.




4.2 The overall impact effect of county urbanization on rural revitalization in Northeast China

Use OLS regression model to deeply analyze the impact effect of county urbanization on rural revitalization in Northeast China, and verify the impact effect of each indicator of county urbanization on rural revitalization (Table 3). From 2013 to 2020, in the county urbanization development indicators, X1 and X5 did not pass the significance test of OLS, implying that county urbanization development centered on towns in Northeast China has a long way to go; Although X2, X3, X4, X6, and X7 pass the significance test of OLS, the average regression coefficient of these five indicators on rural revitalization is 0.142, indicating that the role of county urbanization on rural revitalization in Northeast China is weak, and that there is still a great deal of potential to be realized. The specific mechanism of action of each indicator is described below:

TABLE 3  OLS model regression results.


	Y
	Coef.
	St.Err.
	t-value
	p-value
	[95% Conf.]
	Interval





	X1
	0.0148
	0.0227
	0.65
	0.513
	−0.0296
	0.0593

 
	X2
	0.0315
	0.0104
	3.04
	0.002
	0.0112
	0.0518

 
	X3
	0.0181
	0.0091
	1.98
	0.047
	0.0002
	0.0360

 
	X4
	0.0305
	0.0113
	2.69
	0.007
	0.0527
	0.0082

 
	X5
	0.0369
	0.0338
	1.09
	0.276
	−0.0294
	0.1032

 
	X6
	−0.0658
	0.0369
	−1.78
	0.075
	−0.1382
	0.0066

 
	X7
	0.5660
	0.0749
	7.55
	0.000
	0.4190
	0.7130

 
	Constant
	0.2830
	0.0100
	28.21
	0.000
	0.2633
	0.3027

 
	Number of obs
	1,144
	
	



	F(7, 1136)
	27.73
	
	



	Prob > F
	0.0000
	
	



	R-squared
	0.2399
	
	



	Root MSE
	0.08109
	
	






X2 is the proportion of the sum of the population of county town and the population of other designated towns to the total population of the county, reflecting the size of the urban population in county. The size of towns in county at all levels in Northeast China is generally small, with an average population of 50,600 in county towns and 0.57 million in designated towns; towns in county have poor agglomeration and diffusion capacity, low ability to attract population transfer within the county, and insufficient impetus to the rural areas; this indicator has the weakest impact on rural revitalization in Northeast China, with a regression coefficient of only 0.015.

X3 represents the level of secondary industry development of counties in Northeast China, and the regression coefficient for rural revitalization is 0.018, with the same weak influence. On the one hand, due to the low population density in rural areas of Northeast China, the contradiction between people and land is not prominent, the market size is small, and the pressure and growth environment for the development of rural enterprises is inherently insufficient; On the other hand, there has been a dual structure between the central cities and peripheral counties in Northeast China for a long time, the central city's heavy industry had a limited effect on the peripheral counties, counties are mostly based on the development of agriculture, and the promotion of industrialization is slow. As a result, the proportion of surplus rural labor force transferred locally and the non-agricultural income of farmers in the counties are low, and there is insufficient impetus for the development of rural revitalization.

The regression coefficient of the impact of the level of county tertiary industry development on rural revitalization in Northeast China represented by X4 is 0.031, which is slightly higher than that of X3. Although towns in the county at all levels in Northeast China have long assumed the function of organizing the economic and social development of rural areas, and have radiated the peripheral rural hinterland in terms of commerce and transportation, most towns and villages in counties have not formed industrial chain linkages in the tertiary industry, and this indicator has a limited role in driving the development of rural areas.

The regression coefficient of X6 on the development level of rural revitalization is −0.066, which is an obstacle to rural revitalization. Northeast China, like China as a whole, suffers from the problem of urban and rural basic medical service facilities being “stronger at the top and weaker at the bottom”, and there is an obvious gap between the basic medical facilities in towns and those in central cities, so that the needs of the population of rural areas for access to medical care in the immediate vicinity cannot be effectively guaranteed, thus restricting the agglomeration of the population of the county and the development of rural revitalization.

X7 has the strongest effect on the level of development of rural revitalization, with a regression coefficient of 0.566. Since 2017, as China's overall urban and rural education resources have been adjusted to equalize, education facilities in counties in Northeast China have been gradually improved. Towns in the county have become an important educational choice for rural families due to smaller cultural differences between them and the rural areas as well as lower education costs, and the migration of rural school-age populations and family escorts to nearby towns in Northeast China has become the main mode of county urbanization in the context of weak industrial pull.



4.3 Spatial differentiation of the impact effect of county urbanization on rural revitalization in Northeast China

Although the OLS regression model can identify the main influencing factors of county urbanization on rural revitalization in Northeast China, it is difficult to capture the spatial and temporal characteristics of the role of each factor on rural revitalization, which is of little significance in guiding the choice of differentiated county urbanization development paths. Therefore, the GTWR model was used to develop the analysis of spatio-temporal heterogeneity of the main influence factors of county urbanization on rural revitalization in Northeast China, as shown in Table 4, the analytical R2 of the GTWR model and the corrected R2 are both higher than 0.95, and the goodness of fit indicates that the model has a better explanatory effect.

TABLE 4  Parameters related to GTWR.


	Model parameter
	Bandwidth
	Sigma
	Residual Squares
	AICc
	R2
	Adjusted R2
	Spatio-temporal Distance Ratio





	Numerical
	0.4481
	0.3379
	1.3065
	−4220
	0.9603
	0.9600
	3.7073






Spatio-temporal divergence in the impact of the proportion of resident population in towns of the county (Figure 7). From 2013 to 2020, the proportion of urban resident population in the counties of the Northeast China always be at a low level below 0.15, with a spatial shift from “high in the north and low in the south” to “high in the south and low in the north”. In 2013 and 2017, the indicator had a negative effect on rural revitalization in most counties in Northeast China, and only in 2020 did it show a more pronounced positive boost to rural revitalization in the southern counties. Because of the inherent lack of development of small towns in the counties of Northeast China, the strength of the prefecture central city to which each county belongs has a significant impact on the changes in this indicator and its impact effects. Cities in the northern part of Northeast China lack resources and industrial support are far away from mega-cities or city clusters, and are weak in driving the peripheral counties, with the proportion of urban resident population in the counties declining, and the impact on rural revitalization diminishing; while the southern Northeast China, the mid-southern Liaoning urban agglomeration and the central part of Jilin are densely populated with large and medium-sized cities, and after the strategy of “integration of urban and rural areas” was put forward in 2017, the population of the counties in the southern part of Northeast China increased with the driving force of the central city, and the push for rural revitalization was also strengthened accordingly.


[image: Six maps display regional data variations for the years 2013, 2017, and 2020, divided into two groups. The top row indicates range values from 0.0096 to 0.1428, and the bottom row ranges from -0.0188 to 0.0191. Each map uses a gradient color scale to represent numerical data across regions, with a north arrow and a 200 km scale bar for reference.]
FIGURE 7
 Spatio-temporal distribution of the proportion of urban resident population in counties in Northeast China and spatio-temporal differentiation of its impact on rural revitalization.


Spatio-temporal divergence in the effect of the proportion of secondary industry output in counties (Figure 8). The industrial development of counties in Northeast China is dominated by the agricultural products processing industry, and a few counties around the big cities can undertake a certain amount of pharmaceuticals, petroleum, auto parts and other specialty processing industries. In 2013, except for the proportion of secondary industry in the counties along the border zone in northern Heilongjiang, which was significantly lower than the regional average, the agricultural product processing industry in the rest of the counties developed accordingly during the first phase of the strategy of revitalizing Northeast China, and the counties with a strong impact on rural revitalization by this indicator were located in the Harbin-Daqing-Qiqihar industrial corridor, which was the key focus of Heilongjiang Province at that time. In 2017, county industries in Northeast China began to contract due to the impact of the region-wide economic decline, counties in the Harbin-Daqing-Qiqihar region with the sluggish dairy industry has weakened the drive to rural development, and specialty agricultural product processing in the Daxing'anling, Sanjiang Plain, and the West Liaoning Corridor counties retained some influence on rural development. In 2020, with the spatial development of large cities in Northeast China from agglomeration to diffusion, industrial strength of counties in central Jilin Province and mid-southern Liaoning Province is the strongest, and its ability to drive the development of the periphery rural areas is relatively obvious; In Harbin city, where is in the northern part of Northeast China, industrial bearer space is relatively sufficient due to the withdrawal of the counties into the district, lead to the industrial radiation to the periphery counties is weak, and rural areas are also less driven by county secondary industry.


[image: Two rows of side-by-side thematic maps show regional data for the years 2013, 2017, and 2020. The top row maps use a gradient from light to dark red to indicate increasing values, with varying classifications in each year. Legends detail the value ranges. Each map includes a scale and north arrow. The bottom row similarly uses red shades to indicate data differences across regions, with legends and scales consistent with the top row. The maps suggest changes over time, emphasizing regional variations.]
FIGURE 8
 Spatio-temporal distribution of the proportion of secondary industry output value in counties in Northeast China and its spatio-temporal differentiation on the impact of rural revitalization.


Spatio-temporal divergence in the impact of the proportion of county tertiary sector output (Figure 9). The tertiary industry in counties in Northeast China is mainly commercial services and tourism. From 2013 to 2020, counties with higher values of this indicator are mainly distributed in the Harbin-Changchun urban agglomeration and mid-southern Liaoning urban agglomeration, and counties with a stronger impact on rural revitalization are also gradually clustered from the northern part of the Northeast China to the two major urban agglomerations. The reason for this is that the strength of the prefecture-level centers in the northern part of Northeast China is weak, the spatial deprivation to the county is not strong, and the centrality function of towns in the county has been brought into play to a certain extent; while the towns in the southern part of Northeast China, despite having a certain degree of service capacity, have been inhibited by the prefecture-level centers in terms of their radiation-driven role in the rural areas. In recent years, the two major urban agglomerations, as pioneering spaces for “urban-rural integration” in Northeast China, have promoted the coordination and interaction of towns in the counties and prefecture centers within the urban agglomerations, and the impact of the service capacity of the towns in counties on the development of the rural areas has been gradually strengthened.


[image: Two sets of maps show regional changes in statistical data for the years 2013, 2017, and 2020, using shades of red. The top row depicts one dataset with a color scale ranging from light to dark red, varying by year. The bottom row illustrates another dataset, also ranging from light to dark red. Each map includes a scale bar and north arrow.]
FIGURE 9
 Spatial distribution of the proportion of tertiary industry output value in Northeastern China counties and spatial-temporal differences of its impact on rural revitalization.


Spatial and temporal variability in the impact of the number of medical system beds per 1,000 population in a county (Figure 10). Between 2013 and 2020, county healthcare in Northeast China showed a low level of slow growth, but the spatial distribution was always relatively balanced. During the study period, the impact of medical level on rural revitalization was negative in most counties in Northeast China, and the spatial pattern changed from “high in the south and low in the north” to “high in the north and low in the south”. The reason is that the southern counties in Northeast China are generally closer to the central city, and the medical functions of towns in the county are seriously diverted by the central city; while the density of towns in the northern part of Heilongjiang Province is lower, and most of the towns are farther away from the central city, the medical functions of the counties have been brought into play to a certain extent, and the impetus for the rural revitalization is relatively obvious.


[image: Six maps depicting regional changes from 2013 to 2020. The top row shows three maps with varying shades indicating changes, with darker shades representing greater values. The bottom row presents similarly colored maps for the same years, suggesting a different measurement scale. Legends provide numerical ranges corresponding to the color gradients. Both rows show geographical outlines with directional arrows and distance scales.]
FIGURE 10
 Spatial and temporal distribution of medical system beds per 1,000 population in counties in Northeast China and spatial-temporal variations of its impact on rural revitalization.


Spatial and temporal variability in the impact of the number of students enrolled in general elementary and secondary schools (Figure 11). From 2013 to 2020, the education scale of counties in Northeast China has the strongest impact on rural revitalization, and spatially it always maintains the basic characteristics of Harbin-Changchun and mid-southern Liaoning urban agglomerations as the core, which presenting a “center-periphery” pattern. The impact of this indicator on rural revitalization in Northeast China has gradually shifted from “high in the north and low in the south” to “balanced in the north and south”, which is clearly related to the influence of prefecture-level central cities; prefecture-level cities in the southern part of the Northeast China have shifted their role from deprivation to driving of the peripheral counties, which has led to the increasing impact of county educational resources on rural revitalization. And in the northern part of Northeast China, the weakness of the prefecture-level cities has given the counties some room for development, as a result, the effect of this indicator is always obvious.


[image: Figure 11]
FIGURE 11
 Spatial distribution of the number of students enrolled in general primary and secondary schools in northeastern counties of China and spatial-temporal variations of its impact on rural revitalization.





5 Conclusion and discussion


5.1 Conclusion

(1) From 2013 to 2020, the urbanization of counties in Northeast China showed a low level of fluctuation and a downward trend, with its average value decreasing from 0.343 to 0.322, and spatially it has been showing a relatively stable pattern of “high in the south and low in the north”, but the gap between the north and the south has been narrowing; Rural revitalization in Northeast China shows a low and slow upward trend, with the average value rising from 0.316 to 0.345, and a spatial pattern of “center-periphery”, with Harbin-Changchun and mid-southern Liaoning urban agglomerations being the high-value areas for rural development. A statistical descriptive analysis of county urbanization and rural revitalization in Northeast China reveals that the two have maintained synchronous development in most counties, indicating that county urbanization does play a role in rural revitalization.

(2) The results of OLS regression analysis show that the impact of county urbanization on rural revitalization in Northeast China is weak, the population size of county town (X1) and the density of towns in the county (X5) do not pass the test of significance, and the low agglomeration capacity of county towns and the small number of designated towns are the key constraints on the development of county urbanization and its rural revitalization effect. Five indicators, including the proportion of county urban resident population (X2), the proportion of county secondary industry output value (X3), the proportion of county tertiary industry output value (X4), the number of medical system beds per 1,000 people in the county (X6), and the number of students enrolled in general primary and secondary schools (X7), are the main influencing factors of the role of county urbanization on rural revitalization in Northeast China, but the average regression coefficient of the five indicators on rural revitalization is 0.142, the driving effect of county urbanization on rural revitalization in Northeast China needs to be improved urgently.

(3) There is spatial differentiation in the intensity of the role of the main influences of county urbanization on rural revitalization in Northeast China. The impact of the two indicators, namely the proportion of county urban resident population and the proportion of county secondary industry output value, shows a clear pattern or development trend of “high in the south and low in the north”; the high impact intensity of the county's share of tertiary sector output is gradually clustered toward the two major urban agglomerations; the influence pattern of the level of medical care in the county has changed from “high in the south and low in the north” to “high in the north and low in the south”; the pattern of influence on the level of education in the county has gradually evolved from a pattern of “low in the south and high in the north” to “balanced in the north and south”. The spatial and temporal differences in the intensity of the role of main indicators of county urbanization are clearly associated with the strength of the radiation capacity of prefecture-level central cities.



5.2 Discussion

(1) Attaching importance to the role and status of small towns in the process of urbanization is an inevitable choice to promote the modernization and transformation of villages and to narrow the gap between urban and rural areas, and there is a serious lack of research on small towns and rural development, despite the fact that the majority of developing countries are facing varying degrees of rural development dilemmas. China's county urbanization is essentially an urbanization pattern dominated by small towns. Taking the 143 counties in Northeast China as an example, research on the impact effect of county urbanization on rural revitalization will not only provide theoretical research results on the interrelationships between small towns and villages in developing countries, but also provide practical guidance for the healthy development of urbanization in China's counties and the smooth promotion of rural revitalization.

(2) According to the temporal and spatial characteristics of the impact effect of county urbanization on rural revitalization in Northeast China, it is necessary to accelerate the construction of county urbanization in many ways in order to give full play to its positive effect on rural revitalization. First of all, to improve the function of towns in Northeast China, we should fully consider the multi-scale nested characteristics of the urban-rural system, in particular, we should consider the functional coordination between prefecture-level cities and towns in the county under the “city administered county” system. For example, for large-scale prefecture-level cities, the focus of the administrative management on the peripheral counties is to strengthen the radiation drive; for small-scale prefecture-level cities, the focus of the administrative management over the peripheral counties is to weaken the deprivation. Secondly, the focus is on accelerating the construction of the carrier functions of various types of towns in the counties of the Northeast China, and strengthening the service capacity in such areas as medical care and commerce, especially in the county towns, which should attract the rural population to gather through the strengthening of their functions. Thirdly, the county industrial strength enhancement is the core to drive rural revitalization, located in the two major urban agglomerations, the county should be with the central city to build a metropolitan area, cultivate towns in the county to become the core of the development of modern industry space; located in the peripheral areas, the county can rely on the county industrial zone and key townships to construct large-scale processing zones of agricultural products. The counties that have the conditions are encouraged to cooperate with provincial and national development zones to build county industrial parks in order to realize the leapfrog development of county industry, and the township centralized industrial zones are organized in the way of spatial agglomeration of enterprises and industrial clusters to form new industrial zones, and the main features of the new industrial zones in the townships should be based on the grain-producing to promote the internal transfer of the county's rural labor force. Fourthly, counties in Northeast China should take rural tourism, leisure agriculture, and rural e-commerce as entry points, construct urban and rural service industry chains reasonably, and bring the driving force of the tertiary industry on the rural areas into play effectively.

(3) There are some shortcomings in the research of this paper. The GTWR model is used to analyze the driving force of the impact of county urbanization on rural revitalization in Northeast China, but the application of this method requires in-depth research on the determination of the two-dimensional coordinates of the research unit, the setting of the parameter ratios of the time and spatial dimensions, the optimization of the model bandwidth, and the selection of the time-step unit. Only the effect of each indicator of county urbanization on the rural system as a whole was analyzed, without going deeper into the level of each indicator of the rural system. In addition, limited to the difficulty of data acquisition and processing, Northeast China was chosen as the case area to refract the characteristics of county urbanization and rural revitalization in the whole country, and it is necessary to expand the study area to the whole country in the follow-up study.
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