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Abstract

:

Rural China has undergone a rapid transformation in the past few decades, especially the poverty-stricken areas, making a historic leap from inadequate subsistence to full well-off status. Based on rural regional system theory, this study analyzes the connotation of rural transformation development (RTD), explores the spatio-temporal patterns of RTD in the Yanshan-Taihang Mountainous, and diagnoses its influencing factors using a geographically and temporally weighted regression model. The results show that RTD is a dynamic process of qualitative changes in rural regional systems based on the accumulation of quantitative changes of elements, and the key to its measurement lies in analyzing the coupling coordination degree between quantitative changes of elements. From 2000 to 2020, the rapid development of urban population share, non-agricultural industry share, construction land share and NDVI in the Yanshan-Taihang Mountains contributed to a leap in RTD status, and the proportion of counties in a coupling coordination state increased from 24.24% to 96.97%. Spatially, the RTD level in the Taihang Mountains was significantly superior to that in the Yanshan Mountains. Average years of schooling, road density, per capita GDP and urban–rural dual structure were the main influencing factors of RTD, of which the first three were positive factors and the last one presented a negative correlation. To promote RTD to a higher level, it is an urgent matter to boost the high-quality development of county economy and rural education, improve public transportation infrastructure and innovate the policy system.
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1. Introduction


The countryside is a geographical complex with natural and human characteristics and multiple functions such as production, living, ecology and culture outside the built-up urban areas [1,2]. Since the 1950s, the continuous advancement of globalization as well as the rapid development of industrialization and urbanization have driven rural transformation from production-based to consumption-based, and then to multifunctional and globalized-based [3]. During this process, the characteristics and functions of rural areas have changed dramatically. Meanwhile, international research on rural transformation development (RTD) has shown a clear divergence. One is to continue the previous framework of political economy, that is, exploring rural areas from a political–economic perspective and policy framework and analyzing the influences of policy adjustments on RTD [4]. The other is to redefine the spatial composition and values of rural areas, advocating themes such as pastoralism, post-ruralism, multifunctionality and gentrification [5,6], and to shift the understanding of rural areas from a physical to a socially constructed theory. Essentially, RTD refers to the changes in rural socio-economic forms and rural spatial reconstruction under the combined effects of internal and external forces, and the core lies in the transformation of industrial–agricultural and urban–rural relations [7,8]. Due to the mutagenicity of RTD, it has a profound impact on national food security, farmers’ income increases and social equality (especially poverty alleviation).



China is a developing country with a long history of farming and a large rural population [9,10]. During the various historical periods of China’s revolution, construction and reform, promoting RTD has been an important mainline of national economic and social development [11]. The introduction of a series of policies to support agricultural and rural development has enabled rural China to achieve world-renowned achievements, realizing a historical leap from national liberation to getting rid of poverty and then to a well-off society in an all-round way [12]. Therefore, transformation is one of the most prominent features of China’s rural development in the past few decades, and it is also the core issue of China’s rural development in the current and future period [7,11].



The spatial carrier of rural development is the rural regional system [13,14]. Therefore, RTD is a complex process involving elemental changes, structural adjustment and functional transformation of rural regional system, in which elemental changes cause the structural adjustment of the system, and structural adjustment determines the transformation of the overall function and state of the system [2,7,13]. Meanwhile, the spatial heterogeneity of physical geography and regional imbalance of socioeconomics determine the complexity and diversity of RTD patterns and types [15]. Due to the important roles of population, land and industry in rural development, most studies on China’s RTD focus on demographic transition [16,17], industrial transition [18,19,20,21] and land use transition [22,23,24], aiming to reveal the general characteristics of the evolution of rural regional system through the analysis of elemental changes. Given the complexity of RTD, comprehensive indexes such as rurality [25,26], rural development level [8] and rural multifunctional index [14,27] measure the status of RTD from multiple dimensions. Additionally, analytical frameworks such as vulnerability and resilience have also been employed to analyze the level and status of RTD across time and space [28,29].



Since entering the 21st century, China has actively promoted the implementation of major strategies such as the new socialist countryside construction and targeted poverty alleviation, especially the latter, which has completely solved the long-standing problem of absolute poverty in rural Central and Western China [12,30]. For the poverty-stricken areas, getting rid of poverty is the biggest transformation of their development. In line with the current shift of China’s rural development focus from poverty alleviation to rural revitalization [31], an in-depth analysis of the regional differences and influencing factors of RTD in typical poverty-stricken areas is of great significance in guiding China’s poverty-stricken areas to consolidate and expand antipoverty achievements and comprehensively promote rural revitalization. On the other hand, the global antipoverty process has suffered a setback for the first time in over 20 years due to multiple challenges such as the COVID-19 pandemic, climate change and geopolitical conflicts [32,33]. If the current trends continue, nearly 7% of the world’s population, or nearly 600 million people, will still be struggling in extreme poverty by 2030 [34,35]. China is the first developing country in the world to achieve UN Sustainable Development Goal (SDG) 1 [31]. The study of antipoverty practices in China’s typical poverty-stricken areas will help summarize antipoverty experiences and contribute Chinese wisdom to global poverty alleviation, thereby supporting the timely achievement of the 2030 SDGs.



Following the introduction, Section 2 constructs a cognitive framework of RTD, selects targeted indicators to feature RTD, and develops a model to diagnose the factors influencing the regional divergence of RTD. Section 3 briefly introduces the study area and the data used in this study. Section 4 presents the spatial and temporal patterns of RTD in the Yanshan-Taihang Mountains from 2000 to 2020 and identifies the influencing factors of RTD using the geographically and temporally weighted regression (GTWR) model. Section 5 re-examines RTD and its influencing factors and explores key measures for rural revitalization in the Yanshan-Taihang Mountains and the implications of this study for global poverty alleviation and development. Conclusions are drawn in Section 6.




2. Theory and Methodology


2.1. Theoretical Framework


Transformation refers to the process of fundamental changes in the way things operate and the form of their structures, reflecting the change of things from one qualitative state to another. From the perspective of dialectical materialism, this transformation is also known as qualitative change, and is one of the basic states of the movement of things [36]. Another state of the movement of things corresponding to it is quantitative change, which reveals the increase/decrease in the number of things, the adjustment of places and the changes in the arrangement of various components within things. In essence, quantitative change is a continuous, universal, inconspicuous, gradual and objective change [37,38]. When the accumulated quantitative change does not exceed a specific threshold, it does not change the nature of things; while when it exceeds this threshold, it triggers a change in the nature of things. Generally, the development of things begins with quantitative change, which is the premise of qualitative change, and qualitative change is the result of quantitative change. Meanwhile, qualitative change opens the way for new quantitative change, making things start new quantitative change on the basis of qualitative change. In this way, things continue to develop from a low to a high level, promoting the emergence of new things and the demise of old things.



The rural regional system is a spatial system with a certain structure, function, and inter-regional connection, which is composed of human, economic, resource and environmental elements [15]. Among them, human elements mainly refer to social matters closely related to human development; economic elements mainly refer to various economic activities in rural areas; resource elements mainly refer to water, land, atmosphere, and other natural resources that can be developed and used by human beings; and environmental elements mainly refer to the earth’s surface environment composed of the atmosphere, hydrosphere, lithosphere, biosphere, etc. The changes in the elements within the system constitute the initial dynamics of RTD [7]. They are linked through material circulation, energy conversion and information transmission, and constantly interact with external systems, allowing rural regional system to evolve from simple to complex. In this process, the organizational structure and operational mode of rural regional system are also constantly improved, promoting the evolution of system function and state. Poverty is a state presented by element shortages and structural imbalances in rural regional system, and the purpose of poverty alleviation is to improve the function and state of rural regional system through targeted measures to compensate for element shortages and optimize structural organization [39]. When compensating for shortcomings in the period of quantitative change, rural areas are still in poverty; only when the optimization and adjustment of the system makes rural socio-economic development reach a certain level can poverty-stricken areas get rid of poverty. With the improvement in sustainable development capability, poverty-stricken areas can achieve the goal of eliminating absolute poverty and gradually transform to the stage of affluence (Figure 1).



RTD reveals the dynamic process of qualitative changes based on accumulated quantitative changes in the rural regional system. Therefore, to scientifically understand RTD, the core is to analyze the changes in system function and state based on the changes in system element, where the changes in elements reveal the quantitative changes of the system, the evolution of the function and state reflects the qualitative changes of the system, and the key to bridging the change of element and the evolution of function and state is the optimization and adjustment of system structure.




2.2. Research Methods


2.2.1. Measurement of RTD


According to the theoretical understanding of RTD, the development of human, economic, resource and environmental elements in rural regional system is the quantitative change process of RTD. Based on the availability of data and drawing on existing studies [7,8,40,41,42], the urban population share, non-agricultural industry ratio, construction land share and normalized difference vegetation index (NDVI) are employed to represent the changes of human, economic, resource and environmental elements in rural regional system, respectively, thereby revealing the quantitative changes of rural regional system (Table 1). In terms of the connotation of each indicator, they are all positive, i.e., the higher their values, the more quantitative changes RTD accumulates, and the easier it is for the function of the rural regional system to leap forward and achieve qualitative changes.



Systems theory suggests that the function and state of a system depend not only on the number of elements, but also on the structural organization formed by the interaction between elements [43]. Therefore, this study uses the coupling coordination degree between elements to characterize the function and state of rural regional system and reveal the qualitative changes of rural regional system, i.e., the RTD level at a certain point in time. In general, the coupling coordination degree is calculated as follows:


   D  i t   =    T     i t     ×  C     i t       =    (  a H u  m  i t   + b E c o  n  i t   + c R e  s  i t   + d E n  v  i t    )  ×  (  4 ×     H u  m  i t   × E c o  n  i t   × R e  s  i t   × E n  v  i t    4    H u  m  i t   + E c o  n  i t   + R e  s  i t   + E n  v  i t      )     



(1)




where Dit is the coupling coordination degree of human (Hum), economic (Econ), resource (Res) and environmental (Env) elements of the rural regional system i in period t; Cit and Tit are the coupling degree and comprehensive coordination index of the four elements in the rural regional system, respectively; and a, b, c and d are the weights of human, economic, resource and environmental elements in the rural regional system, respectively. The weight values obtained with the combined Delphi method [44] and entropy weight method [45] are 0.3259, 0.2155, 0.2447 and 0.2139, respectively. Additionally, the RTD state characterized by the coupling coordination degree of elements can be divided into eight levels: severe disorder (0.00~0.20), moderate disorder (0.21~0.30), mild disorder (0.31~0.40), imminent disorder (0.41~0.50), barely coupling coordination (0.51~0.60), primary coupling coordination (0.61~0.70), intermediate coupling coordination (0.71~0.80) and advanced coupling coordination (0.81~1.00).




2.2.2. Pre-Section of Influencing Factors and Model Construction


The dynamics of rural development has been at the core of research on issues concerning agriculture, rural areas and farmers. Since the 1950s, classical rural development theories such as exogenous rural development theory, endogenous rural development theory and comprehensive rural development theory have been developed [46,47]. Exogenous rural development theory places rural areas in the macro context of regional socioeconomic development and argues that regional industrialization and urbanization can affect rural development through the spillover of their polarization effects, thus realizing “top-down” rural development [48]. Endogenous rural development theory focuses on the natural resources and human elements of rural areas and believes that the potential of rural resources can be fully explored through appropriate methods to achieve “bottom-up” rural development [49]. Comprehensive rural development theory overcomes the deficiencies of the previous two theories by focusing on the linkage and balance of internal and external factors in rural areas and pointing out that rural development is the result of a combination of local endogenous forces and external driving forces [50,51].



Essentially, RTD is the result of the interaction between the internal and external subsystems of rural regional system. The key to the former lies in the strength of rural self-development capabilities, while the latter mainly depends on regional industrialization and urbanization [52,53]. Based on data availability and a review of existing studies [8,52,54,55], four variables, namely average altitude, per capita farmland area, average years of schooling, and road density, were selected to feature the level of rural self-development capacity, and four variables, namely, per capita GDP, level of agricultural mechanization, per capita income of rural households, and urban–rural dual structure, were employed to characterize the development of regional industrialization and urbanization (Table 2).



Among the commonly used regression models, the ordinary least squares (OLS) model ignores spatial effects, and the geographically weighted regression (GWR) model ignores temporal effects although spatial effects are considered. Therefore, the estimation results of these models are biased. Based on the GWR model, Huang et al. [56] proposed the GTWR model, which takes both temporal and spatial effects into consideration, making the model estimation results more accurate and providing an analytical basis for dealing with spatio-temporal non-stationarity. Here, the GTWR model is employed to explore the factors influencing RTD in the Yanshan-Taihang Mountains from 2000 to 2020, and its expression is as follows:


   y i  =  β 0   (   μ i  ,  v i  ,  t i   )  +   ∑  k = 1  p    β k   (   μ i  ,  v i  ,  t i   )   x  i k   +  ε i     



(2)




where yi is the RTD level of county i; xik is the value of the kth independent variable of county i; ui and vi are the longitude and latitude of the center of gravity, respectively; ti is the time sequence; β0 (ui, vi, ti) is the regression constant, which is also the intercept of the GTWR model; βk (ui, vi, ti) is the kth regression coefficient; p is the total number of explanatory variables; and εi is the residual term of the model.






3. Study Area and Data Sources


3.1. Study Area


The Yanshan-Taihang Mountains are located in the hinterland of the Yanshan and Taihang Mountains, with a total area of 93,000 km2 (Figure 2). In terms of administrative division, it covers 33 counties in Hebei, Shanxi and Inner Mongolia, including 25 old revolutionary counties and 5 ethnic autonomous counties. Due to the constraints such as fragile ecology, poor infrastructure and frequent disasters, poverty has long been a prominent problem and challenge for rural development in the Yanshan-Taihang Mountains. If calculated at the constant price of 2300 yuan in 2010, the rural poverty-stricken population in the Yanshan-Taihang Mountains reached 2.19 million in 2013, with a poverty incidence of 31.58%. Generally, rural poverty in this region presents the main characteristics of large amount, wide distribution, deep degree and difficulty in poverty alleviation [57]. Over the past decades, the Yanshan-Taihang Mountains have actively promoted poverty alleviation and development based on rapid economic development and continuous policy investment. In 2020, the elimination of absolute poverty in the rural Yanshan-Taihang Mountains indicated that rural development in this region has entered a new stage of consolidating and expanding antipoverty achievements and comprehensively promoting rural revitalization.




3.2. Data Sources and Processing


This study takes a county as the basic spatial analysis unit. The administrative division data come from the National Geomatics Center of China (http://www.ngcc.cn/ngcc/) (accessed on 15 June 2022), and the DEM, NDVI and land use data are downloaded from the Resource and Environment Science and Data Center (https://www.resdc.cn/) (accessed on 15 June 2022). Socioeconomic data were collected from the China County Statistical Yearbook, China Statistical Yearbook for Regional Economy, Hebei Economic Yearbook, Shanxi Statistical Yearbook, Inner Mongolia Statistical Yearbook, and the statistical bulletins on national economic and social development of each county. Population data are obtained from tabulation on the 2000 and 2010 population census of the People’s Republic of China by county, and the main data bulletins of the seventh census of each county. In terms of the missing data, they are replaced by the data of adjacent years or the average of prefecture-level municipalities. Table 3 presents statistics of the indicators measuring RTD level and the pre-selected influencing factors. To eliminate the influence of dimensional differences on RTD level, the max–min normalization method is employed to standardize each indicator. Additionally, all data were treated as a whole and then further analyzed by year to achieve comparable results across years.





4. Empirical Results


4.1. Spatio-Temporal Patterns of RTD in Yanshan-Taihang Mountains


4.1.1. Spatio-Temporal Patterns of Quantitative Changes


Using the four indicators of urban population share, non-agricultural industry share, construction land share and NDVI, the evolution of rural human, economic, resource and environmental elements of the Yanshan-Taihang Mountains from 2000 and 2020 is revealed to feature the quantitative changes of RTD.



(1) Urban population share



In 2000, the urban population share in the Yanshan-Taihang Mountains was generally at a low level, with most counties having a ratio of less than 20% and relatively high-value counties being scattered (Figure 3a). In 2010, the urban population share increased rapidly, with relatively high-value counties mainly located in Zhangjiakou (Figure 3e). In 2020, only Guangling, Linqiu, Tangxian and Longhua had a ratio below 40%, and the relatively high-value counties concentrated on the Hebei side of Taihang Mountains (Figure 3i). In terms of changes, most counties had higher increases in 2010–2020 than in 2000–2010. Spatially, counties with small increases were mainly distributed in the Yanshan Mountains, and counties with large increases were mainly distributed in Hebei; the highest average increase was in Hebei, and the lowest was in Shanxi (Figure 3m).



(2) Non-agricultural industry share



In the three selected time sections, the non-agricultural industry share in the counties of the Taihang Mountains was generally higher than that in the Yanshan Mountains. Specifically, the county non-agricultural industry share in 2000 and 2010 showed a decreasing trend from east to west and from south to north (Figure 3e,f). In 2020, the decreasing trend in this ratio from south to north was still obvious, but the feature of decreasing from east to west was not obvious (Figure 3j). From 2000 to 2020, counties with negative growth in the non-agricultural industry share were mainly distributed in the Yanshan Mountains, especially Weichang, Pingquan and Chengde, with a decline of more than 12 percentage points; the increase in the non-agricultural industry share in the Taihang Mountains generally showed a gradual upward trend from south to north (Figure 3n).



(3) Construction land share



Due to the location in mountainous areas and the positioning of national key ecological function zone, most counties in the Yanshan-Taihang Mountains ran at a low construction land share, and only a few counties located in the transition zone from the Taihang Mountains to the North China Plain had a relatively high construction land share. Specifically, the county construction land share showed an increasing trend from east to west and from south to north in 2000, 2010 and 2020, and the low-value counties were concentrated in the Yanshan Mountains and the deep Taihang Mountains (Figure 3c,g,k). The increase in the county construction land share in the Yanshan Mountains was generally small, while the Taihang Mountains presented a spatial characteristic of being smaller in the east than in the west, i.e., the county increase in Hebei was generally smaller than that in Shanxi and Inner Mongolia (Figure 3o).



(4) NDVI



As an important ecological security barrier in the Beijing–Tianjin–Hebei region, the NDVI of the study area has been at a relatively high level for a long time. Spatially, the county NDVI in 2000, 2010 and 2020 showed a decreasing from east to west and from north to south (Figure 3d,h,l). In terms of changes, the increase in NDVI in the Yanshan Mountains was significantly greater than that in the Taihang Mountains; except for the counties in Inner Mongolia, the increase in NDVI generally shows a divergence of increasing from south to north (Figure 3p).




4.1.2. Spatial and Temporal Patterns of RTD


Using Equation (1), this study measures the coupling coordination degree among the elements of rural regional system in each county, thus revealing RTD level in the Yanshan-Taihang Mountains from 2000 to 2020 (Figure 4). In 2000, RTD in most counties was in a disorderly state, accounting for 75.76% of the total. Therefore, rural development in the Yanshan-Taihang Mountains generally faced problems such as insufficient endogenous power, fragile ecological environment and prominent urban–rural dual structure, which determined the prevalence of rural poverty. In 2010, most counties achieved a leap in RTD status, and the ratio of counties in the state of barely and primary coupling coordination increased from 24.24% in 2000 to 84.85%. With the victory in the decisive fight against poverty, most counties in the Yanshan-Taihang Mountains reached a RTD state of coupling coordination in 2020, especially in Xuanhua and Wangdu, where RTD entered a state of advanced coupling coordination. Spatially, in 2000, the state of county RTD in the south of the study area was significantly better than that in the north; in 2010 and 2020, the county RTD showed a similar spatial pattern, i.e., RTD in the Taihang Mountains generally outperformed that in the Yanshan Mountains.



In terms of the changes in RTD level from 2000 to 2020, all counties in the Yanshan-Taihang Mountains, except Weichang, achieved a leap in RTD level (Table 4). Specifically, the number of counties with an RTD level upgraded from imminent disorder to primary coupling coordination was the largest at seven, followed by six counties with an RTD level upgraded from imminent disorder to intermediate coupling coordination. The number of counties that upgraded from mild disorder to primary coupling coordination and from barely coupling coordination to intermediate coupling coordination was both four, and the number of counties with other state transitions did not exceed three.



Further, Geoda was employed to analyze the spatial characteristics of county RTD level in the Yanshan-Taihang Mountains. In 2000, 2010 and 2020, the global Moran’s I of county RTD level was 0.154, 0.269 and 0.489, respectively, indicating a positive spatial correlation of RTD, and this correlation showed an increasing evolutionary trend. The Moran scatterplot showed that the number of counties in the first quadrant (high-value counties surrounded by high-value counties) decreased from 18 in 2000 to 13 in 2010 and further to 11 in 2020; the number of counties in the third quadrant (low-value counties surrounded by low-value counties) increased from 6 in 2000 to 10 in 2010 and further to 14 in 2020; the number of counties in the second quadrant (low-value counties surrounded by high-value counties) was 4, 5 and 2 in 2000, 2010 and 2020, respectively; and the number of counties in the fourth quadrant (high-value counties surrounded by low-value counties) was 5 in both 2000 and 2010, increasing to 6 in 2020 (Figure 5). In general, nearly 70% of the counties were distributed in the first and third quadrants, indicating that most counties had similar RTD level to their neighboring counties during the study period.





4.2. Factors Influencing RTD in Yanshan-Taihang Mountains


Due to the large values of average altitude, per capita GDP and per capita income of rural households, the logarithmic operation of the three independent variables was performed to facilitate calculation. Meanwhile, the data were diagnosed for multicollinearity using SPSS 23.0. The results showed that after excluding the variable of per capita income of rural households, the variance inflation coefficients of the remaining independent variables were less than 10, and the tolerance was greater than 0.10, indicating that there was no significant collinearity among the remaining independent variables and can be used for model fitting analysis. Additionally, the key parameters of the GTWR and OLS model regression were given in Table 5. According to the Akaike information criterion (AIC) and R2, the GTWR model significantly outperforms the OLS model, i.e., the GTWR model can better reveal the influence of the pre-selected independent variables on RTD.



As can be seen from Figure 6, there were significant regional differences in the effects of the remaining seven independent variables on RTD of the Yanshan-Taihang Mountains.



	(1)

	
Average altitude (altitude). Most counties had a negative effect of average elevation on RTD, but only a few counties passed the significance test. Especially in 2020, all counties failed the 10% significance test. The main reason for this was that the development of productivity made the role of natural conditions in RTD insignificant.




	(2)

	
Per capita farmland area (farm). In 2000 and 2010, the effect of per capita farmland area on RTD was mainly negative, and the counties in the western Yanshan Mountains and northern Taihang Mountains both passed the significance test. In 2020, the impact of per capita farmland area was mainly positive, with few counties passing the significance test, concentrated in eastern Yanshan Mountains. This change reflects the diminishing role of natural factors in human activities as productivity develops.




	(3)

	
Average years of schooling (school). The effect of average years of schooling on RTD was positive, and the counties passing the significance test in 2000 and 2010 were mainly distributed in the central and southern Taihang Mountains, and most counties in the Yanshan-Taihang Mountains passed the significance test in 2020. The average years of schooling reflect the accumulation of human capital in rural areas, and its role in RTD is becoming increasingly prominent.




	(4)

	
Road density (road). The effect of road density on RTD was mainly positive, but only a few counties passed the significance test, mainly concentrated in the Yanshan Mountains. This was mainly because there were many cross-border roads distributed in the Taihang Mountains, which did not have a significant driving effect on RTD; while the roads in the Yanshan Mountains better played their tandem role to promote RTD.




	(5)

	
Per capita GDP (pgdp). The effect of per capita GDP on RTD was mainly positive, and most counties passed the significance test, indicating that the county economy was an important support for RTD. Specifically, the impact of per capita GDP on RTD in 2000 was significantly positive in most counties except for those in the eastern Yanshan Mountains and southern Taihang Mountains; in 2010 and 2020, the counties with significantly positive effects were mainly located in the Taihang Mountains.




	(6)

	
Level of agricultural mechanization (mecha). The effect of the level of agricultural mechanization on RTD was mainly negative, but the counties whose effects passed the significance test were concentrated in 2000, and all counties failed the significance test in 2010 and 2020. This was mainly due to the declining share of agriculture in rural economy caused by the restructuring of rural industrial during rapid industrialization and urbanization, which in turn led to an increasingly insignificant role of agriculture in RTD.







	(7)

	
Urban–rural dual structure (dual). The effect of urban–rural dual structure on RTD was negative, and most counties passed the significance test, indicating that the more pronounced the urban–rural dual structure, the lower the RTD level. Spatially, the counties that passed the significance test in 2000 were mainly distributed in the Taihang Mountains, while in 2010 and 2020, they were mainly distributed in the western Yanshan Mountains and northern Taihang Mountains.









5. Discussion


5.1. Reexamining RTD and Its Influencing Factors in Poverty-Stricken Areas


Rural development has its own laws and follows a life cycle of germination, growth, maturity, and decline/leap [58,59]. The first-nature geography, dominated by natural conditions [60], plays a decisive role in the early stages of rural development. Due to the low resource and environmental carrying capacity, conflicts between rural people and environment often arise when the intensity of human activities increases, exacerbating the unsustainability of rural development and rural decline. As rural development level increases, the role of first-nature geography continues to diminish, but its fundamental supporting role remains significant [61]. Correspondingly, the role of second-nature geography, referring to human conditions [60], is increasing, i.e., rural development is shifting from a resource orientation to a knowledge and technology orientation. During this process, many rural populations are transformed into urban populations, the rural industrial structure changes from predominantly agricultural to non-agricultural, and a large amount of agricultural land is transformed into construction land. As a result, rural areas have changed from small to large in both amount and scale.



Sachs [62] once stated that “geography is destiny. If a country is geographically closed, inaccessible, environmentally vulnerable to disease and extreme weather, and has poor soil, it will be poor”. Although this statement has been challenged for overemphasizing the decisive role of natural conditions, it is true that poverty is spatially uneven. In China, most of the poor are distributed in rural areas, especially those with remote location, scarce resources, fragile ecology and poor infrastructure [57,63,64]. Meanwhile, large-scale poverty alleviation and development have led to an increasing concentration of poor people in areas with poor location conditions such as deep rocky mountains, alpine areas and ecologically fragile areas, and the effectiveness of poverty reduction achieved with the same amount of antipoverty resources has also shown a diminishing trend [57].



Escaping poverty is the greatest transformation of rural development in poverty-stricken areas, and it is also a prerequisite for their agricultural and rural modernization. Due to the multidimensional nature of poverty [65], comprehensive measures should be taken to fill the shortcomings and strengthen the weaknesses to enhance the sustainable development capacities of rural areas; on the other hand, regional industrialization and urbanization should be promoted to consolidate the support for rural poverty alleviation and development. Meanwhile, institutional reforms and policy innovations are needed to avoid excluding poor individuals and regions from socio-economic development. Over the past few decades, China’s large-scale poverty alleviation has aimed to ensure that the poor are well fed and clothed, and that their needs for compulsory education, basic healthcare and safe housing are guaranteed. Moreover, the development levels of industrialization and urbanization in poverty-stricken areas are improved to increase support for the poor to escape from poverty and promote the transformation and development of poor villages to a higher level.




5.2. Paths for RTD in Yanshan-Taihang Mountains under the Background of Rural Revitalization


Currently, the Yanshan-Taihang Mountains have achieved the leap from inadequate subsistence to full well-off status. However, the shortcomings of rural development remain prominent, resulting in the persistence of relative poverty and the risk of returning to poverty. With the transformation of China’s principal social contradictions, the rural revitalization strategy has become the general grasp of issues concerning agriculture, rural areas and farmers in the Yanshan-Taihang Mountains. In this context, targeted measures are needed to enhance the sustainable development capacities of rural areas and help modernize agriculture and rural areas and the high-quality rural development in the Yanshan-Taihang Mountains.



First, the development level of rural education needs to be improved. The government should strengthen investment in rural education, especially actively promote the development of “internet + education”, accelerate the digital transformation and intelligent upgrading of rural education, and promote the sharing of high-quality educational resources and the effective matching of educational demand and supply.



Second, the county transportation infrastructure needs to be improved. The government should promote the construction of transportation infrastructure, build a transportation network with clear functions, reasonable layout, and moderate scale, support the extension of industrial chains and the upgrading of value chains, improve the capacity and level of rural roads, and support rural development in the Yanshan-Taihang Mountains.



Third, the level and quality of county economic development need to be improved. The main function assigned by the central government determines that economic development in this region must abandon the traditional development path and rely on its ecological advantages to promote ecological industrialization and industrial ecologization. Meanwhile, it is necessary to actively promote the integrated development of primary, secondary, and tertiary industries, and build a modern industrial system through chain extension, technology penetration and policy innovation.



Fourth, system reform is needed to promote urban–rural integrated development. Focusing on improving the property rights system and optimizing resource allocation, the government should deepen the reform of land and hukou systems and accelerate the construction of mechanism for urban–rural integrated development. Meanwhile, there is an urgent need to actively promote the development of new-type urbanization, with the county-town as the carrier, and give full play to the important role of the county town in connecting cities and serving rural areas.




5.3. Suggestions for Global Poverty Alleviation and Development


Poverty means the lack of livelihood capital, and its accompanying problems such as hunger, disease and social conflict seriously hinder people’s pursuit of a better life. Therefore, poverty eradication is not only a common aspiration of all people, but also an important goal that governments strive to achieve [57,66]. From the Millennium Development Goals (MDGs) in 2000 to the Sustainable Development Goals (SDGs) in 2015, a series of programmatic documents guiding poverty alleviation and development have greatly contributed to the development of poverty-stricken areas and the reduction in the poverty-stricken population. Globally, the proportion of people living in extreme poverty declined from 36% in 1990 to 10% in 2015 [67]. However, global poverty reduction is extremely uneven due to the spatial heterogeneity of locations, with East Asia and the Pacific achieving the most notable success in poverty reduction, especially China, which contributes more than 70% of total global poverty reduction [68,69]. In South Asia and sub-Saharan Africa, factors such as conflict, a lack of natural resources, being deep inland and surrounded by hostile neighbors, and poor governance have contributed to the large number of poverty-stricken population and the slow process of poverty reduction in these regions [70]. Moreover, the COVID-19 pandemic has put global poverty reduction gains at risk, and the goal of no poverty by 2030 will not be achieved without rapid and substantial policies and measures [71]. In this context, China’s antipoverty experience provides important policy implications for other countries to overcome poverty and achieve the 2030 SDGs.



First, industrialization should be actively promoted to improve the level of regional economic development. At the same time, industrialization can also support the development of urbanization, and gradually solve the long-standing slum problems in less developed regions and countries through coordinated development with urbanization. Second, investment in education should be strengthened to transform the quantitative advantage of the population in poverty-stricken areas into a human capital advantage. On the one hand, education improves total factor productivity through human capital accumulation; on the other hand, education promotes industrial transformation and upgrading by improving people’s knowledge and skills and cultivating workers needed for industrial development. Further, the construction of transportation networks should be strengthened. It is necessary to promote the integration and coordination of various transportation, such as railways and highways, to realize smooth passenger transportation and efficient freight transportation, and improve comprehensive transportation efficiency. As a result, it is conducive to the import of external factors to make up for the shortcomings of the region and the export of superior production factors, improving the effectiveness of regional economic development. Finally, institutional innovation is needed to realize the sharing of development results. An important reason why the poor are poor is that they are excluded from socio-economic development. Therefore, it is necessary to optimize regional relations and urban–rural relations through political, economic and social system innovation, so that the poor can equally enjoy the fruits of economic development.





6. Conclusions


RTD is a dynamic process in which a rural regional system changes from one qualitative state to another on the basis of continuous quantitative changes in the elements, and the key to understanding it lies in diagnosing the structural and functional changes of the system on the basis of exploring element changes. Therefore, the quantitative analysis of RTD can be characterized by measuring the coupling coordination degree of the human, economic, resource and environmental elements of the rural regional system. From 2000 to 2020, the county urban population share, non-agricultural industry share, construction land share and NDVI in the Yanshan-Taihang Mountains increased significantly, contributing to the leap in RTD level, and the proportion of counties with RTD in a coupling coordination state increased from 24.24% to 96.97%. Spatially, there was an increasing positive spatial correlation between the county RTD levels in the Yanshan-Taihang Mountains, where the RTD status in the Taihang Mountains was significantly better than that in the Yanshan Mountains. The estimation results of the GTWR model showed that the average years of schooling, road density, per-capita GDP and urban–rural dual structure were the main factors affecting RTD in the Yanshan-Taihang Mountains, and there were obvious differences in the regression coefficients of each factor. Specifically, the urban–rural dual structure had a negative impact on RDT, while the average years of education was positive, and road density and per-capita GDP were mainly positive.



The experience of developed countries shows that without the modernization of agriculture and rural areas, there is no modernization of the whole country [72]. Therefore, developing countries should strengthen factor inputs to promote agricultural and rural development. Focusing on areas that have been lifted out of poverty, the government should strengthen the sustainability of antipoverty policies and measures, consolidate antipoverty achievements, and improve the sustainable development capacity of rural areas. Meanwhile, since most of these areas are ecologically fragile areas, actively promoting RTD to a higher level is also of great significance for realizing regional ecological protection and high-quality development.
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Figure 1. Theoretical framework of RTD. 
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Figure 2. Location and DEM of Yanshan-Taihang Mountains. 
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Figure 3. Spatio-temporal patterns of the quantitative changes of rural regional system in Yanshan-Taihang Mountains. 
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Figure 4. Spatio-temporal patterns of RTD level in Yanshan-Taihang Mountains. 
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Figure 5. Moran scatterplot of county RTD level in Yanshan-Taihang Mountains. 
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Figure 6. Spatial distribution of the regression coefficient of GTWR model. 
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Table 1. Indexes characterizing the quantitative changes of rural regional system.
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	Dimension
	Indicator
	Description





	Human elements
	Urban population share
	Urban resident population/total resident population



	Economic elements
	Non-agricultural industry share
	Added-value of secondary and tertiary industries/GDP



	Resource elements
	Construction land share
	(Total of urban and rural residential areas, transportation, industrial and mining and other land)/total area of the region



	Environmental elements
	NDVI
	An index reflecting the status of land vegetation cover










[image: Table] 





Table 2. Pre-selection of variables influencing RTD level.
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	Variables
	Description





	Average altitude
	The average value of DEM



	Per capita farmland area
	Total farmland area/Rural registered population



	Average years of schooling
	Average years of schooling for the resident population aged 6 and above



	Road density
	Total length of road/Total area of the region



	Per capita GDP
	GDP/Total resident population



	Level of agricultural mechanization
	Total power of agricultural machinery/Total sown area



	Per capita income of rural households
	Per capita disposable income of rural households



	Urban–rural dual structure
	Ratio of per capita disposable income of urban and rural households
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Table 3. Statistics of the indicators measuring RTD and the pre-selected influencing factors.
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Type

	
Indicator/Variable

	
Unit

	
Minimum

	
Maximum

	
Mean

	
Standard Deviation






	
Measurement indicators

	
Urban population share

	
%

	
3.86%

	
62.23%

	
29.91%

	
15.39%




	
Non-agricultural industry share

	
%

	
39.75%

	
94.09%

	
72.87%

	
10.94%




	
Construction land share

	
%

	
0.17%

	
15.76%

	
3.33%

	
2.89%




	
NDVI

	
-

	
0.4321

	
0.8541

	
0.6687

	
0.0992




	
Pre-selected influencing factors

	
Average altitude

	
m

	
44

	
1500

	
1044

	
426




	
Per capita farmland area

	
mu/person

	
0.65

	
11.44

	
3.73

	
2.53




	
Average years of schooling

	
year

	
6.02

	
10.10

	
8.19

	
0.86




	
Road density

	
km/km2

	
0.0782

	
1.7014

	
0.5949

	
0.3217




	
Per capita GDP

	
yuan/person

	
1369

	
83,402

	
16,632

	
15,094




	
Level of agricultural mechanization

	
kWh/ha

	
0.60

	
17.37

	
4.85

	
3.07




	
Per capita income of rural households

	
yuan/person

	
958

	
16,543

	
5536

	
4574




	
Urban–rural dual structure

	
-

	
1.85

	
5.23

	
3.16

	
0.78
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Table 4. State changes of RTD in Yanshan-Taihang Mountains.
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2020




	
Imminent Disorder

	
Barely Coupling Coordination

	
Primary Coupling Coordination

	
Intermediate Coupling Coordination

	
Advanced Coupling Coordination

	
Total






	
2000

	
Primary coupling coordination

	

	

	

	

	
1

	
1




	
Barely coupling coordination

	

	

	
2

	
4

	
1

	
7




	
Imminent disorder

	
1

	
3

	
7

	
6

	

	
17




	
Mild disorder

	

	
1

	
4

	

	

	
5




	
Severe disorder

	

	

	
2

	
1

	

	
3




	
Total

	
1

	
4

	
15

	
11

	
2

	
33
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Table 5. Estimated parameters of GTWR and OLS models.
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	Bandwidth
	Residual Squares
	Sigma
	AIC
	R2
	Adjusted R2
	Spatio-Temporal Distance Ratio





	GTWR
	0.2859
	0.7762
	0.0885
	−136.706
	0.6814
	0.6569
	0.5418



	OLS
	
	
	
	−140.1425
	0.5035
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