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Rural revitalization is a strategy proposed by China to address the imbalance and insufficiency of urban and rural development. The purpose of village system reconstruction is to optimize the rural spatial structure and realize the efficient allocation of resource elements, which is of great significance to the overall revitalization of rural areas. This research adopts the analytic hierarchy process (AHP), the multi-index comprehensive evaluation method, and the GIS spatial analysis, taking Zhiyang Town as a case, reconstructing the index selection of the village-level system, putting forward a set of complete classification systems through the selecting village scale, resource conditions, social economic development level, industry, and other related data index, and building a village-level evaluation system. The 25 villages in Zhiyang Town were divided into four classes. Different development paths are proposed for different levels of villages. The evaluation of the village development level and reconstruction path of the village hierarchy system has certain practical guiding values for rural construction, which are of great significance for realizing rural revitalization.
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1. Introduction

Since the reform and opening up policies, the rapid pace of urbanization and industrialization has led to the diversion of various rural resources to non-agricultural industries. This shift has resulted in emerging issues, such as imbalances in agricultural development and inadequate rural development have gradually emerged (Bu et al., 2020; Chen J. et al., 2021). In 2017, China put forward the rural revitalization strategy for the first time and issued a series of policies and plans, proposing to balance urban and rural development space, optimize the layout of rural space, and focus on making good use of rural production space, living space, and ecological space to form a rural spatial relationship structure in which man and nature are in harmony (Chen M. et al., 2021; Chen and Kong, 2022). On this basis, according to the resource endowment and development trend of different villages, the development of rural areas is promoted (Chen, 2020; Dong et al., 2022). With the rural non-agricultural trend accelerating, all kinds of production factors gradually lost their importance and badly needed restructuring. Optimizing village space based on the township central village-space organization structure is an effective choice for rural grassroots systems (Gu et al., 2019; Han, 2020). Achieving this goal is key to rural space reconstruction and involves building a scientifically and reasonably structured village level (He et al., 2020).

The rural development level assesses the present situation of a village's development capabilities, and it concludes that a village's future development potential serves as an important benchmark (Li et al., 2014, 2022). The important foundation for reconstructing the system of villages is the village development level, which is based on the present situation and development trend of scientific research. According to the village to the central village, villages commonly come from different villages in the form of units and put forward the corresponding village space layout structure (Lin et al., 2021; Lin, 2022). Finally, it is crucial to determine a scientific and reasonable path and strategy for rural development. In the development model of the village system, some scholars constructed the village and town evaluation system from two dimensions, namely, the rank rationality and the coordination degree of residence and industry (Liu et al., 2020; Liu S. et al., 2022; Long et al., 2023). They advocated promoting rural revitalization through the core area, peripheral area, and potential area of the village in the county and put forward the path of rural revitalization by zoning and classification (Ma et al., 2018; Luo and Qi, 2019). Some scholars believe that in the context of rural transformation and development, it is necessary to optimize rural production, living, and ecological space, construct a scientific and reasonable village system, and further configure village infrastructure and service facilities for rural spatial reconstruction (Pan et al., 2021; Park et al., 2022). Some studies believe that the important means of village system reconstruction is to reconstruct the production, living, and ecological space of villages and construct a security system for overall urban and rural development by starting with the distribution planning of villages and towns (Qu et al., 2019, 2021a, 2022). Some studies suggest that in different regional types, the spatial organization patterns of villages and towns can adopt radiometric equilibrium, radiometric disequilibrium, multi-core equilibrium, corridor layout mode, and hybrid mode (Shan and Feng, 2018; Qu et al., 2021b; Yanbo et al., 2021).

At present, foreign research mainly focuses on the influencing factors (Abreu et al., 2022; Allawi and Al-Jazaeri, 2023), classification (Eversole and Campbell, 2023; Gutu Sakketa, 2023), and construction improvement strategies of village development and construction (Hebinck et al., 2023; Hossain et al., 2023; Koutridi and Christopoulou, 2023). The research on the influencing factors of village development potential deepens from surface influencing factors to internal rural areas and expands to external areas. At the same time, the research on village development classification has also shifted from the initial settlement form to the consideration of the overall development of urban and rural areas (Lapuz, 2023; Suárez Roldan et al., 2023). When classifying villages, it not only considers the development of the village itself but also combines its own characteristics and policy background. For example, in the United Kingdom, rural areas are divided into seven categories: urban areas, peripheral comfort areas, pure rural areas, retired areas, temporary rural areas, constantly changing rural areas, and relatively stable commuting areas. In the United States, urban and rural spaces are divided into five categories: communities, developed areas, transition areas, rural areas, and protected areas (Torre et al., 2023). In their research on strategies for improving village development and construction, foreign scholars have addressed the issue of urban population expansion. They are committed to reducing urban population density and alleviating urban population pressure by constructing rural areas (Vaishar and Štastná, 2023; Willett, 2023).

The relevant theoretical research and practice have accumulated rich experience for the classification of village development types (Abdulai et al., 2023; Addai et al., 2023; Hermawati et al., 2023) and also guided the formulation and construction of village planning (Kallert et al., 2021; López-Penabad et al., 2022; Hlaváček et al., 2023). However, there are still shortcomings. At the national policy level, there is a lack of clear explanations or standards on how to classify villages. The existing classifications are inconsistent with the national rural revitalization strategic plan requirements and the latest documents. Most studies are based on a certain region as a case study (McGuire et al., 2022; Robinson-Pant, 2023). Rural areas in China vary greatly and are extremely complex. Villages in different regions with different levels of economic development have different development starting points, and unified classification methods and standards cannot be used (Ruml et al., 2022). Based on this, this article identifies village development types and proposes corresponding planning strategies based on relevant national planning and document requirements, combined with existing theoretical research results and classification schemes, and takes Zhiyang Town in Shaanxi Province as an example.

Therefore, this study aims to: (1) construct a set of evaluation index systems for village development potential, and (2) propose development paths for villages with different development potentials. This study intends to make a scientific layout of the future rural space, distinguish villages with different development potentials, and avoid inefficient construction of rural infrastructure, which has reference and enlightenment significance for the research of rural planning and the implementation of rural revitalization strategies in China.



2. Materials and methods


2.1. Land use transfer matrix

Aiming at the land use data of the third phase, using ArcGIS 10.2 software to superimpose analysis and other processing, the land use transition matrix of the Guanzhong Plateau is obtained. The matrix adopts an n-order matrix structure, which not only can intuitively and concisely display the area information of each category at the beginning and end of the study but also can express the dynamic changes of each category in this period in detail. The general expression for torque is as follows:
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where S represents the transition matrix of land use change, n is the total number of different land types (n = 8); i and j represent the initial and final land types, respectively, in the study area (i, j = 1,2,…,n); S is the area of the ith land type converted to the area of the jth land type; the larger the value, the more severe the change, and vice versa.



2.2. Evaluation of village development potential
 
2.2.1. Construction of the index system

In recent years, studies on the construction of evaluation index systems for rural development have been common (Chen and Liu, 2011; Andersson et al., 2017). Relevant studies mainly focus on constructing new urbanization, and most adopt the multi-indicator comprehensive evaluation method. In the selection process of indicators, the data indicators related to villages' production, life, and ecological function are mainly considered (Niu et al., 2023; Rao et al., 2023). A multifunctional evaluation model of rural areas was constructed based on the economic level, grain production, social security, and ecotourism. The functional model and spatial concentration methods were used to analyze the differentiation characteristics, type division, and formation mechanisms of rural spatial functions. The real situation and the village's development ability are reflected in the index selection and weight calculation of the evaluation system (Lapuz, 2023). Other studies also set up evaluation indexes from the perspectives of social structure and development models (Liu et al., 2021; Liu X. et al., 2022).

First, through a field investigation of the administrative villages in the study area, this study conducted an in-depth investigation of the basic development of each village to understand the main concerns of the local village committee and villagers and the core problems that need to be solved. Second, according to the basic requirements and objectives of rural revitalization, based on adhering to the principles of seeking truth from facts, simplicity, and comprehensiveness and referring to relevant research literature, the evaluation index system of village development potential is constructed to make the evaluation results scientific, reasonable, realistic, and feasible. According to the construction idea of the index system and the principle of index selection, the index system in this study is composed of 14 indicators in four dimensions: village scale, resource conditions, social economy, and industrial level. The indicators include the resident population, the proportion of non-agricultural population, the total area of the village, construction land area density, concentration of residential area, the advantages and disadvantages of town road distance and geology degrees, the degree of historical cultural relics reserves, village collective economy, the average per capita income, rate of pupils in the school in the village, village of the tertiary industry output value proportion, the second industry output value proportion, and rate of agricultural mechanization (Table 1).


TABLE 1 Selection of evaluation indicators for village development potential.
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2.2.2. Determination of index weight

The analytic hierarchy process (AHP) method is a subjective evaluation method suitable for analyzing multi-factor and multi-level problems. This study uses AHP to determine the cross-impact analysis (CIA) weight coefficients of various influencing factors. The operation steps of this method can be divided into the following four aspects:

Establish a hierarchical structure model: analyze the decision-making purpose and its decisive factors and construct a hierarchical structure diagram based on their interrelationships. Construct a judgment matrix: compare the decision factors in pairs to determine the relative importance of the two factors. This value is generally determined through the nine-point scale method to determine the hierarchical ranking. AHP has two sorting methods: the sum-product and the root square. In this study, the sum-product method is used to calculate the weights of each factor.

(1) Normalize each column of data in judgment matrix B

(2) Add the judgment matrix by column to obtain a one-dimensional vector

(3) Normalize a one-dimensional vector to obtain an approximate solution W for the desired feature vector

(4) Calculate the maximum eigenvalue of the judgment matrix according to the formula
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Consistency check: the smaller the CR value, the correct input of the relationship between the relative importance numbers of the judgment matrix. If the CR value is <0.1, it is determined that the knowledge matrix satisfies the consistency test, where n represents the order of the judgment matrix.

[image: image]

This study first makes a hierarchical comparison, then sorts the importance of each evaluation index, determines the influence weight of the next layer of factors on the target of the previous layer, and constructs the factor judgment matrix. Then, the normalized eigenvectors and eigenvalues of the judgment matrix are calculated according to the root method. Finally, the consistency test is carried out, and the index weights of each factor can be obtained after the consistency test is passed. Through a series of steps above, the ranking weights of alternatives are calculated (Table 2).


TABLE 2 Composite weight of village development potential evaluation index.
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2.2.3. Standardized processing of data

This study selected the relevant data for each village in Zhiyang Town at the end of 2019. When standardizing the original data of each indicator in the evaluation process of village development potential, there are two situations between the evaluation factors and the evaluation objects: one is a positive relationship; that is, the larger the value of the evaluation factor, the more the village development potential will be increased. The second is a negative relationship; that is, the greater the value of the evaluation factor index, the worse the development potential of the village. For these two cases, there are two standardized treatment formulas:

Positive indicators: Pij = (xij-min xij)/(max xij-min xij)

Negative indicators: Pij = (xij-max xij)/(min xij-max xij).




2.3. Study area and data source
 
2.3.1. Study area

Zhiyang Town is located to the southwest of Hancheng City, Shaanxi Province, China. The town government is 17 km away from the urban area. It borders Huanglong County and Yan'an City to the west and is connected to Zhichuan Town in the east, south, and north. The Xihan Railway and Hanhe Highway run through the town, covering an area of 173 km2, with 158 villagers in 25 administrative villages under its jurisdiction. Most villages in the town are concentrated in the middle and east of the town, where the terrain is flat, and transportation is convenient. The elevation of the town is between 550 and 1,100 m, high in the west and low in the east, with Huanglong Mountain in the west and the Loess Plateau Gully Region in the east (Figure 1).


[image: Figure 1]
FIGURE 1
 The location of the Zhiyang town.




2.3.2. Data source

The socio-economic data of the village came from the field survey conducted in January 2019, and the basic data of each village were obtained based on interviews and surveys. Land-use data were obtained from the Resource and Environmental Science Data Center of the Chinese Academy of Sciences (https://www.resdc.cn/Default.aspx). Township and village boundary data were collected from the National Geographic Information Resource Directory Service System (https://www.webmap.cn/commres.do?method=globeDetails&type=brief).





3. Results


3.1. Characteristics of land use change in Zhiyang town from 1980 to 2020

From the perspective of land use distribution and transfer (Figure 2), arable land, woodland, and grassland are the main types of land use. From 1980 to 2000, the arable land area was the largest, with 9,266.13 ha remaining unchanged and 69.21 ha transferred to construction land. The largest amount of grassland was transferred, with 302.13 ha of grassland converted to arable land. The volume of water bodies, construction land, and forest land transfers is very small and stable.


[image: Figure 2]
FIGURE 2
 The land use distribution of Zhiyang town. (A) 1980 (B) 2000 (C) 2020 and chord diagram of land use transfer. (D) 1980–2000, (E) 2000–2020, (F) 1980–2020. Unit: ha.


From 2000 to 2020, more cultivated land, woodland, and grassland were transferred than in the previous 20 years. Among them, 245.79 ha of cultivated land was transferred to grassland, 216.81 ha was transferred to construction land, and 82.89 ha was transferred to woodland. 57.96 ha of woodland was transferred to arable land and 25.2 ha to grassland. 80.73 ha of grassland was transferred to arable land.

Generally speaking, during the 40 years from 1980 to 2020, land-use transfer primarily involved the three main types—arable land, woodland, and grassland, which remained relatively stable overall.



3.2. Assessment and grading of rural development potential
 
3.2.1. Evaluation of village development potential

According to the evaluation index and index weight, the sub-index and comprehensive index of each criterion layer of the village's comprehensive development potential are calculated (Table 3).


TABLE 3 Evaluation results of village indices.
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Based on ArcGIS 10.2, the scores of each index of the villages were spatially displayed by the natural break point method, and the spatial distribution maps of each index level of 25 villages were obtained (Figure 3).


[image: Figure 3]
FIGURE 3
 The evaluation results of the four indices. (A) Village size index. (B) Resource condition index. (C) Social economic index. (D) Industry level index.


The spatial distribution patterns of village size, resource conditions, social economy, and industrial levels in the study area are positively correlated. These patterns radiate from the town center, reflecting the progressively nested influence factors influencing village development.

A good scale of village size and abundant resources have led to a developed social economy and a high level of industrialization. At the same time, it shows that the selection of indicators and weight calculation in this study are scientific and reasonable.



3.2.2. Reconstruction of village hierarchy

According to the analysis of the evaluation results of village development potential, on this basis, the villages are divided into four grades: class I, class II, class III, and class IV, considering the village reality and the service radius of village infrastructure and public service facilities. Among them, the villages with grade I had a better foundation and the strongest strength. Evaluation grade II village development potential is medium. Evaluation grade III village development potential is general. The development potential of villages with grade IV is poor (Figure 4).


[image: Figure 4]
FIGURE 4
 Spatial distribution of village hierarchy.





3.3. Path analysis of village system reconstruction in Zhiyang town

According to the comprehensive analysis and judgment of the results of the village classification system, 25 villages in Zhiyang Town can be classified into the types of reservation and promotion and cancellation and consolidation, among which the villages of class I, II, and III are classified into the type of reservation and promotion, and the villages of class IV are the type of cancellation and consolidation. The reconstruction path of the village hierarchy system is an important research topic in rural spatial layout. Targeted analysis and discussion should be made on the development path of two villages with different types of characteristics to realize rural revitalization by classification.


3.3.1. Development path of reserved villages

In village areas with advantageous features such as flat terrain, convenient transportation, and abundant water resources, priority is given to cultivating crops such as Chinese prickly ash, peaches, and apples. These areas already demonstrate strong industrial development and high yields, offering promising prospects for advancing modern agriculture. While these villages excel in cultivation and animal breeding, further attention is needed for the development of secondary and tertiary industries. We should encourage the development of villages specializing in agriculture, industry, trade, and leisure services by giving full play to our comparative advantages and strengthening the support of leading industries. The specific promotion approaches can be summarized as follows: (1) In terms of industrial development, based on the existing industrial foundation, an industrial linkage mode should be created to promote the expansion of village industrial functions and business forms. Villages with good basic agricultural conditions can rely on their resource advantages to introduce secondary production and processing, highlight the added value of agricultural products, extend the traditional agricultural industry chain, and expand the multiple functions of agriculture. Villages with a prominent village processing basis, special techniques, and manual manufacturing are mainly used as core resources to promote the development of the raw material planting industry. At the same time, complementary services and supporting services can be expanded to form a complete industrial chain and drive the industrial transformation and upgrading of villages. For villages with good ecological resource protection and pleasant rural scenery, it is suitable to develop a deep-level “tourism economy,” relying on leisure agriculture and cultural tourism industries to promote the development of agricultural tourism and experience and other related industries. (2) Regarding talent revitalization, rural industry aggregation will drive population return, form a new population aggregation, reverse the development trend of village hollowing, attract returning entrepreneurs and tourists, drive village revitalization with talent revitalization, and create a new “modern farmer” system. (3) Strengthen the optimization of land use, promote the efficient use of rural land, implement the “increase and decrease” policy, and effectively solve the land use constraints for rural construction and development. Make idle land use, especially in the management of rural idle homesteads. (4) In terms of cultural promotion, mining village cultural resources, refining village cultural symbols, and creating village characteristic cultural brands. Develop rural tourism, promote rural cultural inheritance, and promote the diversified development of local culture and traditional folk art.



3.3.2. The reconfiguration approach to revocation village

Considering the fact that the villages are located adjacent to each other and the scale is small, it is suggested to merge two neighboring villages with relatively small populations. The residents' living conditions will not change, but the organization at the village level will be abolished, and the office space and facilities will be further strengthened. (1) To dismantle a village-level organization, careful and thorough communication efforts are crucial. It is essential to establish a stable ideological understanding among village cadres and the community at large. To the outgoing village cadres, conscientiously do a good job of ideological and political work and properly solve the problems of the outgoing village cadres. (2) Promulgating corresponding supporting measures to lay a good foundation for the withdrawal and village work. First, the village finance and assets liquidation leading group and the village work steering group. The second is the newly merged village party's basic-level organization reconstitution, which has a clear stipulation for the outgoing village cadre's treatment and so on. Third, the party and government cover village cadres and village cadres in an all-round way into the village, group, and household to do a good job of withdrawing and village propaganda, launching, and dealing with the specific problems in withdrawing and village. The fourth is to strengthen the collection of information, timely feedback, and village work information. (3) Improve withdrawal and merger procedures according to the law. The work of disintegrating villages shall be carried out strictly in accordance with the law and the plan. First, convening meetings by law. By holding a meeting of all villagers over the age of 18 or a meeting of household representatives to solicit the opinions of the masses, decide whether to withdraw the village or not, and build a new village name and a village committee residence. Second, it is named according to the law. In the process of withdrawing and merging villages, the naming and renaming of new villages are reported and approved based on soliciting the opinions of the masses.





4. Discussion


4.1. Rural spatial layout is a necessary way to achieve rural revitalization

There are over 550,000 administrative villages and 3.17 million natural villages in China. What are the types, quantities, and spatial distribution of these villages? Which rural areas bear the functions of national food security, meat, milk, eggs, fruit, and vegetable agricultural products, which rural areas bear the ecological protection function, and which rural areas play an important role in cultural inheritance, and how should different types and functions of rural areas be built in the process of carrying out rural construction actions?

Clarify the layout of different rural functions in the land space of rural areas, further consolidate the foundational and strategic position of rural areas in ensuring agricultural product safety, meet the requirements for achieving high-quality development in rural society, and carry out national positioning of rural functions.

(1) Further positioning the fundamental and strategic position of rural areas in terms of national agricultural product security from the perspective of territorial spatial layout Based on China's socio-economic development and residents' needs, analyze the constraints of food safety, ecological safety, and global agricultural product circulation, and use big data technology to analyze and judge the production and consumption of agricultural products. Clarify which types of rural areas bear the food safety guarantee function, construct a national layout of agricultural product function bases based on rural areas, and consolidate the safe supply of agricultural products to the rural level, effectively strengthening the basic and strategic areas for ensuring the safety of agricultural products in rural revitalization.

(2) Provide more precise guidance for policy formulation, funding investment, and classified implementation of infrastructure construction for national rural construction. Defining the functions of rural areas nationwide is beneficial for governments at all levels to introduce more precise, targeted, and scientific policies. It is beneficial for the country to carry out infrastructure construction planning in different categories based on different rural functional positioning and improve the effectiveness of infrastructure construction, effectively targeting the needs of rural funding investment for different functional types, budget funding investment needs, and improving the effectiveness of national funding investment.

(3) Provide a theoretical basis for the scientific evaluation of rural construction actions. The function and layout of rural space are some of the key measures to promote rural construction actions in various regions. After positioning the rural functions of each region, it is conducive to conducting differential evaluations of the implementation effectiveness of different types of rural construction in the same region, vertical evaluations of the effectiveness of rural construction in different regions of the same type, and the development of unified indicators, standards, and scales. It is also conducive to conducting qualitative and quantitative evaluations of the same type of rural area, improving the comparability of evaluations and the scientificity of evaluation results.

(4) Provide top-level solutions for integrating rural social development into rural construction actions. The positioning of rural functions integrates rural social development into the national agricultural product production function, effectively solving the long-standing problem of the construction of agricultural infrastructure and rural infrastructure.

The approach effectively addresses the issue of focusing on agricultural production factors and infrastructure construction investment while neglecting rural infrastructure construction investment, which is conducive to coordinating various social resources and increasing investment in rural areas, thereby promoting the implementation of a rural revitalization strategy.

The important means of rural spatial reconstruction is to use village and town layout planning as a starting point, reconstruct villages' production and living spaces, and build a social security system that coordinates urban and rural development. Therefore, conducting a scientific reconstruction of future rural spaces to distinguish between key villages and general villages, as well as identifying relocated and merged villages, to avoid duplicate or inefficient construction of public service facilities such as housing, village-level education, healthcare, elderly care, and water and electricity networks in these villages, has reference and inspiration significance for the implementation of China's rural revitalization strategy and rural planning research.



4.2. The contradiction between the decrease in the rural population and the increase in rural residential area

The analysis of recent population changes in Zhiyang town shows (Figure 5) that from the era of reform and opening up until the turn of the century, the town's population increased steadily. However, after 2005, the population began to decline, with the most significant decrease occurring between 2016 and 2017. This trend in the village labor force is largely consistent with the overall trend in the village population. This is due to the acceleration of the pace of new urbanization, a large number of rural young and middle-aged labor forces into the city, and rural hollowing caused by the aggravation.


[image: Figure 5]
FIGURE 5
 Changes in the rural population.


Over the past 40 years, the size of rural residential areas in Zhiyang Town has grown significantly, among which 282.6 ha were converted from farmland, along with an additional 6.12 ha that had previously been neglected (Figure 6).


[image: Figure 6]
FIGURE 6
 Spatial distribution of rural residential transfer from 1980 to 2020.


Despite the rapid development of the social economy leading to a significant reduction in the rural population, the area allocated to rural farming continues to increase, which profoundly reflects the current situation of China's rural areas (Ward et al., 2003; Wen et al., 2020; Wang et al., 2021). According to our research, it is urgent to evaluate the development potential of villages, grade and classify villages, organize and merge hollow villages that have no development potential, and strictly control the construction and expansion scale of rural residential areas (Yang et al., 2016; Xu et al., 2022; Yu et al., 2022).



4.3. Reconstruct the rural spatial distribution system and formulate the classification standard for rural construction

Based on clarifying the development potential of rural areas, different development support policies should be formulated according to different evaluation levels to provide a basis for promoting rural infrastructure construction by classifying and clarifying the key points of construction and investment (Zhang D. et al., 2020; Zeng et al., 2021; Zhang et al., 2022). With the county level as the unit, we will issue guidelines for regional norms and standards for rural construction, guide all regions to formulate a system of rural construction standards, guide and standardize rural construction action plans with standards (Zheng et al., 2014; Zhao et al., 2019; Zhang T. et al., 2020), and provide implementation standards and standards for rural infrastructure construction, service infrastructure construction, and industrial infrastructure construction (Zhong, 2020; Zhou et al., 2020, 2021).



4.4. Policy suggestions

(1) Improve the village spatial planning system. Through regional population, economic, and industrial development trends, optimize the future place of the construction of rural settlements and population scale, improve the village layout structure, merge small villages, reduce natural villages, demolition of hollow villages, village protection characteristics, promote urban population, industrial park to the central land scale operation to the central, form a reasonable arrangement in rural settlements layout structure.

(2) To promote theoretical and methodological research for identifying characteristics of different types of villages. Based on the village system construction method, the index system of village classification is proposed. Combined with the classification of village types, the scientific and accurate classification and identification of villages in the study area are carried out based on local policies, and the best path of rural optimization development is proposed for different types.

(3) According to the requirements of the central plan, focusing on the differentiated development of different types of areas in rural construction is to achieve development tailored to local conditions. This means that in the process of promoting rural construction, it is necessary to classify the construction according to the actual situation of different regions so there can be more specific measures to promote the rural revitalization strategy.

First, economically developed regions can focus on developing new industries such as characteristic agriculture and tourism. These regions have a good economic foundation and advantageous resources and can increase farmers' income and improve their quality of life by creating distinctive agricultural product brands and developing tourism resources. For example, by developing high-quality organic agricultural products and leveraging local customs and the natural environment, these areas attract more consumers and increase farmers' income. At the same time, characteristic tourism projects such as rural homestays and farmhouses can be developed to attract tourists for sightseeing and create more job opportunities.

Second, economically underdeveloped areas can focus on protecting and restoring the ecological environment while developing industries such as ecotourism. These regions are rich in natural resources, and by protecting and restoring the ecological environment, they can attract more tourists and achieve sustainable development. For example, it can promote the improvement of farmland water conservancy projects, improve the construction and management level of farmland water conservancy facilities, and ensure a good ecological environment for farmland. At the same time, by carrying out rural tourism activities such as natural scenery and folk culture, attracting tourists to sightseeing, promoting rural economic transformation and upgrading, and achieving the unity of economic and ecological benefits.



4.5. Limitations and prospects of research

This study introduces potential evaluation into village classification and development strategy research. On the one hand, the number of obstacle factors for village development is used to determine the relocation, merger, and consolidation of villages. On the other hand, differentiated village zoning development strategies are developed based on the main obstacle factors of each village. The strategy formulation is more targeted, which helps to accurately control the development of each village and achieve rural revitalization. In addition, this study includes two closely related topics: village classification and zoning. Village classification judges the characteristics and potential of village development from the perspective of individual villages. However, even villages of the same type have significant differences in their development characteristics, advantages, and weaknesses. Villages with different endowment conditions or obstacles may also be classified as villages of the same type. Therefore, it is unscientific and impractical to propose differentiated development strategies solely from the perspective of village classification. As mentioned earlier, villages in adjacent spaces often have similar endowment conditions or obstacles. Differentiated development strategies based on village zoning can more scientifically guide regional rural development practices. Therefore, it is recommended to add the content of village development zoning to the process of village classification and layout planning as a beneficial supplement to village classification and to scientifically guide regional rural revitalization and development according to local conditions and circumstances. Finally, due to limitations in the research area and data availability, this study's selection of obstacle factors focuses on the characteristics of villages in mountainous and hilly areas, which may not apply to plain areas.

Moreover, due to the characteristics of the mountainous and hilly areas, village land has the characteristics of multiple patches, small areas, and scattered distribution, making it difficult to obtain natural village scale data. Therefore, this study only focuses on the administrative village scale. In the future, when the data conditions are met, the applicability of identifying obstacle factors in different regions and scales in village classification and zoning research can be explored.




5. Conclusion

Using the AHP and GIS analysis, this study takes Zhiyang Town of Han City as an example to grade its 25 villages and puts forward the development path of different grades of villages. (1) This study constructed a set of index systems to evaluate the village level. The system consists of four dimensions: village scale, resource conditions, social economy, industrial level, and 14 second-level indicators. (2) Based on the division scheme of the village hierarchy system, a whole set of reconstruction paths for the rural system are proposed, starting with the retention and upgrading of villages and the cancellation of the consolidation of villages, respectively.

We propose targeted construction standards for villages across various systems and categories, covering everything from infrastructure construction to public service facilities. It is of great significance in promoting the comprehensive development and revitalization of rural areas.

In the future, we can continue to verify the rationality of this evaluation method on a larger scale and further carry out large-scale village evaluations.
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The target layer Rule layer Index layer Unit Properties
Village development Village scale Total resident population People Positive(+)
potential
Proportion of the non-agricultural population % Positive(+)
The total area of the village km? Positive(+)
Proportion of construction land area % Positive(+)
Resource conditions Concentration of settlements Qualitative evaluation | Positive(+)
Road distance to the market town km Negative(-)
The merits of geology and landform Qualitative evaluation | Positive(+)
Degree of preservation of historical and cultural relics Qualitative evaluation Positive(+)
Social and economic foundation | Village collective economic aggregate RMB 10,000 Positive(+)
Annual per capita income RMB 10,000 Positive(+)
The enrolment rate of primary school students in the village | % Positive(+)
Level of industrial development Proportion of output value of tertiary industry % Positive(+)
Proportion of output value of secondary industry % Positive(+)
Agricultural mechanization rate % Positive(+)

(1) The total resident population is calculated according to the current resident population in the village, which reflects the occurrence of rural human resources.

(2) Proportion of non-agricultural population = non-agricultural population/total resident population, reflecting the level of rural urbanization.

(3) The total area of villages reflects the occurrence degree of rural land resources.

(4) Proportion of construction land area = construction land area/total village area, reflecting the basic development degree of the village.

(5) The concentration degree of residential areas can be evaluated and assigned into four grades: concentrated (80-100), relatively concentrated (60-80), general (30-60), and scattered (0-30),
which reflect the intensive use degree of village land.

(6) The road distance to the market town is the road mileage of the village to the nearest market town, reflecting the rural and external convenience.

(7) The advantages and disadvantages of geological geomorphology refers to the advantages and disadvantages of the geological conditions and topography of the village, which is divided into
four grades: superior (80-100), superior (60-80), poor (30-60), and poor (0-30), reflecting the adaptability of rural livable development.

(8) The degree of preservation of historical and cultural relics refers to the preservation of traditional ancient villages and historical buildings in the village, which is evaluated and assigned into
four grades: rich (80-100), medium (60-80), less (30-60) and less (0-30), reflecting the degree of preservation of rural historical and cultural resources.

(9) The total village collective economy reflects the strength of the rural economy.

(10) Per capita annual income reflects the level of rural economic development.

(11) Attendance rate of primary school pupils in a village refers to the proportion of primary school pupils attending primary schools in a village to the total number of school-eligible children

ina village, reflecting the educational conditions in a village.

(12) Proportion of output value of the tertiary industry refers to the proportion of output value of the tertiary industry in the total output value of the village.

(13) The proportion of output value of the secondary industry in terms of the total output value of the village.

(14) The percentage of agricultural mechanization refers to the percentage of aerial seeding area, which reflects the development level of rural agriculture.
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