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Abstract

:

Based on the research on the current situation and transformation path of the spatial construction of villages and towns in northern Jiangsu, “compactness” and “convenience” are extracted as the elements of spatial evaluation. With multi-source data, comprehensively using ENVI remote sensing image interpretation, GIS spatial analysis, Fragstats landscape index calculation, entropy weight–TOPSIS comprehensive evaluation, and SPSS cluster analysis, a “digital full cycle” of a research framework for the spatial evaluation of villages and towns is built. In this paper, Suining County is taken as the research object, and the spatial construction level of its villages and towns is studied. The research results show that at the county level, the spatial compactness of villages and towns roughly presents the characteristics of an “X” pattern, decreasing from the middle to the four sides, while facility convenience generally presents the characteristics of a right “人” (Chinese character) pattern. At the town level, facility convenience basically presents the pattern characteristics of the “center-node” differentiation structure. The research aims to guide villages and towns to solve the current dilemma of spatial construction, promote the construction of digital villages and towns, and impel the digital transformation of the village and town evaluation system, data, and methods, so as to provide real-time, quantitative, and accurate data and method support for planning and decision-making in villages and towns.
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1. Introduction


Villages and towns are collectively referred to as villages, townships, and organic towns (except county towns). They are settlement spaces formed by people who conform to the natural environment and the social culture to gather and settle down and have the basic forms of mass, ribbon, radiation, and so on [1]. However, the phenomenon of “hollowing out” in villages and towns has become more and more serious with the continuous promotion of urbanization in recent years. In addition, the spatial form of the “decentralization” of traditional villages and towns has also led to the mismatch and inconvenience of facility layout, and the declining trend of village and town space has intensified year by year [2]. Thus, it is very important to build a scientific and effective evaluation system to guide the transformation of the spatial construction mode of villages and towns.



With the in-depth implementation of the rural revitalization strategy, the central government has clearly put forward the slogan of accelerating the construction of a “digital village”. In the “14th Five-year Plan” it is also emphasized that information, networking, and intelligent technologies should be widely applied to the development practice of economy and society in villages and towns. At present, the research on the application of digital technology in the field of villages and towns at home and abroad mainly focuses on the planning and construction level. In foreign research, Yoshida N. et al. think that it can provide new research ideas for spatial measurement and visual analysis with the help of geospatial data [3]. Using GIS technology and remote sensing data, Conrad C. et al. measure and analyze the expansion trend of rural residential areas, and predict the demand for rural construction land to realize the intensive and sustainable development of spatial planning in rural areas [4]. With the help of GIS technology, according to the level division of town, village, rural public space, and building plot, Sowińska-Świerkosz B. et al. explore the adaptability of multi-source data in the analysis of spatial planning indicators in rural areas [5]. Additionally, many scholars start from an accessibility perspective [6,7,8] and use multi-source data and GIS technology for spatial measurement and spatial feature analysis, thereby providing a reference for the optimized layout of rural facilities and guiding the sustainable development of villages and towns. In domestic research, due to the characteristics of easy access, wide information coverage, rich data types, and high positioning accuracy, POI data has become a research hotspot in the field of spatial planning [9]. Some scholars use such data to make statistics and spatial measurements on public service facilities in villages and towns. With the Arc GIS tool, the spatial pattern characteristics of various facilities are visually analyzed and suggestions for optimizing the layout are put forward [10,11,12,13]. By getting POI data and using GIS spatial analysis methods (nearest neighbor index and kernel density estimation) and mathematical statistics methods, some scholars study the spatial pattern characteristics of rural leisure tourism or leisure agricultural facilities, analyze influencing factors of its agglomeration, and put forward optimization suggestions for its spatial layout [14,15,16,17]. In terms of the digestion [18,19,20], agglomeration [21], layout, and classification [22,23] of village and town space, some scholars carry out quantitative analysis and layout optimization of residential areas with the help of such data. Meanwhile, as an innovative spatial data type, remote sensing data also provides researchers with accurate, rich, and real-time spatial information [24]. Based on such data, many scholars combine the analysis of the spatial pattern of rural settlements [25,26,27], residential area distribution, and landscape patterns [28,29,30,31] by Arc GIS to quantitatively analyze the spatial differentiation characteristics of rural settlements. Existing research results show that when domestic and foreign scholars carry out planning activities, on the one hand, they should pay attention to extracting the existing spatial laws and building local spatial cognitive content; on the other hand, they should think about how to use the existing laws for spatial deduction. According to different data and research objectives, the optimal method is selected for correlation analysis. The quantitative analysis of the current situation of rural space with the help of multi-source data and digital technology has become a new trend of research and an indispensable auxiliary means of rural planning and construction. At present, there is little research on transforming the spatial analysis elements of villages and towns into an index system for evaluation.



In the existing research on village and town evaluation in China, due to the increasingly complex evaluation system and the gradual diversification of evaluation indicators, the evaluation data sources need to be obtained from various heterogeneous databases. Moreover, the qualitative evaluation index accounts for a relatively high proportion, and the subjectivity of the evaluation results is strong. It can be seen that the data acquisition method based on a manual investigation has had difficulty meeting the needs of high-efficiency, real-time, and quantitative evaluation research [32]. In the era context of big data and information technology, digital technology will further penetrate into the construction field of villages and towns with the continuous improvement of information elements in villages and towns. This also provides a new proposition and thinking for the development of village and town evaluation research in the new era. Therefore, it is imperative to explore the digital transformation of the village and town evaluation research process.



Based on this, this study first analyzes the current situation of village and town space in northern Jiangsu and extracts the leading characteristics of the transformation of “compact space” and “convenient facilities”. With the help of multi-source data and digital technology, a research framework for the spatial evaluation of villages and towns is built. Suining County is taken as the research object. Through the digital translation process of the “collection-processing-analysis-calculation” of data, evaluation indexes are obtained, and the entropy weight–TOPSIS evaluation model is used to evaluate the current spatial situation of villages and towns in Suining County. The research aims to guide villages and towns to solve the current dilemma of space construction, promote the construction of digital villages and towns, and impel the digital transformation of village and town evaluation content, data, and methods.




2. Current Situation of Village and Town Space in Northern Jiangsu


2.1. Spatial Structure


By referring to the Statistical Annual Report of Village and Town Construction and the Statistical Yearbook in Jiangsu Province, the statistical data of four time nodes were selected and the amount of construction land in villages and towns of northern Jiangsu in the recent 15 years was sorted out and compared (Table 1). The results show that the data structure of construction land in villages and towns of northern Jiangsu began to change after 2010, mainly due to the sharp reduction in village construction land. In order to focus more comprehensively on the use of village construction land, with the help of two types of statistical data (population and number of villages), three time nodes (2010, 2015, and 2019) were selected successively to further analyze the change of village land in northern Jiangsu (Table 2). The data show that the change in average village land area was not obvious during 2010–2015 but the per capita village land area expanded. At this stage, the phenomenon of the “hollow village” was highlighted by the loss of the village population. From 2015 to 2019, the per capita village land area and the average village land area were reduced, which shows that villages had a trend of agglomeration development. Since the village construction land includes two parts, the administrative village and the natural village, it further refers to the statistical data of the government in 2019. It is found that the land use of natural villages accounts for nearly 70%, and the population is mainly distributed in natural villages with a scale of fewer than 400 people, accounting for more than 60% of the total population of the village. Therefore, the structural system of rural settlements in northern Jiangsu needs to be further optimized. By adjusting the internal structure of village land, it could further excavate idle construction land indicators to reserve development space for the construction of villages and towns in northern Jiangsu.



Through the field investigation and remote-sensing image interpretation analysis of villages and towns in northern Jiangsu, the spatial forms of villages and towns in northern Jiangsu are classified into five types (Table 3) to intuitively perceive the spatial pattern characteristics of villages and towns in northern Jiangsu from a spatial perspective. It could be found that most of the spatial forms of traditional villages and towns in northern Jiangsu are still “decentralized”, and only a few are “centralized”. Moreover, the spatial form restricts the allocation efficiency of facilities to a certain extent.




2.2. Policy Guidance


The land improvement policies issued from the national level—the land increase and decrease linked policies and the high-standard farmland construction policies—are aimed at improving the quality of cultivated land, increasing the area of effective cultivated land, promoting the scientific digestion of decaying villages, the intensive use of construction land, the compact layout of urban and rural space, and the economic convenience of facility construction. Several village planning and construction policies issued at the provincial level (Table 4) and the rural housing improvement policies in northern Jiangsu are also aimed at promoting the intensive space construction of rural residential areas according to local conditions, changing the traditional loose spatial structure of villages and towns and optimizing the supporting efficiency of public service facilities.



It can be seen that these policies are layers of superposition and interlocking logic, showing a progressive relationship of “policy guidance-planning guidance-construction transformation”. Villages and towns in northern Jiangsu objectively have had the conditions to promote spatial reconstruction.




2.3. Selection of Study Sample


Suining County is located in the northwest of Jiangsu Province, covering an area of 1769 km2. It is under the jurisdiction of Xuzhou City and is an important part of Xuzhou. Due to the slow economic development and serious population loss in rural areas for a long time, the villages have been “hollowed out” and the development vitality has been reduced day by day. The spatial form of “decentralization” in villages and towns makes it difficult for public service facilities to exert centralized benefits, which further restricts the economic and social development of villages and towns. In this context, Suining County put forward the strategy of “strengthening towns and villages” in 2015 with the policy support of the comprehensive reform of land systems such as “linking the increase and decrease in urban and rural land”, the “layout adjustment of the same township”, and the “renovation project of many villages”, so as to transform the spatial construction mode of villages and towns (Figure 1). Guided by structural adjustment in urban and rural planning, driven by comprehensive land reform, taking the construction of characteristic towns, new rural communities, and characteristic countrysides as a focal point (Figure 2), it aims to improve the compact level of space and the convenience level of facilities in villages and towns, thereby realizing the double promotion and win-win of economic and environmental benefits. It has initially stepped out of the “Suining Model” of rural revitalization in northern Jiangsu. Therefore, Suining County is used as a research sample in this paper, which is typical. Through the evaluation and research of its village and town space, this paper analyzes its spatial construction level and differentiation characteristics, so as to provide a reference for the research on the transformation and development of village and town space in other regions.





3. Evaluation Index System


3.1. Analysis of Index Composition


Based on the analysis of policy documents and research literature on village and town evaluation systems at the national and academic levels, it could be found that at present, the attention to the spatial evaluation indicators of villages and towns is low, but they have gradually begun to pay attention to it in recent years, especially in the residential area system structure and facility allocation. This also coincides with the two leading characteristics of the transformation path of village and town spatial construction in Suining County. Nowadays, in the face of the era background of new urbanization and rural revitalization, village and town construction should not only emphasize the importance of the ecological environment and economic development but also pay attention to the rationality and sustainability of village and town space construction. Therefore, the spatial evaluation index system of villages and towns is constructed from the two spatial element dimensions of “spatial compactness” and “facility convenience” in this study.




3.2. Construction of Index System


On the basis of fully drawing lessons from the contents of the compact urban evaluation index system, urban facility convenience evaluation index system, and village and town evaluation index system, combining the relevant study on the spatial compactness and facility convenience in villages and towns, according to principles of availability, feasibility, comparability, and measurability, the evaluation index system of village and town space is finally constructed and completed, including two level-one criterion layers, nine level-two criterion layers, and twenty-seven specific indicators (Table 5).




3.3. Interpretation of Index Meaning


“Spatial compactness” is a measure of the intensive and efficient level of space construction in the process of urban and rural construction [33], including scale, form, and function [34]. Compact scale is characterized as the density value level of space from the spatial attribute. At present, the measurement of density is also an important index for domestic and foreign scholars to evaluate compactness. Form compactness is a comprehensive measure of the efficient and intensive utilization level of space from the edge contour, size, spacing, and other attributes of land use. Function compactness is the inevitable result of intensive and efficient land use under the guidance of form compactness and scale compactness, and it is also the key index to measure the compactness of space. This “intensive and efficient” response is manifested in the diversity of land use in terms of function, namely the mixed-use level of land function. The functional mixing is not only reflected in the level of land use, but also in the mixing of functional areas in villages and towns [35]. “Facility convenience” can be understood as residents’ satisfaction with the supply of public service facilities and can also be understood as the convenience of residents to enjoy and use public service facilities. Its quantity, scale, and aggregation will directly affect the convenience and satisfaction of residents [36]. The quantitative interpretation of specific indicators is as follows (Table 6).





4. Evaluation Data and Research Methods


4.1. Data Sources


There are five types of research data: remote sensing data, POI data, population spatialization data, economic spatialization data, and administrative boundary data of villages and towns in the Suining region in 2020. Remote sensing data are Landsat8 OLI remote sensing images with an accuracy of 30 m obtained through the geospatial data cloud website. POI data are selected from Gaode Map. Based on the Scrapy web crawler platform, the crawling program of POI data is developed through Python to obtain six types of POI data in Gaode Map, including business, science and education, transportation, medical treatment, life services, leisure, and entertainment. Population spatialization data are obtained from the platform of the resource and environmental science data center of the Chinese Academy of Sciences, and economy spatialization data are obtained from the cloud platform of geographical situation monitoring. They are all grid data types, and each grid represents a population (economy) value within a grid range of 1 km × 1 km. The administrative boundary data of villages and towns is obtained from the Bigemap website, and the data comes from Gaode Map.




4.2. Research Ideas


The research data required for the spatial evaluation system of villages and towns is collected from the network platform, and the research framework for the spatial evaluation system of villages and towns is built based on digital technology (Figure 3). The digital translation of evaluation index data is realized by means of ENVI remote sensing image interpretation, GIS spatial analysis, and Fragstats landscape index calculation. The entropy weight–TOPSIS evaluation model is used to evaluate and measure the spatial construction level of villages and towns in Suining County, and the cluster analysis of the evaluation results is carried out with the help of SPSS 24.0 software. The spatial construction level of villages and towns in Suining County is divided and its spatial differentiation characteristics are analyzed.




4.3. Research Methods







	(1)

	
Remote sensing image interpretation









The maximum likelihood method in supervised classification is used to interpret and classify the obtained remote sensing images. The tool used is ENVI 5.3 software, and the specific operation process is as follows: the first step is image preprocessing, namely radiometric correction-image fusion-image stitching-image clipping. The second step is image classification, which is specifically classified into 6 categories: forest land, water land, construction land, cultivated land, grassland, and unused land. Finally, the image maps for the real-land classification and construction-land classification of the study area are obtained, and the industrial land and residential land are further classified on the basis of the construction-land classification image map, so as to provide basic research data for subsequent spatial analysis and operation in Arc GIS 10.2 software.








	(2)

	
Spatial analysis method









With the help of the spatial analysis tool in Arc GIS 10.2 software, the image maps for real-land classification and construction-land classification after remote sensing image processing in ENVI 5.3 are mapped. According to the boundaries of each administrative unit in the study area, it is cut, extracted, and analyzed so as to calculate the data of seven indexes in Fragstats 4.2 software. Through the regional analysis and extraction analysis, the spatial information statistics are carried out, to extract the area, population, and GDP of each township in Suining County, and then the spatial density of the population and the spatial density of the economy are calculated. Through coordinate system transformation, spatial superposition analysis, nuclear density analysis, and other operations, the visual processing of the POI data of various public service facilities in the study area is conducted, so as to more intuitively reflect the spatial layout characteristics of the village and town facilities (Figure 4). Moreover, the data cutting-classification-statistics-calculation and other operations are carried out for each administrative unit in the study area, so as to obtain the index results of facility convenience, and then the facility convenience of villages and towns is evaluated and analyzed.








	(3)

	
Landscape index method









Using relevant formulas and principles of landscape ecology, and taking Fragstats 4.2 calculation and analysis software as platform carrier, the current situation of the village and town space in the study area in 2020 is quantitatively reflected. Through the calculation of the landscape index, the results of seven indicators are finally obtained, including the proportion of construction land, the mean patch shape index, the mean nearest neighbor distance, the land fragmentation index, the land-use diversity index, the proportion of industrial land, and the proportion of residential land.








	(4)

	
Comprehensive evaluation method









The entropy weight–TOPSIS evaluation model is used for evaluation research on the current situation of village and town space in Suining County. Firstly, the evaluation indexes are quantified and objectively weighted by the entropy weight method, and then the correlation degree between each index and the ideal index is calculated by the TOPSIS method. The two indexes are weighted, and finally, the evaluation results are obtained. This evaluation method can objectively and effectively evaluate the spatial compactness and facility convenience level of different villages and towns, making the evaluation results more objective, scientific, and reasonable.








	(5)

	
Cluster analysis









After obtaining the evaluation score in each village and town of Suining County by the entropy weight–TOPSIS evaluation model, with the help of SPSS 24.0 software, cluster analysis is carried out on the evaluation results of the spatial compactness and facility convenience of villages and towns to determine the classification level, so as to make the evaluation and analysis more intuitive and contrastive.





5. Evaluation of Village and Town Space in Suining County


5.1. Determining Index Weight


Because the dimensions and units of each index in the evaluation system are different, it is impossible to compare and calculate directly. The non-dimensionalization of original indicators should be conducted first, and then the indicators should be weighted. In order to obtain a more objective weight, the entropy weight method is used to calculate the objective weight of the evaluation indicators in the study. The specific calculation steps are as follows:




	1)

	
Standardize the original indicator data. The original data matrix is composed of f regions and n evaluation indicators in Suining County:   W = (  w  i j    )  f × n     (  i = 1 , 2 , 3 ⋯ ⋯ f  ,   j = 1 , 2 , 3 ⋯ ⋯ n  ),    w  i j     is the ith index value of the jth region.









When the indicator is positive, its standardized formula is:


   w  i j  ′  =    w  i j   −  w  i j   min      w  i j   max   −  w  i j   min      



(1)







When the indicator is negative, its normalization formula is:


   w  i j  ′  =    w  i j   max   −  w  i j      w  i j   max   −  w  i j   min      



(2)







This results in a standardized evaluation matrix:


  A =   (  w  i j   )   f × n    



(3)












	2)

	
In order to eliminate negative values, translation processing is conducted. Some index values may be small or negative after normalization processing. In order to unify and facilitate the calculation, the standardized values are translated to eliminate the above situation. Its formula is:










    w  i j   ″   = H +  w  i j  ′    



(4)





Among them, H is the magnitude of the index translation, which is generally taken as 1.








	3)

	
The non-dimensionalization of index data is conducted by the proportion method, and its formula is:










    k  i j   =    w  i j   ″       ∑  i = 1  n    w  i j   ″         



(5)










	4)

	
Calculate the entropy value of the jth index, and its formula is:










    e j  = −  1  ln n     ∑  i = 1  n    k  i j     ln  k  i j     



(6)










	5)

	
The difference coefficient of the jth indicator is:











   h j  = 1 −  e j   



(7)




where   j = 1 , 2 , 3 ⋯ ⋯ p  .








	6)

	
The weight of the jth indicator is:











   ϖ j  =    h j      ∑  j = 1  p    h j       



(8)




where   j = 1 , 2 , 3 ⋯ ⋯ p  .



The weight of each index is seen in Table 5.




5.2. Determining Evaluation Results


In this paper, the TOPSIS method is used to evaluate the spatial compactness, facility convenience, and spatial construction level of each administrative unit in the study area. The specific calculation steps are as follows:




	1)

	
Standardize the original indicator data. The original data matrix is composed of f regions and n evaluation indicators in Suining County:   W = (  w  i j    )  f × n    









(  i = 1 , 2 , 3 ⋯ ⋯ f  ,   j = 1 , 2 , 3 ⋯ ⋯ n  ),    w  i j     is the ith index value of the jth region.



When the indicator is positive, its standardized formula is:


   w  i j  ′  =    w  i j   −  w  i j   min      w  i j   max   −  w  i j   min      



(9)







When the indicator is negative, its normalization formula is:


   w  i j  ′  =    w  i j   max   −  w  i j      w  i j   max   −  w  i j   min      



(10)







This results in a standardized evaluation matrix:


  A =   (  w  i j   )   f × n    



(11)












	2)

	
Vector normalization of indicator data









Vector normalization is performed on the processed data, and the vector normalization is transformed by the following formula:


   m  i j   =    w  i j  ′        ∑  i = 1  f    w  i j  ′    2         



(12)







Its biggest feature is that after normalization, the sum of squares of the same attribute value of each scheme is 1, so it is often used to calculate the Euclidean distance between each scheme and a certain virtual scheme (such as the ideal solution point or negative ideal solution point). Then, the weights are multiplied by the normalization matrix to obtain the weighted normalization matrix, and the formula is:


   c  i j   =  ϖ j   m  i j    



(13)












	3)

	
Determine the positive ideal solution    C +    and the negative ideal solution.    C −   









Supposing that the value of the jth attribute of the positive ideal solution    C +    is    c j +   , and the value of the jth attribute of the negative ideal solution    C −    is    c j −   , then:


   Positive   ideal   solution    c j +  = max  c  i j     ,   j = 1 , 2 , 3 ⋯ ⋯ n   



(14)






   Negative   ideal   solution    c j −  = min  c  i j     ,   j = 1 , 2 , 3 ⋯ ⋯ n   



(15)








	4)

	
Calculate the Euclidean distance of each scheme from the positive ideal point and the negative ideal point. According to the Euclidean distance, the calculation formulas for the distances:    d i    +    and    d i    −    of each scheme i from the positive ideal point and the negative ideal point are:











   d i +  =         ∑  j = 1  n      c  i j   − max    c  i j          2       1 2     



(16)






   d i −  =         ∑  j = 1  n      c  i j   − min    c  i j          2       1 2     



(17)







The Equations (16) and (17) are used to obtain the distances from each scheme to the positive ideal solution and the negative ideal solution (   d i +    and    d i −   ), and then the evaluation values of space compactness, facility convenience, and green livable level for each administrative unit i in the study area of Suining County are calculated. The formula is as follows:


   G i  =    d i −     d i +  +  d i −     



(18)







Since the evaluation of village and town space is to better promote the construction pace of urban and rural overall planning, the construction level and evaluation results of the space compactness and facility convenience of villages and towns need to be studied at the overall level of urban and rural areas. In order to facilitate the evaluation and analysis at the county scale, Suicheng Town (Chengguan Town), four industrial parks, and two economic development zones are comprehensively evaluated. Finally, the evaluation scores of spatial compactness, facility convenience, and the space construction level of each administrative unit in Suining County are obtained, and the results and ranking are as follows (Table 7).




5.3. Analysis of Evaluation Results


In order to more scientifically and objectively classify the spatial development level of villages and towns in the study area and analyze its spatial pattern characteristics, the hierarchical clustering (Q-type) analysis method is selected with the help of SPSS 24.0 data statistical analysis software. The sample data are the above-mentioned statistical table of evaluation results. The inter-group link method is selected in the clustering process, and the Euclidean distance method is selected for distance measurement.








	(1)

	
Space compactness









As seen in Figure 5, the spatial compactness level of villages and towns in Suining County can be divided into four categories at most: Shaji Town (level one); Shuanggou Town, Qing’an Town, Liji Town, and Gupi Town (level two); Guanshan Town, Weiji Town, Liangji Town, Wangji Town, Taoyuan Town, and Gaozuo Town (level three); and Lingcheng Town, Yaoji Town, Qiuji Town, and Lanshan Town (level four). With Arc GIS 10.2 software, the visibility processing of the spatial differentiation characteristics of space compactness in Suining County is conducted. The results show that the spatial compactness level in the central area of Suining County is relatively high. Except for the four marginal villages and towns such as Shuanggou Town, Gupi Town, Liji Town and Shaji Town, the spatial compactness level of other villages and towns is relatively low. At the county scale, it roughly presents the spatial characteristics of the “X” pattern, decreasing from the middle to the surrounding (Figure 6).



The reasons for its formation are analyzed: the central area of Suining is the location of the main urban area. Its urbanization process is relatively fast, and its economic development level is relatively high, which has formed the agglomeration economic effect of high-quality development. Therefore, this area has the highest level of spatial compactness. The geographical location of Shuanggou Town in the northwest is advantageous. Provincial Highway 252, National Highway 104, Huai’an–Xuzhou Expressway, and Xuzhou–Mingguang Expressway intersect vertically and horizontally in the town. Xuzhou International Guanyin Airport and Xusu Huaiyan High-speed Railway Shuanggou Station are also located in the territory, and it borders the urban area of Xuzhou City. It is one of the three major satellite cities in the periphery of Xuzhou City, and it is also the sub-center of Suining County. The establishment of the provincial Airport Economic Development Zone in 2016 has implanted a powerful engine for the construction of villages and towns in Shuanggou Town, and formed the coordinated development path of mutual promotion between industry and city under the guidance of “industrialization-urbanization” two-wheel drive, making it so the layout of its spatial structure, public facilities, and land-use function adjustments have gradually moved towards a centralized and intensive development mode, initially forming a cluster linkage development pattern of population concentration to town and industry concentration in development zones. Accompanied by the development trend of “village urbanization” [37], it is necessary to further prevent the spread of village urbanization through the agglomeration and development of small towns. The ancient Pi Town in the northeast is historically known as the ancient city of Xiapi. It is the birthplace of the “Xiapi culture of the Han Dynasties”, with profound historical deposits. The Yishan Scenic Spot and ancient city site are located in the north of the town, and the tourism economy is developing rapidly. In addition, the central part of the town has superior ecological resources, and the Yellow River, the Xuhong River, and other water systems are intertwined. The largest freshwater reservoir in northern Jiangsu, the Qing’an Reservoir, is located in the south of the town. The overall terrain of the town is high in the northwest and low in the southeast. Because the ancient city ruins, mountains, and reservoirs in the town area belong to the prohibited and restricted development areas, and due to the provincial-level pilot program of “comprehensive land improvement in the old Yellow River watershed”, the construction of villages and towns has shown a pattern of agglomeration and development in the central region. Liji Town in the southwest has been an important trade and logistics town since ancient times. It is located at the junction of Jiangsu and Anhui, and is known as “Little Nanjing”. Its urbanization started early. In 2019, the urbanization rate exceeded 55%, and the built-up area exceeded 5 km2. It has initially formed the spatial development pattern of large-scale agricultural concentration in the north (population inflow to towns) and large-scale industrial concentration in the south (population inflow to new rural communities). Shaji Town, in the southeast, borders the urban area of Suqian in the east, and the traffic conditions in the territory are convenient. The Huai’an–Xuzhou Expressway, Provincial Highway 324, the Xuhong River, and the Xusha River channel intersect here and directly connect with the Hongze Lake, the Luoma Lake, and Beijing Hangzhou Grand Canal. Shaji Port provides a strong driving force for the development of the water logistics industry. Especially in recent years, relying on the construction of e-commerce platforms and taking the path of e-commerce, promoting Dongfeng Village as a development model, has led to the formation of characteristic industrial clusters, promoted the agglomeration and development of industrial parks, made the population continue to agglomerate in townships, and walked out the “Shaji model” of digital economy, realizing rural revitalization. In other villages and towns, due to the lack of resource endowment, obvious transportation location advantages, leading industries, and radiation drive from the economic circle, the process of industrialization and urbanization has been severely restricted, resulting in a weaker level of economic development, decentralization, and the hollowing-out of villages. Therefore, the development centripetal force of villages and towns is not strong, and the level of space compactness is low.








	(2)

	
Facility convenience









As seen in Figure 7, the level of facility convenience in villages and towns of Suining County can be divided into four categories at most: Gaozuo Town, Shuanggou Town, and Shaji Town (level one); Liji Town and Liangji Town (level two); Lingcheng Town, Taoyuan Town, Gupi Town, Qiuji Town, and Wangji Town (level three); Weiji Town, and Lanshan Town, Guanshan Town, Qing’an Town, and Yaoji Town (level four). With Arc GIS 10.2 software, the visibility processing of the spatial differentiation characteristics of facility convenience in Suining County is conducted. The results show that the level of facility convenience in the central and eastern regions of Suining County is relatively high. Except for five villages and towns such as Gaozuo Town, Liangji Town, Shaji Town, Shuanggou Town, and Liji Town, the level of facility convenience in other villages and towns is relatively low, showing the spatial characteristics of the right “人” (Chinese character) pattern at the county scale (Figure 8). At the town scale, it can be seen that the facility convenience of each unit in the central urban area of Suining (including Suicheng Town, Economic Development Zone, Ningjiang Industrial Park, Bali Metal Electromechanical Industrial Park, and Taolan Chemical Industry Park) presents an obvious “agglomeration-dispersion” trend from the center to the periphery. However, the facility convenience of each village and town unit basically presents the spatial agglomeration characteristics of the “center-node” differentiation structure (Table 8).



The reasons for its formation are analyzed: the central area of Suining is the location of the main urban area, its level of urbanization and economic development is relatively high, and the construction of infrastructure and public service facilities is relatively complete, so this area has the highest level of facility convenience. Due to the continuous expansion of urban construction, Liangji Town and Gaozuo Town, which are adjacent to the main urban area, have been included in the construction strategy of the integration in the north of the city and the new town in the east of the city. Especially when Suining High-speed Railway Station was put into operation at the border of Liangji Town in 2019, the main urban area has gradually accelerated the construction of the high-speed railway business district, and infrastructure and public service facilities have continued to radiate and gather in Liangji Town. At the same time, Liangji Town has accelerated its integration into the main urban area in terms of planning and construction and has continuously improved the construction level of public service facilities and infrastructure in the town. Driven by the radiation of Bali Metal Electromechanical Industrial Park and Ningjiang Industrial Park, Gaozuo Town has formed a high-tech industry agglomeration effect. The pace of the integrated development of industry and city has gradually accelerated, and infrastructure and public service facilities are seamlessly connected to the main urban area, realizing the interconnection. As Shuanggou Town and Shaji Town are adjacent to the urban areas of Xuzhou and Suqian, their location advantages are obvious. Driven by their radiation, they have formed an airport economic industry cluster and an e-commerce industry cluster, respectively. The development level of urbanization is relatively high, and the construction of infrastructure and public service facilities is relatively perfect. Liji Town has initially formed a relatively clustered development of townships, industrial areas, and communities. The layout of public service facilities is also relatively reasonable, and the infrastructure is interconnected, so the level of facility convenience is also high. In other villages and towns, it is relatively difficult to improve the level of public service facilities due to the lack of obvious location advantages, weak industrial foundation, and weak economic development level, so the level of facility convenience is relatively low.





6. Discussion


6.1. Comparison with Other Related Studies


The evaluation system is compared with other relevant studies to highlight the rationality and innovation of this study. At present, the research on the evaluation of “spatial compactness” at home and abroad mainly focuses on urban areas. For the measurement of scale, Guindon B analyzes the spatial compactness level from the spatial distribution of the population and the distance from different population divisions to the urban CBD through the population density indicator [38]. Some scholars select population density, economic density, land density, and other indicators to evaluate the spatial compactness and analyze its spatial-temporal changes [39,40,41]. The research results show that the unit land density value is used to characterize compactness, and the compactness level can be reflected more comprehensively and objectively through multi-index evaluation. Moreover, there is a certain correlation between the density index of “population-economy-land” and compactness. That is to say, the larger the population in the unit land, the higher the economic output value; the smaller the proportion of construction land in the study area, the higher the compactness, and vice versa. The measurement of form originated in the west, and Richardson [42], Gibbs [43], Cole [44], Boyce-Clark [45], and other foreign scholars have successively put forward calculation formulas for compactness. Seen from the value judgment of the formulas, these scholars all believe that the more circular the urban form is, the more compact the space is. Domestic scholars Wu Jin [46] and Wang Xinsheng et al. [47], respectively, use the calculation formulas proposed by Cole and Boyce-Clark to study the spatial and temporal evolution of urban form compactness in China and analyze its spatial characteristics and change trend. However, these formulas are only applicable to the urban shape of a single patch [48]. Compared with the villages and towns with high fragmentation, the compactness level can be objectively explained through the comprehensive measurement of multiple indicators. Many scholars evaluate the compactness of urban function from the land-use diversity index, the proportion of industrial land, the proportion of residential land, and other indicators [40,41,49,50].



The evaluation research on “spatial compactness” in rural areas is mainly explained by optimizing the spatial layout of rural settlements to improve the level of intensive land use. By selecting patch area, patch number, patch distribution density, the proportion of construction land, average nearest distance, average patch area, average patch shape index, area-weighted average patch fractal dimension, land-use fragmentation index, and other landscape pattern indicators, some scholars analyze the spatial distribution characteristics of urban and rural residential areas by GIS technology and landscape pattern analysis methods [51,52,53]. By selecting several landscape pattern indicators, Zhao Xin et al. analyze the spatial distribution characteristics of urban and rural residential areas through GIS technology and the landscape pattern analysis method. On this basis, an ant colony optimization model is built to optimize the spatial layout of urban and rural residential areas with the goal of suitability and compactness [21]. By comparing these research results, it could be found that it can adapt to the spatial form of villages and towns with multiple patches by selecting the average nearest neighbor distance, average patch shape, and land-use fragmentation index, and multi-index comprehensive measurement can comprehensively and objectively evaluate the compactness level of the spatial form of villages and towns.



Existing research results show that domestic and foreign scholars have discussed the evaluation index of “spatial compactness” from different perspectives to some extent, but the evaluation system has not yet formed a unified quantitative standard [54]. Especially, the research on rural areas is still in the blank stage. In this study, the selection of evaluation indicators for “spatial compactness” in rural areas fully draws on the evaluation indicators of “compact cities”, specifically including three aspects of compact scale, compact form, and compact function [40,55]. Combined with the relevant research results of “spatial compactness” in the villages and towns of China, a more comprehensive evaluation index system for spatial compactness in villages and towns has been determined for the first time.



For the evaluation research on “facility convenience”, foreign scholars have not been involved yet, and domestic scholars’ research is concentrated on urban areas. Many scholars have built an evaluation index system based on POI data, quantitatively calculated the facility convenience index, analyzed the spatial pattern characteristics of public service facilities with the help of GIS spatial analysis tools, and then put forward targeted guidance on spatial optimization layout, effectively improving the efficiency of facility allocation [36,54,56,57]. For rural areas, only Sun Jinying et al. conducted field visits and surveys on facility indicators from the perspective of convenience in the evaluation system of livable communities in villages and towns to obtain statistical data and obtained evaluation indicators in combination with expert scoring [58]. The evaluation indicators are mainly qualitative evaluation and lack scientific and objective data support. On the basis of reference, this study also determines the six aspects of commerce, science and education, transportation, medical treatment, life services, leisure, and entertainment as the evaluation indicators of facility convenience in villages and towns.



Based on the research on the current situation of village and town space in northern Jiangsu, the results show that there is a mutual influence and restriction between spatial compactness and facility convenience. Moreover, relevant research results have demonstrated that if the population size fails to reach the minimum threshold for facility allocation, the needs of residents will make it difficult to support the improvement of spatial functional diversity [59]. After that, it will bring about problems such as a high cost of facility construction and use, low efficiency of resource utilization, and imperfect supporting services [60]. It could affect the service level of living and production functions, accelerate population loss in villages and towns and the generation of idle land, and the stability of the village scale will be reduced. In addition, the lack of unified planning and management has led to the disorderly expansion of the village scale and the repeated construction of facilities [61]. Based on the above considerations, in accordance with the principles of availability, feasibility, comparability, and measurability, spatial compactness and facility convenience are integrated into the spatial evaluation index system of villages and towns in this paper. The indicators are not only independent, but also interrelated, and together form an organism with internal relevance. It can not only ensure the intensive land use in villages and towns, but also scientifically set up the layout structure of facility points, and guide the spatial construction of villages and towns in a compact, intensive, convenient, and efficient development direction.




6.2. Contribution and Impact


The research puts forward the evaluation index system of village and town space based on the current situation of the spatial development of villages and towns in northern Jiangsu, which points out the direction for the construction of villages and towns in China to a certain extent. The evaluation content is more in line with the actual needs of rural revitalization strategies and the transformation and development of village and town space at the present stage in China, which is conducive to promoting the coordinated and sustainable development among the economic society, resources and environment, and the residents’ lives, and realizing the intensive space, people-oriented, livable, green, and efficient development demands, with important economic and social benefits. The evaluation system framework used in the study is built based on multi-source data and digital technology. The quantitative method of “collection-processing-analysis-calculation” is used to study the current situation of rural space construction, which has promoted the digital transformation of the rural evaluation system in China to a certain extent. In the future, it will be widely used in quantitative research on village and town layout form, land use, spatial reconstruction, etc. [62,63]. Moreover, it can properly adjust the evaluation indicators and weights according to the developmental differences and needs of villages and towns in the study area, and carry out the evaluation application of village and town space in a wider range. The evaluation results can have important reference values for regional planning and further promote the application of digital technology in the field of village and town planning.



In this study, the evaluation system is applied to study the village and town space of Suining County, and the evaluation results can scientifically and objectively reflect the construction level of spatial compactness and facility convenience in villages and towns of Suining County. Based on the analysis of the evaluation results, it can provide a targeted design scheme of spatial optimization for the construction of villages and towns in Suining County, determine the overall spatial structure of the county from the two aspects of spatial zoning guidance and village classification layout, formulate differentiated zoning construction guidance strategies, and define the spatial carrier for the development of villages and towns according to the ideas of agglomeration and upgrading, suburban integration, characteristic protection, relocation, and merging. On this basis, in terms of the allocation level of public service facilities, it can build the life circle pattern in urban and rural areas by introducing the life circle theory and optimizing and adjusting their spatial layout according to local conditions in combination with the construction status of public service facilities. It is expected to achieve more reasonable spatial planning for the villages and towns of Suining County, optimize the spatial structure and facility layout of villages and towns, improve the utilization efficiency of land resources, reduce the capital cost of facility construction, promote the benign interaction between spatial quality and environmental benefits, and further improve the spatial construction level of villages and towns in Suining County, so as to help the in-depth implementation of rural revitalization and construction in Suining County and provide a reference for the development of research work on the evaluation of village and town space and urban-rural spatial transformation in different regions of China.




6.3. Limitation and Prospect


It is a complex and long process to carry out the evaluation and research on village and town space. The research framework of the digital evaluation system used in this paper is only an exploratory attempt, and there are certain limitations in the research that need to be optimized and improved in the follow-up research. (1) Data accuracy: restricted by the research fund, the remote sensing data used in this paper are Landsat8 OLI_TIRS satellite digital products with an accuracy of 30 m. There are certain restrictions on the spatial research at the village and town levels, and this can cause recognition errors in the image in the feature classification link. Therefore, remote sensing image data with higher precision should be selected in the later research. (2) Technology application: the supervised classification of the image also needs to be further optimized. Through the introduction of deep learning technology, the accuracy of image classification is increased, to improve the accuracy of evaluation index data, so as to ensure the objectivity of evaluation results. (3) Index composition: as the research data of public service facilities, POI data are easy to obtain, but there are also some problems such as a lack of online data and data anti-crawling. Moreover, the data are obtained in the form of “points”, so it is impossible to determine the boundary scale, shape scale, actual utilization status, and other information, which can only reflect the spatial layout and density of facilities. For the measurement of facility convenience, the calculation result of nuclear density is used as the evaluation index value, and it is not combined with road network, distance, and other data for analysis. Therefore, relevant indicators of spatial accessibility [6,7,8,64] can be incorporated into the evaluation system for overall consideration in the later research.





7. Conclusions


By introducing multi-source open data (remote sensing data, POI data, the spatialization data of population and economy) as the original data of evaluation indexes, and using digital technology to establish the technical route for the digital translation of evaluation indexes, the “secondary creation” of data is realized. Compared with the traditional evaluation research process, it reveals the potential and advantages of big data and digital technology in the research of village and town space evaluation, verifies the feasibility of the research means of “big data + digital technology” for the construction of an evaluation system, and has been successfully applied to the research of village and town space evaluation in Suining County. The main conclusions are as follows: (1) In terms of spatial compactness in villages and towns of Suining, the score of Shaji Town is 0.380, which is the highest, while the score of Lanshan Town is 0.152, which is the lowest. In terms of facility convenience, the score of Gaozuo Town is 0.189, which is the highest, while the score of Yaoji Town is 0.012, which is the lowest. In terms of the total score of spatial evaluation, the score of Shaji Town is 0.233, which is the highest, while the score of Lanshan Town is 0.076, which is the lowest. There is little difference in scores between villages and towns. In the remaining villages and towns, only Yaoji Town has a score lower than 0.1 (0.09), and other villages and towns are concentrated in the score range of 0.1–0.2. (2) At the county level, the spatial compactness of Suining villages and towns roughly presents the characteristics of the “X” pattern, decreasing from the middle to the four sides, while facility convenience generally presents the characteristics of the right “人” (Chinese character) pattern. At the town level, facility convenience basically presents the pattern characteristics of the “center-node” differentiation structure.



It can be predicted that the improvement of multi-source data covered in villages and towns and the promotion of digital technology applied in villages and towns will have a positive impact on the digital transformation and reform of the evaluation and research work in villages and towns, so as to promote the sustainable and in-depth development of the construction of digital villages and towns and provide real-time, quantitative, and accurate data and method support for the planning and decision-making of villages and towns.
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Figure 1. Thoughts on the transformation of village and town space construction in Suining County. 
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Figure 2. Spatial construction mode of villages and towns in Suining County. 
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Figure 3. Research framework of village and town space evaluation system based on multi-source data and digital technology. 
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Figure 4. Nuclear density analysis of public service facilities in Suining County. 
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Figure 5. Cluster analysis pedigree of space compactness in villages and towns of Suining County. 
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Figure 6. Spatial differentiation diagram of space compactness in Suining County. 
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Figure 7. Cluster analysis pedigree of facility convenience in the villages and towns of Suining County. 






Figure 7. Cluster analysis pedigree of facility convenience in the villages and towns of Suining County.



[image: Sustainability 14 07603 g007]







[image: Sustainability 14 07603 g008 550] 





Figure 8. Spatial differentiation diagram of facility convenience in Suining County. 
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Table 1. Construction land change of villages and towns in northern Jiangsu from 2005 to 2019.
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	Year
	Built-Up Area of Organic Towns (Unit: km2)
	Built-Up Area of Township (Unit: km2)
	Village Land Area (Unit: km2)





	2005
	662
	79
	3710



	2010
	988
	92
	3922



	2015
	1088
	89
	3770



	2019
	1110
	50
	3270



	Change range during 2005–2019
	+448
	−29
	−440
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Table 2. Village land-use changes in northern Jiangsu from 2010 to 2019.
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	Year
	Average Village Land Area (Unit: hm2)
	Per Capita Village Land Area (Unit: m2)





	2010
	6.33
	199



	2015
	6.35
	210



	2019
	5.92
	183
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Table 3. Interpretation of the spatial form types of villages and towns in northern Jiangsu.
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	Type
	Formation Mechanism and Morphological Characteristics
	Typical Atlas
	Advantage
	Disadvantage
	Major Region





	Zoned centralized type
	This type is mostly distributed in the suburbs of various cities. Driven by the radiation of economy and infrastructure, it mostly develops in the production mode of “half industry and half agriculture”. The village is large in scale, and the spatial form is relatively concentrated
	 [image: Sustainability 14 07603 i001]
	Compact space, intensive and efficient land use, relatively independent function, and convenient facilities
	Poor coordination between functions, more convenient facilities
	Industry-led villages in cities (smaller part)



	Mixed concentrated type
	This type is mainly distributed in low-lying plain areas. In terms of agricultural production, there are both dry farming and paddy fields. The farming radius and village density are relatively large, but the edge shape is broken
	 [image: Sustainability 14 07603 i002]
	Compact space, intensive and efficient land use, and convenient facilities
	Mutual interference and confusion between functions, more convenient facilities
	Huai’an (smaller part), Lianyungang (smaller part)



	Punctate dispersion type
	This type is mainly distributed in lakes and hillock areas (Hongze Lake, Weishan Lake, Luoma Lake). Most farmers choose their fields to live and the villages are sparse and small. The spatial form is mostly scattered, with a high degree of fragmentation
	 [image: Sustainability 14 07603 i003]
	Flexible layout and high integration with the surrounding environment
	Not compact space, weak connection between functions, and inconvenient facilities
	Huai’an (most regions), Xuzhou (smaller part), Suqian (smaller part)



	Linear dispersion type
	This type is mainly distributed in the Jiangsu coastal reclamation area. Due to the impact of water conservancy facilities built in the early stage, in order to facilitate agricultural production, farmers mostly built their houses on both sides of rivers or roads close to cultivated land, forming a strip linear spatial form for a long time. The village is small in scale, scattered, and highly fragmented as a whole
	 [image: Sustainability 14 07603 i004]
	Flexible layout and convenient transportation
	Not compact space, poorer connection between functions, and inconvenient
	Lianyungang (smaller part), Yancheng (most regions)



	Agglomerate dispersion type
	This type is mainly distributed in plains and hills, with sufficient cultivated land. Due to the low density of the river network, dry farming is the main agricultural production mode. The farming radius is large, and a large-scale village is dominant, which is scattered as a whole and partially grouped. The shape is regular, and the connectivity and integrity are also good
	 [image: Sustainability 14 07603 i005]
	Flexible layout and intensive land use
	Not compact space, inconvenient traffic, and repeated construction of facilities
	Lianyungang (most regions), Xuzhou (most regions), Suqian (most regions)
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Table 4. Village planning and construction documents in Jiangsu Province from 2003 to 2014.
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Year

	
Introduction Department

	
Document

	
Content






	
2003

	
Jiangsu Provincial Government

	
Opinions on Deepening the Reform of Land Use System and Optimizing the Allocation of Land Resources

	
It is required to vigorously implement the consolidation of idle land in villages and new rural houses should be built in plots after unified planning




	
2004

	
Notice on Effectively Strengthening Intensive Land Use

	
Promoting the construction of “three centralization” in villages and towns, namely industry concentrating in development zones, population concentrating in cities and towns, and housing concentrating in communities




	
2005

	
Notice of the General Office of the Provincial Government on the Preparation of Town and Village Layout Planning in the Whole Province

	
Acting according to circumstances, combining with practice, abolishing and integrating scattered natural villages, gradually implementing the construction of centralized residential areas




	
2009

	
Overall Land Use Planning of Jiangsu Province (2006–2020)

	
Further promoting the centralized layout and construction of farmers’ housing in cities, towns, and villages




	
2010

	
Notice of the General Office of the Provincial Government on Strengthening the Overall Urban and Rural Planning

	
Strictly controlling the rural spatial form, emphasizing spatial agglomeration and intensive development, giving consideration to the balanced construction of urban and rural public services




	
2014

	
Notice on Optimizing the Layout and Planning of Towns and Villages

	
Accelerating the optimization and adjustment of urban and rural spatial layout and structure and building a new compact urban and rural pattern
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Table 5. Evaluation index system of village and town space.
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Criterion Layer I (Weight)

	
Criterion Layer II (Weight)

	
Index Layer (Weight)

	
Index Trend






	
Spatial compactness (0.347)

	
Scale compactness (0.125)

	
Spatial density of population (0.037)

	
+




	
Spatial density of economy (0.038)

	
+




	
Proportion of construction land (0.050)

	
−




	
Form compactness (0.095)

	
Mean patch shape index (0.031)

	
−




	
Average nearest neighbor distance (0.023)

	
−




	
Land fragmentation index (0.041)

	
−




	
Function compactness (0.127)

	
Land use diversity index (0.029)

	
+




	
Proportion of industrial land (0.048)

	
+




	
Proportion of residential land (0.050)

	
+




	
Facility convenience (0.653)

	
Commercial convenience (0.091)

	
Catering (0.030)

	
+




	
Shopping (0.028)

	
+




	
Accommodation (0.032)

	
+




	
Science and education convenience (0.091)

	
Primary and secondary schools (0.030)

	
+




	
Kindergartens (0.031)

	
+




	
Education and training institutions (0.029)

	
+




	
Traffic convenience (0.129)

	
Parking lot (0.035)

	
+




	
Station (0.059)

	
+




	
Bus stop (0.035)

	
+




	
Medical convenience (0.102)

	
General hospital (0.032)

	
+




	
Community health station (0.042)

	
+




	
Pharmacy (0.028)

	
+




	
Convenience of life service (0.119)

	
Financial network (0.033)

	
+




	
Communication operator (0.050)

	
+




	
Logistics network (0.036)

	
+




	
Leisure and entertainment convenience (0.121)

	
Leisure place (0.030)

	
+




	
Entertainment place (0.029)

	
+




	
Sports venues (0.061)

	
+











[image: Table] 





Table 6. Quantitative interpretation of evaluation indexes.
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	Index Layer
	Formula
	Quantitative Interpretation





	Spatial density of population
	   P D I =    P i     A i      
	PDI is the spatial density of a population, and the unit is persons/km2; Pi is the total resident population in the i study unit; Ai is the total land area in the i study unit



	Spatial density of economy
	   E D I =    E i     A i      
	EDI is the spatial density of the economy, and the unit is 104 yuan/km2; Ei is the economic aggregate in the i study unit; Ai is the total land area in the i study unit



	Proportion of construction land
	   C D I =   C A    A i    × 100 %   
	CDI is the proportion of construction land, and the unit is %; CA is the total area of construction land in the i study unit; Ai is the total land area in the i study unit



	Mean patch shape index
	   M S I =  1 n  ×   ∑  i = 1  n      C i    4 ×    S i          
	MSI is the mean patch shape index; Ci is the girth of the ith patch; Si is the area of the ith patch



	Mean nearest neighbor distance
	   M N N =  1 n  ×   ∑  i = 1  n    h i      
	MNN is the mean nearest neighbor distance; hi is the distance between the ith residential area patch and its nearest residential area patch



	Land fragmentation index
	   F I =   N − 1  D  × 100 %   
	FI is the land fragmentation index; N is the total number of construction land patches; D is the ratio of total land area to the minimum land area in the study unit



	Land use diversity index
	   L U I = −   ∑  i = 1  n      x i  × ln  x i        
	LUI is the land-use diversity index; xi is the proportion of land belonging to type i in the total land use of the research unit; n is the total number of land types



	Proportion of industrial land
	   P I L =    Y i     A i    × 100 %   
	PIL is the proportion of industrial land, and the unit is %; Yi is the industrial land area in the i study unit; Ai is the total land area in the i study unit



	Proportion of residential land
	   P R L =    R i     A i    × 100 %   
	PRL is the proportion of residential land, and the unit is %; Ri is the residential land area in the i study unit; Ai is the total land area in the i study unit



	Catering, shopping, and accommodation; primary and secondary schools, kindergartens, education and training institutions; parking lot, station, and bus stop; general hospital, community health station, pharmacy; financial network, communication operators, and logistics network; places of leisure, entertainment, and sports
	    D  i j   =    X  i j      A  i j       
	Dij shows the distribution density of the jth class of facility in the ith study unit, and the unit is km−2; Xij shows the total number of the jth class of facility in the ith study unit; Ai shows the total land area in the ith study unit
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Table 7. Evaluation results and ranking of administrative units in Suining County.
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	No.
	Study Area
	Space

Compactness
	Ranking
	Facility Convenience
	Ranking
	Space Construction Level
	Ranking





	1
	Suicheng Town
	0.703
	3
	0.785
	1
	0.766
	1



	2
	Wangji Town
	0.211
	16
	0.040
	17
	0.103
	19



	3
	Shuanggou Town
	0.257
	8
	0.175
	9
	0.196
	9



	4
	Lanshan Town
	0.152
	22
	0.024
	19
	0.076
	22



	5
	Liji Town
	0.249
	10
	0.126
	11
	0.161
	11



	6
	Taoyuan Town
	0.211
	16
	0.062
	14
	0.111
	15



	7
	Guanshan Town
	0.221
	13
	0.021
	20
	0.104
	18



	8
	Gaozuo Town
	0.211
	16
	0.189
	7
	0.194
	10



	9
	Shaji Town
	0.380
	5
	0.174
	10
	0.233
	7



	10
	Lingcheng Town
	0.188
	19
	0.073
	13
	0.110
	16



	11
	Qiuji Town
	0.172
	21
	0.045
	16
	0.093
	20



	12
	Gupi Town
	0.234
	12
	0.054
	15
	0.124
	13



	13
	Yaoji Town
	0.184
	20
	0.012
	22
	0.090
	21



	14
	Weiji Town
	0.212
	14
	0.029
	18
	0.105
	17



	15
	Liangji Town
	0.216
	15
	0.123
	12
	0.148
	12



	16
	Qing’an Town
	0.253
	9
	0.015
	21
	0.122
	14



	17
	Economic Development Zone
	0.743
	1
	0.303
	5
	0.411
	4



	18
	Ningjiang Industrial Park
	0.642
	4
	0.455
	2
	0.495
	2



	19
	Bali Metal Electromechanical Industrial Park
	0.723
	2
	0.409
	3
	0.476
	3



	20
	Taolan Chemical Industry Park
	0.332
	6
	0.281
	6
	0.292
	6



	21
	Airport Industrial Park
	0.306
	7
	0.304
	4
	0.304
	5



	22
	Modern Agricultural Demonstration Area
	0.246
	11
	0.185
	8
	0.199
	8
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Table 8. Interpretation of the spatial differentiation structure of facility convenience in villages and towns of Suining County.






Table 8. Interpretation of the spatial differentiation structure of facility convenience in villages and towns of Suining County.





	Name of Villages and Towns
	Differentiated Agglomeration Structure





	Wangji Town
	“1 + 1 + 1” of three levels: namely town area (main center), Pinglou (sub-center), Sutang (node)



	Shuanggou Town
	“1 + 1” of two levels: namely town area (main center), Guanlu (node)



	Lanshan Town
	“1 + 4” of two levels: namely town area (main center), Chenji, Huji, Xingwei, Shuizhang (node)



	Liji Town
	Forming town agglomeration



	Taoyuan Town
	“1 + 1 + 1” of three levels: namely town area (main center), Zhuji (sub center), Zhupeng (node)



	Guanshan Town
	“1 + 1 + 1” of three levels: namely town area (main center), Huangji (sub-center), Tangji (node)



	Gaozuo Town
	Forming town agglomeration



	Shaji Town
	“1 + 3” of two levels: namely town area (main center), Xiawei, Dagu, Dongfeng (node)



	Lingcheng Town
	“1 + 1” of two levels: namely town area (main center), Liwei (node)



	Qiuji Town
	“1 + 1 + 3” of three levels: namely town area (main center), Wanglin (sub-center), Yaowei, Zhukai, Nianpan (node)



	Gupi Town
	“1 + 1” of two levels: namely town area (main center), Lvji (node)



	Yaoji Town
	“1 + 1 + 4” of three levels: namely town area (main center), Zhangwei (sub-center), Liuji, Datong, Liudian, Gaodang (node)



	Weiji Town
	“1 + 1 + 2” of three levels: namely town area (main center), Putang (sub-center), Wangwei, Xudaizhuang (node)



	Liangji Town
	“1 + 1 + 2” of three levels: namely town area (main center), Liuweiwei (sub-center), Sunmiao, Qianxi (node)



	Qing’an Town
	“1 + 1 + 2” of three levels: namely town area (main center), Longji (sub-center), Yangwei, Guaner (node)
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