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Abstract

:

Studying the differences in the township gradient of rural construction land structures at the microscale is beneficial for the adjustment of rural construction land structure based on local conditions and differentiation, for the classification and guidance of the scientific planning and management of rural construction land, and for improving the level of intensive use of rural construction land. In this study, we took 268 administrative villages of Yuzhong County in the Loess Hilly Region as the research object and conducted research on the internal structure and gradient difference of rural construction land from two aspects: quantitative structure and spatial layout. The main conclusions are as follows: (1) the distribution of rural construction land has significant connection with the river and road. The land structure of the county is simple, with large differences in area and uneven quantities between different types; (2) the shape of a rural construction land patch is complicated, with a high degree of fragmentation. The spatial agglomeration is not significant, and there is a significant difference between “east-west-north-south” in space; (3) the rural construction land has a significant gradient effect at the township level. In terms of quantitative structure, the closer the construction land is to key towns and central towns, the more complex the construction land, the higher the information entropy as well as the equilibrium degree, and the lower the dominant degree. Moreover, the spatial layout shows an upward trend in the fractal dimension, fragmentation degree and separation degree when the level of the township decreases.
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1. Introduction


Rural construction land, also known as rural settlement land [1], includes rural residential land, infrastructure land, public service facility land, industrial development land, transportation land, and other lands within a particular village space. Rural construction land is an integral part of rural land use, and it also demonstrates the core of the rural man–land relationship in providing living places and space for human beings [2,3]. In the context of globalization, urbanization, informatization, and marketization, the world economy is growing at a high speed, and the process of regional integration is accelerating. Rural regions are experiencing social, economic, and cultural transformation in a general way [4,5], which involves various aspects of rural population, land, and industries, for example: the regional differentiation of rural land types, the non-agriculturalization of land types and functions, the upgrading of agricultural, industrial structures, and the transformation of employment and consumption patterns [6,7,8,9,10]. These have resulted in rapid changes in the physical and human landscapes of rural areas, for example: the expansion of a large number of rural residential land base areas, the increase in urban-rural migration, the strengthening of industrial suburbanization, and the significant differences in land use gradients in rural areas [11,12,13,14]. The situation of a single land use type, in the traditional agricultural society where farmers’ livelihoods depended on agricultural production with the rural construction land for residential land due to the low productivity level, has been broken [15].



With the deepening urbanization of the population and land, and the suburbanization of industries, rural construction land is also gradually displaying diversification trends and rustic economic structure, production, and lifestyles [16]. The study of rural construction land would help in understanding the changes of rural land elements in urbanization and suburbanization, and help optimize the rural land use pattern. Earlier European and U.S. scholars conducted a series of studies on the formation, layout, and influencing factors of rural construction land and yielded fruitful results [17]. In recent years, scholars have considered rural construction land as a patch by using the landscape pattern index and analyzed its form, spatial pattern evolution, driving mechanism, its relationship with population and industry, the transformation of rural construction land, and its relationship with other rural land uses [18,19,20,21,22,23,24,25]. Research methods have ranged from qualitative description to quantitative analysis, and the research paradigm of urban land use has been introduced into the study of rural construction land [26,27].



China has been influenced by the ideology of emphasizing the city over rural areas for a long time, and the study of rural construction land has always lagged behind that of urban land. Since the reform and opening-up, rural non-agricultural industries have developed dramatically. Scholars have conducted numerous studies on the formation mechanism, spatial distribution pattern, influencing factors of rural non-agricultural industries, and the relationship between rural non-agricultural industries and agricultural land and industries. Then, several academic achievements of theoretical speculations have emerged. In the new era, rural economic forms, social and cultural functions, and cultural forms are affected by globalization, urbanization, informatization, and marketization. All kinds of commodities and capitals are shifting to rural markets [28,29]. Farmers’ livelihoods are gradually becoming diversified and non-agricultural; rural settlements, residential forms, land resources, and other rural spatial landscapes have shown a tendency to diversify [30]. The types of rural construction land have become more abundant, and the trend of conversion to urban land types is apparent, namely, from a traditional residential-based land type to a “residential-industry-tourism-commercial service” multiple-complex land use model. However, at the same time, there are issues such as the chaotic land structure, the interrelation of various land types, and the extensive use of various construction land, which is inconsistent with the new rural construction and is not conducive to the rural revitalization and the construction of a moderately prosperous society [31]. Different types and scales of rural construction land reconstruction [32], remediation potential analysis [33,34], adaptability evaluation [35,36], spatial layout optimization [37,38], internal space reconstruction [39,40], and “hollowing” [41,42] have gradually become an important part of research of Chinese rural geography. The quantitative in-depth analysis method combining the spatial analysis function of ArcGIS and PRA is used to summarize the natural gradient of rural construction land with the change of topographic factors, the urban–rural gradient of “center-periphery” and the geographical gradient of “Pinghu-Hill-Mountain” [43,44]. However, most of the studies focus on plain regions with relatively good natural resources and economic conditions in terms of the research area. In contrast, few studies are focused on ecologically fragile areas with poor natural conditions, backward socio-economics, and high population pressure. In terms of the research scale, most of the studies are focused on macro and mesoscale research, and the reviews in the micro-village scale are relatively weak. In terms of the research object, the rural construction land is mainly considered a patch or the most basic land use type. It is challenging to meet the requirement of refined management of rural construction land. The landscape pattern index is used to describe its external spatial external shape in terms of research content. Still, the quantitative structure and spatial layout law of rural construction land are not deeply revealed, and it is difficult to uncover the microscopic differences of internal rural land structure and its influence mechanism. In conclusion, the research on the internal structure of rural construction land is relatively insufficient, and it is necessary to deepen further the research on the structure of rural construction land from the micro-scale.



The Loess Hilly and gully region has a fragmented terrain and fragile ecological environment, and is the key and difficult region for rural development and construction in China. This article focused on the rural construction land at the micro-scale, and took Yuzhong County in the Loess Hilly region of Longzhong as a case to study the internal structure and gradient difference of rural construction land from two aspects: quantitative structure and spatial layout. This study can provide theoretical and methodological references for the research of rural transformation and development, and rural revitalization in the Loess Hilly and gully region. In addition, it provides technical support and decision support for the coordination of the man–land relationship in the ecologically fragile region by optimizing the layout of rural construction land, improving the level of intensive use of rural construction land, and promoting the sustainable development of rural economy.




2. Materials and methods


2.1. Study Arear


Yuzhong County is a golden node of “One Belt One Road” and is an important satellite city of Lanzhou, the capital of Gansu Province. It is located between 103°49′15″–104°34′40″ east longitude and 35°34′20″–36°26′30″ north latitude (Figure 1). It is 92 km from north to south, 54 km from east to west, with a total area of 3294.7 km2. Yuzhong County is the intersection of the Loess Plateau and the Qinghai–Tibet Plateau. The terrain is high in the south and low in the north, and the middle part is low-lying and saddle-shaped, with an average elevation of 1480–3670 m. It belongs to a temperate continental climate, with huge climate changes and drought with less rainfall. The annual average temperature is 6.6 ℃, the average annual rainfall is 350 mm, and the annual average evaporation is 1343 mm. In 2019, Yuzhong County had jurisdiction over 11 towns, 9 townships, and 268 administrative villages, with a total registered population of 45.8 × 104, of which the agricultural population was 35.03 × 104, accounting for 76.48% of the total population. The county’s gross national product was 155.71 × 108 yuan, and the ratio of the three industries was 9:47:44. The per capita disposable income of urban and rural residents reached 25,789.39 yuan and 12,000 yuan, respectively.



Combining the “Urban Master Plan of Yuzhong County (2014–2030)” and “Urban-Rural Overall Planning of Yuzhong County (2015–2030)”, the 20 townships of Yuzhong County were classified into three gradients: key towns, central towns and general towns. Key towns include Xiaguanying Town, Heping Town, Dingyuan Town, Chengguan Town. Central towns include Qingcheng Town, Jinya Town, Gongjing Town, Gaoya Town, and Gancaodian Town. General towns include Zhonglianchuan Town, Yuanzicha Township, Xinying Town, Xiaokangying Township, Weiying Township, Shanghuacha Township, Qingshuiyi Township, Mapo Township, Longquan Township, Lianda Town, and Haxian Township. The key towns are centrally distributed in the central Chuan region, the central towns are scattered in the central plains region and the northern mountainous region, and the general towns are distributed in the southern and northern mountainous regions. The township gradient determines the differences in local policies, fiscal economy, and industrial investment, which in turn affect the structure of rural construction land (Table 1).




2.2. Data Sources


This study took 268 administrative villages in Yuzhong County as the evaluation unit, and the adopted data include two parts: basic map data and vector data of the rural construction land of administrative villages. The topographic map of Yuzhong County (1:250,000) and the administrative boundary vector (1:250,000) in the basic map data were from the Gansu Bureau of Surveying and Mapping. The vector map data of rural construction land of administrative villages were from the “the third land survey” database of Yuzhong County in 2019. On the basis of the classification system of land use status (GB/T21010, 2007), and according to scholars’ research on rural residential land [45,46], this article divided the rural construction land of administrative villages into six types: residential land, public service land, infrastructure land, industrial production land, commercial and tourism land, and green land.




2.3. Research Methods


The structure of rural construction land can not only reflect the differences in economic structure and industrial structure among villages, but also characterize the level of township. This paper analyzed the quantitative structure and spatial layout. The quantitative structure is reflected by three indicators: information entropy, equilibrium degree, and dominant degree. The spatial layout is reflected by three indicators: fractal dimension, fragmentation degree and separation degree. Firstly, the required data, such as the area of rural construction land and patches, are counted, then the specific indicators are measured. Finally, the spatial visualization of every indicator is made with the help of the spatial analysis of ArcGIS.



2.3.1. Quantitative Structure Analysis


	(1)

	
Information entropy







Information entropy is often used as a quantitative indicator of system information content [47,48]. The quantitative structure of rural construction land can be regarded as the land use type information of the rural construction land, and is identified according to the type information of rural construction land. The calculation formula is:


   H i  = −   ∑   k = 1  n   a  i k   log (  a  i k   )  



(1)




where Hi is the information entropy of the land use type of i-th rural construction land, and aik is the proportion of the k-th type of land of the i-th village. The smaller the value of Hi, the more monotonous the quantitative structure of the rural construction land. On the other hand, the greater the value of Hi, the more diverse the land use types and the more complex the structure of the rural construction land. Hmin = 0 means that there is only one land use type for the rural construction land in the evaluation unit. If the use type of the rural construction land tends to be at an equilibrium and the area is equal in the village, Hmax = log(n).



	(2)

	
Equilibrium degree







The equilibrium degree can better describe the difference in the area of different types of rural construction land. The calculation formula is:


   E i  =   −   ∑   k = 1  n   a  i k   log (  a  i k   )   l o g  n     



(2)




where Ei is the equilibrium degree of the i-th rural construction land, E ∈ [0,1]. The greater the value, the closer it is to the equilibrium. When E=0, the rural construction land structure is in a nonequilibrium state, which means the rural construction land has a single land use type. When E = 1, the rural construction land structure is in an equilibrium state, that is, areas of all types of rural construction land are equal.



	(3)

	
Dominant degree







The degree of control of the main types of rural construction land on the entire rural construction land was analyzed through the dominant degree, which is negatively corelated with the equilibrium degree. The calculation formula is:


   D i  = 1 −  E i   



(3)




where Di is the dominant degree of the i-th rural construction land. The value range of the dominant degree is the same as that of the equilibrium degree, reflecting the degree of control of one or more types of land use to the rural construction land.




2.3.2. Spatial Layout Analysis


	(1)

	
Fractal dimension







Fractal dimension is an important indicator reflecting the overall characteristics of the land use spatial pattern [49]. It is commonly used to determine the complexity of patch shapes of the land use type. The calculation formula is:


  F D =   2 lg    p 4      lg  A     



(4)




where FD is the fractal dimension, P is the perimeter of the type patch, and A is the area of the type patch. The theoretical range of the fractal dimension is 1.0–2.0; 2.0 means the shape of the type patch is the most complicated.



	(2)

	
Fragmentation degree







In landscape ecology, the fragmentation degree indicates how fragmented the landscape is. This article used the number of rural construction land patches per unit area to characterize the fragmentation degree. The calculation formula is:


  C =   ∑  N i   A   



(5)




where C represents the fragmentation degree of the landscape, ∑Ni is the total number of construction land patches, and A is the total area of the rural construction land.



	(3)

	
Separation degree







The separation degree reflects the degree of spatial dispersion or agglomeration of different types of patches in the rural construction land in the landscape. The calculation formula is:


  F =     S  N i      2  S i     



(6)




where F is the separation degree, S is the total area of rural construction land, Ni is the total number of patches of type i construction land in the rural regions, and Si is the area of construction land of type i. The separation degree of each land type was normalized with the standard deviation, and the normalized separation degree was obtained:    F i ’  =    F i     σ i     . Finally, the separation degree (F) of each village was determined:    F =   ∑  i n   F i ’   , where n is the total number of rural construction land types.






3. Result Analysis


3.1. General Characteristics of Rural Construction Land


In 2019, the total area of rural construction land in Yuzhong County was 75.92 km2, accounting for 2.31% of the total land area. Among them, the rural homestead area reached 56.26 km2, accounting for 74.12% of the rural construction land, followed by commercial and tourism land; the area of it was 5.73 km2, accounting for 7.6% of the rural construction land. The green land had the smallest area of only 0.68 km2, accounting for less than 0.9% of the rural construction land. From the perspective of the proportion of rural construction land types in 268 administrative villages (Figure 2), residential land was still the main land use type of most administrative villages and accounted for more than 90% of rural construction land in 66.8% administrative villages. Among them, residential land of Datan Village in Mapo Township accounted for as high as 99.3% of rural construction land. The difference in proportion of rural public service land was significant. The least rural public service land accounted for only 0.6% of rural construction land (Hongliangying Village, Xiaokangying Township). The largest rural public service land accounted for 82% of rural construction land (Xiejiazui Village, Dingyuan Town), and the proportion of rural public service land was less than 5% in 58.6% villages. The proportion of infrastructure land was relatively small. 84% villages did not have the infrastructure land. The differences in commercial and tourism land as well as industrial production land were significant, mainly in Chengguan Town, Dingyuan Town, Heping Town, Xiaguanying Town and Jinya Town. Villages in the county without commercial and tourism land and industrial production land accounted for 46.3% and 73.5%, respectively. In recent years, the gradual suburbanization of urban industries and the further enhancement of the ability to drive industrial radiation have profoundly affected the changes in the proportion of various types of rural construction land. In every township, there are obvious differences in the types of rural construction land. The suburban towns, represented by Chengguan Town, are more influenced by urbanization and have diversified lands. Meanwhile, in the northern mountainous townships such as Zhonglianchuan Township, the traditional idea of agricultural cultivation is deeply rooted, and the rural construction land is mainly used for residence, with less land for public services and infrastructures.



There is a significant difference in spatial distribution of rural construction land among “south-middle-north” regions (Figure 3). The rural construction land in the southern mountainous region is distributed in a strip along the Yellow River. The rural construction land in the central plains region forms an obvious concentrated distribution area along the Wanchuan River valley, the Longhai Railway and the G30 highway. Heping Town, Dingyuan Town, Chengguan Town and Xiaguanying Town present the obvious aggregation nodes. The rural construction land patches are relatively large, the shape and structure are complex, and the types of construction land are more diverse. The rural construction land patches in the northern mountainous region are small and scattered, and the Yellow River crossing QingCheng Town fully confirms that the rural construction land has the characteristic of residing by the water.



Among the 20 townships (towns) in Yuzhong County, Shanghuacha Township, located in the northern mountains, is dominated by traditional agricultural cultivation. The residential land of Shanghuacha Village, where the township government resides, accounts for 78.7% of the rural construction land. Public service land accounts for 15.7% of the rural construction land, and the distribution is relatively concentrated (Figure 3a). Chengguan Town, where the Yuzhong County government resides, is located in the central plains region. It has a good agricultural foundation, and is radiated by the county industry. The rural construction land has changed from residential land use to multiple uses. For example, public service land and commercial and tourism land in Beiguan Village account for 61% of the rural construction land, and the proportion of residential land has been significantly reduced (Figure 3b). Gancaodian Town is the southern gate of Yuzhong County, and many main traffic arteries pass through it. The location advantage brought by traffic has been responded to with land use types. The Gancaodian Town government resident, Xi Village, has multiple land types (Figure 3c), and the commercial and tourism land accounts for 44.3% of the rural construction land.




3.2. Structural Characteristics of Rural Construction Land


3.2.1. Quantitative Structure of Rural Construction Land


The difference of the rural construction land is firstly reflected in the quantitative structure, which is the basis of an in-depth analysis, and can directly reflect the basic situation of rural construction land structure. Through the natural breakpoint method of ArcGIS, the information entropy, equilibrium degree and dominant degree are classified into five levels, namely I, II, III, IV and V (Figure 4).



As shown in Figure 4a, the information entropy of rural construction land is between 0.062 and 2.723. It is mainly at I-level and II-level, including 103 and 79 villages, respectively. They account for 66.04% of the total administrative villages. There are only 11 villages at Ⅴ-level, which accounts for 4% of the total administrative villages. This indicates that most administrative villages in Yuzhong County have few land-use types and simple land structures. In terms of space, the information entropy of the central plains region is greater than that of both the southern and northern mountainous regions. The types of rural construction land are more diverse, and the land use structure is more complex. The cultivated land in the central plains region has a low slope and high quality, and is close to the main traffic arteries. The transportation cost to the county is low, the accessibility is high, and the economic development capacity is strong. Compared with the southern and northern mountainous regions, the central plains region has the better geographical conditions and development foundation, residential areas with more diversified functions, and more complicated quantity structure of the corresponding construction land.



As shown in Figure 4b, the equilibrium degree of rural construction land is between 0.051 and 0.977. It is mainly in the I-level and II-level, including 94 and 83 villages, respectively. They account for 66% of the total administrative villages. There are only 14 villages at V-level, accounting for 5% of the total administrative villages. This indicates that there is a significant difference in the area of different types of rural construction land, and the internal land use is extremely uneven. The spatial pattern of the equilibrium degree is similar to that of information entropy. The low-value regions are mainly concentrated in the southern and northern mountainous regions of the county, and the high-value regions are relatively close to the county and Lanzhou city. In the high-value regions, industrial production is relatively developed and the popularity of transportation facilities is relatively good.



As shown in Figure 4c, the structural dominant degree of rural construction land is between 0.023 and 0.950, which is relatively high. It is mainly in IV-level and V-level, including 80 and 97 villages, respectively. They account for 66% of the total administrative villages. There are only 13 villages at I-level, accounting for 5% of the total administrative villages. This indicates that the rural construction land of most administrative villages is dominated by a single type. In terms of space, the structural dominant degree of rural construction land in the central plains region is low, and that in the northern and southern mountainous regions is relatively high. The central plains region has relatively good location conditions and a strong urban radiating effect. Diversified economic operations, such as rural tourism, rapidly develop, and the situation of single agricultural production is basically eliminated. The economic structure is diversified, and the per capita disposable income has increased. The requirements for the quality and level of the living environment are improved. The types of land use are relatively diverse, and the dominant degree is low. Contrastingly, in the southern and northern mountainous regions, under the premise that the location and economic conditions are not good, the rural residents mostly rely on the primary industry, with low efficiency and low output. Villagers have conservative thought, and still regard residential land as the main goal of building a closed, safe and comfortable space. The residential land occupies the absolute dominant position in rural construction land.




3.2.2. Spatial Layout of Rural Construction Land


The spatial layout was used to analyze the spatial difference of rural construction land. The natural breakpoint method of ArcGIS was used to classify it into five levels: I, II, III, IV and V (Figure 5).



As shown in Figure 5a, the fractal dimension index of construction land in various rural regions of Yuzhong County is between 1.099 and 1.474. Among them, the number of villages with IV-level is the greatest, reaching 87, followed by those with III-level and those with II-level, which are 80 and 73, respectively. Villages at II-level, III-level, and IV-level account for 89.55% of the total administrative villages, indicating that the patch shape of the rural construction land is relatively complicated. In terms of space, the fractal dimension of Yuzhong County has significant “east-west, north-south” differences. The fractal dimensions of the middle and western regions where Heping Town, Dingyuan Town, and Qingcheng Town are located, and the southern region where Mapo Township is located are significant smaller than that of the northeast region. The middle and southern regions of the county are rich in natural resources, relying on Xinglong Mountain and Maxian Mountain to develop rural tourism and form a spatial agglomeration effect of the rural construction land. In addition, cultural concepts and lifestyles are affected by the city’s “next nearest neighbor effect” and have a strong sense of shared awareness and cooperative spirit. This makes the boundaries of the spatial layout of rural construction land more regular. However, the residential areas in the northeast mountainous regions are scattered across the gully, living spaces are closed, restricted by natural geographical conditions, and the boundaries of the rural construction land are more complicated.



As shown in Figure 5b, the fragmentation degree of the rural construction land in Yuzhong County is relatively low, ranging from 0.003 to 0.221. Villages at V-level have the smallest number of only 28, accounting for 10.45% of the total administrative villages. The number of villages with other four levels are relatively balanced, and are 64, 63, 52 and 61, respectively. In terms of space, the fragmentation degree of the central plains region is significantly lower than that of the southern and northern mountainous regions. The regions with low values are concentrated and contiguously distributed in Heping, Dingyuan, Chengguan and Xiaguanying Town, and the regions with high values are distributed along the northern county boundaries with a striped shape. The central plains region has flat terrain, abundant water resources, convenient transportation, densely distributed rural settlements, a concentrated population, and high land utilization. In addition, under the guidance of the development strategy of “one-heart and two-wing” in the provincial capital Lanzhou City, according to its better location, the central plains region has become the forefront of function overflow of the main urban area of Lanzhou. The undertaking of industrial projects develops mainly in the clustered way. The clusters are closely connected, which increases the connectivity of the rural construction land. The northern mountainous region is vertical and horizontal, and residential areas are scattered. The fragmentation degree is high.



As shown in Figure 5c, the separation degree of the overall patch of the rural construction land is relatively high, ranging from 0.285 to 2.349. The number of administrative villages at II-level, III-level, and IV-level is equivalent, which is 75, 65, and 65, respectively. These account for 76.49% of the total administrative villages. In terms of space, the distribution pattern of separation degree is basically the same as that of the fragmentation degree. The central plains region is dominated by I-level and II-level, forming a small low-value gathering area centered on Heping Town and Dingyuan Town. The central plains region is dominated by secondary and tertiary industries; the land use types tends to be diversified and connected, and the separation degree between patches is low. The southern and northern mountainous regions are dominated by IV-level and V-level, and the residential areas are mostly located on uneven regions in the gully. The living space is relatively closed, and most of the traditional planting industry is the major industry. The spatial connection is weak, and the scattered distribution of patches is obvious.





3.3. Structural Gradient Difference of Rural Construction Land


The above analysis shows that the “south-middle-north” differences in the quantitative structure and spatial layout of rural construction land in Yuzhong County are basically consistent with that of the spatial distribution of township levels. This study used the distance algorithm of ArcGIS to calculate the distance from each administrative village to the different levels of the towns, and explored the gradient relationship between the quantitative structure as well as the spatial layout of the rural construction land and township levels.



3.3.1. Township Gradient Differentiation of the Quantity Structure of Rural Construction Land


The information entropy of the rural construction land structure varies significantly among the townships with different levels (Figure 6). Specifically, the mean values of key towns, central towns and general towns (townships) are 0.968, 0.737 and 0.484, respectively, which means that the information entropy decreases as the level of townships decreases. Key towns and central towns tend to have different types of construction land due to the high degree of urbanization, population and land. The industries in the villages around the town are gradually transforming into secondary and tertiary industries, and the types of land for construction tend to be diversified. In other words, the higher the township level, the higher the social and economic activity, the greater the impact on villages within a certain range, and the more complicated the affected rural construction land. The average value of the equilibrium degree on the gradient of each township shows a decreasing trend (0.387, 0.32, 0.222). In contrast, the dominant degree value is the opposite, with the average dominance of the general township (0.778) being the largest. The general towns are mostly located in the southern and northern mountainous areas, mostly dominated by traditional farming, and the peripheral villages are less affected by them. Rural residential lands are still the main type, with a relatively low information entropy and equilibrium degree, and a relatively high dominant degree.



Among townships at all levels, the information entropy and equilibrium degree of key towns and central towns decrease significantly with the increase in distance. When the distance from the township is over 10 km, the information entropy and the equilibrium degree start to fluctuate and increase, while the general township shows a fluctuating decreasing trend with the increase in distance. However, the dominant degree tends to increase overall within the townships. The closer the distance between the townships, the more advanced the influence of urbanization. In addition, this effect becomes weaker when distance increases.




3.3.2. The Township Gradient Differentiation of the Spatial Layout of Rural Construction Land


The fractal dimension of “key town-center town-general town” shows a slowly increasing trend (1.364, 1.366, 1.391); the fragmentation degree gradually increases (0.04-0.052-0.067); and the increasing trend of separateness (0.926-1.056-1.248) is obvious (Figure 7). As the level of township develops, the advantages of nature, population and agricultural base as well as policy become more and more obvious. Good infrastructure provides convenience for industries, and industrial clustering makes the land more connected and less fragmented.



The fractal dimensions of key towns within 15 km increase with distance, and those of the rural construction land shows a significant upward trend which tends to stabilize after exceeding 15 km. The fractal dimensions of central towns increase slowly with distance as a whole, and fluctuate more in the range of 9–10 km; the number of dimensions among general towns changes less. The fragmentation degree increases with distance with an “inverted U-shaped” change characteristic. Within 6 km from the key town, the separation degree increases rapidly and fluctuates after the distance is less than 6 km; within the central town and the general town, the degree of separation increases slowly with the distance.



Key towns and general towns have better natural endowment and a socio-economic foundation, which enable them to become the frontier of industrial suburbanization and land urbanization, with higher land concentration, neatly shaped boundaries and less separation between patches. The closer the distance, the more obvious this influence is. In contrast, in general towns, most of the villages are dominated by traditional agricultural cultivation, with scattered settlements and complex land patch shapes.






4. Discussion


The structure of rural construction land is a concrete expression of the interaction between human activities and the natural environment, and is the result of competition and balance in the development process of the countryside [50]. With the development of society and the changing needs of rural residents, the structure of rural construction land has gradually become enriched [51,52]. The quantity, structure and spatial layout in the explicit form of the rural construction land reflect the rural, economic and industrial structure and are associated with major issues of rural land management [53]. Yang and other scholars believe that the structure of rural construction land follows a significant regional differentiation rule [54]. Yuzhong County, with one mountain above and below, and a river in its middle part, has obvious zonal differences in quantitative and spatial structure. With the accelerated urbanization process in Yuzhong County, key towns closer to urban areas have priority access to urban socioeconomic resources, even leading to the deprivation of productive and demographic resources in general towns [55,56]. What is more, influenced by the far-reaching policy on the layout of rural construction land, Heping Town, Dingyuan Town, Chengguan Town and Xiaguanying Town, which are at a high level of economic development, have a complete infrastructure, and an inflow of industrial capital and technical support, which result in an intensive pattern of land use. Land information entropy increases, fragmentation contracts, dispersion degree decreases, and differences on gradients are further enhanced [57]. This paper starts the research from the gradient difference of townships, which is an enrichment of the gradient difference and it may provide some reference for the implementation of rural revitalization as well as the village and township planning in the future.



The difference in the quantitative structure and spatial layout of rural construction land is the comprehensive effect of the natural, economic, social, and cultural environment [58,59]. The effective alleviation of the difference in town gradient of rural construction land structure lies in the efficient circulation of various elements, such as urban and rural economy, society, environment, and information, which promotes the coordination of urban and rural economy, as well as the efficient and reasonable layout of rural resources, and improves the overall development capacity and level of rural regions [60]. Through the analysis of the quantitative structure and spatial layout of rural construction land and the township level gradient, this paper found that the structure of the rural construction land in Yuzhong County is very similar to the spatial distribution pattern of the township level gradient, indicating that the township level gradient is one of the reasons causing the difference in the structure of the rural construction land. The spatial gradient difference of the natural geographical environment, the urban–rural gradient, the axial gradient, and the economic gradient are the main factors affecting rural development, rural transformation, rural differentiation, and rural reconstruction [61]. Following the systematic research perspective of “element→structure→function→effect→control” [62], researchers should further study the process and mechanism of land space differentiation in the process of rural transformation at the village scale, and analyze the spatial differentiation characteristics of the “hybridity” of land use in rural regions, and reveal the differences in the structure of rural construction land from perspectives with different gradients.



This paper was in the context of the rural revitalization strategy, combined with the actual situation of Yuzhong County from the perspective of improving rural living space, production space and ecological space. It was based on regional economic development with the goal of improving the level of rural development, established and improved institutional mechanism and policy system of rural development. Through innovating institutional mechanisms and formulating development strategies in various fields, we solved the construction land security issue in the process of rural development in Yuzhong County and promoted to break the unbalanced economic development based on the township gradient. First, according to the difference in the quantitative structure and spatial layout of the rural construction land, the issue of vacant construction land, especially vacant homesteads, caused by the outflow of labor in the northern Loess Plateau and southern mountainous regions should be evaluated. Researchers provided a guide for the agglomeration of rural industrial enterprises and residents around the city, alleviated the environmental issues caused by industrial enterprises, and reconstructed the relationship between man and land, as well as industry and ecology in the rural regions [63]. In addition, the rural revitalization of Yuzhong County should insist on the development of differentiated industries as the leading factor. Key towns rely on urban radiation to develop urban supporting industries and agricultural service industries. Central towns rely on location advantages to develop rural tourism. General towns develop a special breed based on traditional agricultural planting. Combining the new period, new normal and new phase of development in Yuzhong County, it is necessary to promote the spatial reconstruction of rural construction land and optimize rural production, living and ecological space.



There are many uncertainties and limitations in this study. First, the focus of this study is on rural construction land in Yuzhong County, a specific area in the Loess Hills region. Therefore, these results (quantitative structure and spatial layout) cannot be directly applied to other areas, which is also not the purpose of this study. On the contrary, the quantitative structure and spatial layout analysis methods in this study can be used for the study of the change of land use. Second, the structural analysis of rural land use can be carried out, not only from the quantitative and spatial layout but as the study of functional structure which is also quite important. Last but not least, due to the characteristics of regional heterogeneity, the characteristics of rural land use are jointly influenced by numerous factors; gradient differentiation can also be developed from numerous aspects, which may become the focus of further research.




5. Conclusions


With the rapid economic development, the rural area has undergone great changes. The structure of the economy, society and settlement of rural Yuzhong County are undergoing a comprehensive transformation from traditional to modern, and the proportion of various types of construction land in rural areas varies greatly at different scales.



(1) The proportions of different construction land types in Yuzhong County vary greatly at different scales. At the county scale, the residential land is the main type of rural construction land, and the green land has the smallest proportion. At the township scale, there is a significant difference in the proportion of the internal structure of the construction land among townships. The difference in the spatial distribution among various types of rural construction land is significant. In addition, the rural construction land has obvious river and road directivity in space. In the central plains region, it forms an obvious agglomeration node around the township. In the northern and southern mountainous regions, it is sparsely distributed.



(2) The level of information entropy and equilibrium degree of the quantitative structure of rural construction land in Yuzhong County are relatively low, forming (spatially) the characteristics of differential distribution in the central plains region and equilibrium distribution in the northern and southern mountains regions. The dominant degree and spatial distribution of rural construction land are quite opposites. The fractal dimension, fragmentation degree and separation degree in the spatial distribution of rural construction land are generally high, forming a spatial distribution pattern of “south-north high, middle low”.



(3) The quantitative structure and spatial layout of rural construction land have a significant gradient effect of the township level. In terms of quantitative structure, the closer the construction land is to key towns and central towns, the more complex the construction land, the higher the information entropy and the equilibrium degree, and the lower the dominant degree. This is opposite to the case of general towns. The internal information entropy and equilibrium degree of the township level decrease with the increase in distance, and the dominant degree increases slowly with the increase in distance. As the level of the township decreases, the spatial layout shows an upward trend in the fractal dimension, fragmentation degree and separation degree. Within different township levels, the fractal dimension and separation degree of key towns increase quickly with the increase in distance, and that of central towns and general towns increase gently as the distance increases, showing an “inverted U-shaped” trend.
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Figure 1. Study location map. 
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Figure 2. The proportion of various types of rural construction land. 
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Figure 3. Distribution map of rural construction land. 






Figure 3. Distribution map of rural construction land.



[image: Land 10 00349 g003]







[image: Land 10 00349 g004 550] 





Figure 4. The quantitative structure of the internal land use in the residential area. (a) Information entropy, (b) Equilbrium degree, (c) Dominant degree. 
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Figure 5. The spatial layout of internal land use in the residential area. (a) Fractal dimension, (b) Fragmentation degree, (c) Separation degree. 
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Figure 6. Township gradient differentiation of the quantitative structure of rural construction land. 
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Figure 7. Township gradient differentiation of the spatial layout of rural construction land. 
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Table 1. Township gradient.






Table 1. Township gradient.





	Gradient
	Total Registered Population (person)
	Agricultural Population (person)
	Emigrant Population (person)
	Per Capita Net Income (yuan)





	Key town
	102,139
	72,297
	24,448
	8420



	Central town
	83,937
	58,683
	18,472
	7374



	General town
	941,393
	87,424
	44,535
	6980
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