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Abstract

:

Rural-spatial restructuring involves the spatial mapping of the current rural development process. The transformation of land-use morphologies, directly or indirectly, affects the practice of rural restructuring. Analyzing this process in terms of the dominant morphology and recessive morphology is helpful for better grasping the overall picture of rural-spatial restructuring. Accordingly, this paper took Zhulin Town in Central China as a case study area. We propose a method for studying rural-spatial restructuring based on changes in the dominant and recessive morphologies of land use. This process was realized by analyzing the distribution and functional suitability of ecological-production-living (EPL) spaces based on land-use types, data on land-use changes obtained over a 30-year observation period, and in-depth research. We found that examining rural-spatial restructuring by matching the distribution of EPL spaces with their functional suitability can help to avoid the misjudgment of the restructuring mode caused by the consideration of the distribution and structural changes in quantity, facilitating greater understanding of the process of rural-spatial restructuring. Although the distribution and quantitative structure of Zhulin’s EPL spaces have changed to differing degrees, ecological- and agricultural-production spaces still predominate, and their functional suitability has gradually increased. The spatial distribution and functional suitability of Zhulin are generally well matched, with 62.5% of the matched types being high-quality growth, and the positive effect of Zhulin’s spatial restructuring over the past 30 years has been significant. We found that combining changes in EPL spatial area and quantity as well as changes in functional suitability is helpful in better understanding the impact of the national macro-policy shift regarding rural development. Sustaining the positive spatial restructuring of rural space requires the timely adjustment of local actors in accordance with the needs of macroeconomic and social development, and a good rural-governance model is essential.






Keywords:


ecological-production-living spaces; spatial distribution; functional suitability evaluation; land-use transition; rural-spatial restructuring












1. Introduction


Over the past several decades, under the influence of urbanization, industrialization, informatization and globalization, the social, economic and spatial structures of rural areas have undergone significant changes [1,2]. Space is a carrier of various elements of the rural territorial system, and the reshaping of the socioeconomic structure of rural areas will inevitably lead to changes in this carrier, which in turn will lead to the restructuring of rural space [3,4,5]. Global industrialization and urbanization have triggered and will continue to trigger dramatic changes in rural space. In the Western world, the transition from a preindustrial economy to a knowledge-based economy took centuries [6,7,8,9,10], while in newly industrialized countries such as China, this is a more compressed process [11,12,13,14]. China’s rural villages have undergone a transformational rural development process in just a few decades. Rapid urbanization and industrialization have led to significant changes in the industrial, employment and social structures of rural territories [15,16]. While contributing to urban and rural economic development, this has resulted in the conversion of large amounts of arable land into urban built-up land, leading to a drastic reduction in rural land and a shift in land use and ownership. The disorderly expansion of urban and rural built-up land has caused environmental pollution, ecological damage, and inefficient land use [17]. At the same time, unevenness in urban–rural development has led to serious rural population loss, rural aging, rural poverty and village depopulation [18]. The continued opening of the political, economic and cultural spheres to the outside world has allowed China to enjoy the dividends brought by globalization [19], while at the same time exacerbating the complexity of problems related to geographic change in rural China.



Theoretical research on rural-spatial restructuring is the foundation for solving rural problems. Moreover, the optimal reorganization of rural space is an important means for implementing a strategy for promoting rural revitalization and realizing the integrated development of both urban and rural areas. In this process, land-use transitions play an important role in promoting rural-spatial restructuring [17].



Due to the problems and challenges of China’s urban and rural development process, in 2012, China began to implement the strategy of ecological civilization construction. As a result, China proposed changing rural-spatial development from a production-space-led model to an ecological-production-living (EPL) space model. The EPL space model is more comprehensive than the previous model and is an effective means for optimizing the spatial development pattern of China [20]. Promoting rural-spatial restructuring to optimize land use in this way will transform traditional rural areas through land concentration and large-scale operation, as well as optimizing village and industrial layouts. This will promote industrialization and the modernization of agriculture, optimize urban-rural-spatial patterns, build new urban-rural relationships and achieve integrated urban-rural development [21], thus alleviating urban-rural development conflicts [22]. Therefore, a profound analysis of the process of rural-spatial restructuring represented by the changes in EPL space morphologies, and the mechanism behind them, could enable correct human interventions to guide positive rural development. The restructuring of rural space is closely related to three important rural issues in China. Rural space provides a resource base and physical space for rural development. The optimization and reorganization of rural space is an important means for implementing a strategy of rural revitalization and realizing the integrated development of urban and rural areas.



Land-use morphology includes the dominant morphology and recessive morphology [17]. The dominant morphology refers to the structure of land use in a particular area over a fixed period, including characteristics such as the number (area and proportion) and spatial patterns of land-use types. The recessive morphology refers to a special form based on the explicit form and can be observed only by means of analysis, testing, monitoring and investigation, including the quality and function of land use [23]. Current research on rural-spatial restructuring is based mainly on the area, structure, distribution and other dominant morphological characteristics of regional land-use types [24], but not enough research focuses on quality, function, management methods and other recessive morphologies [17]. Many scholars focus on case studies, with an emphasis on the spatial needs of rural populations and socioeconomic development, as well as concentrating on the optimization and reorganization of rural space. For example, many researchers identify the time points when changes in the spatial morphology of farmland occur to analyze the transformation and restructuring process for agricultural-production space [25,26,27]. In terms of spatial patterns, agricultural land tends to be scattered and at a lower level of socioeconomic development. Socioeconomic development concentrates this phenomenon; thus, business patterns and landscape patterns are two main indicators for studying the spatial transformation and restructuring of agriculture [28]. The change in rural housing area per capita is a direct way to reflect the restructuring of rural life, which is influenced by both changes in total residential area and population migration [29]. There is substantial empirical evidence for the spatial distribution of rural living space in China, involving multiple scales and national/regional, municipal, county and village levels [30,31]. Spatial restructuring strategies for different types of village have been proposed to promote different models of rural-spatial restructuring [32,33], and empirical studies on the spatial restructuring of rural settlements in different regions have been conducted [34,35,36]. Long proposed that rural restructuring should be considered an integrated approach to optimizing urban-rural-spatial organization and promoting coordinated urban–rural development, recommending a land remediation approach to realizing rural-spatial restructuring [3]. It is thought that this will help to solve the problem of hollowed-out villages [37] and provide a comprehensive platform for rural revitalization [38]. These research results propose differing models of rural-spatial restructuring, specify future research ideas for rural-spatial restructuring, enrich the literature on rural-spatial restructuring, provide technical support and methodological guidance for different types of rural development planning, and have a beneficial impact on the practice of rural development in China.



However, limiting rural-spatial restructuring to the perspective of change in the explicit morphological characteristics of EPL spaces will lead to a deviation in our understanding of the patterns of rural-spatial restructuring, which will then lead to deviations in policy formulation and implementation. Undeniably, changes in quantity are an important characteristic of change in EPL spaces, and the disorder of the quantity structure of EPL spaces often leads to unsustainable spatial development and conflicting landscape functions [39]. For example, Yang et al. [22] analyzed the impact of change in the quantity structure of EPL spaces on the quality of the ecological environment, concluding that the transformation of agricultural-production land to urban and rural living land is the main factor behind the deterioration of regional ecological environmental quality. These authors propose that ecological space be further expanded through land reclamation and greening to provide a solid ecological barrier for urban development. From a macro-policy perspective, the results of that study undoubtedly provide guidance. However, the change in the quantitative structure of EPL spaces is only one of their characteristics, and analyzing the restructuring process only from this perspective will lead to a biased understanding of regional development issues, which in turn will lead to decisions that are inappropriate for regional development based on the requirements of macro-policies. For example, agricultural land in East Asian countries, which have large populations and limited arable land, is characterized by fragmentation and small-scale family operations. In the process of industrialization and urbanization, agriculture is sidelined, and agricultural workers are aging, which has led to a decline in the efficiency of arable land and an increase in the proportion of abandoned arable land. In this context, Japan, Korea and China have adjusted their policies and laws to promote rural land management to ensure food security and promote large-scale rural land operations. However, the overuse of land area as a measurement standard has led to problems in policy implementation. For example, in Japan, under their policy stipulating the distribution system for rice-cultivation areas, the government has taken compulsory measures to make different regions have the same proportions of rice-production areas, which has harmed the interests of some large-scale farmers with higher production efficiency. China’s local governments, forced by pressure for arable land protection, strongly dominate rural-spatial restructuring. However, they focus only on increasing arable land area, leading to the opening of sloping fields, fencing of lakes and land reclamation, resulting in new conflicts in the relationship between people and land. Given social and economic changes and innovations, it is difficult to adequately study rural-spatial restructuring in the context of the relationship between people and land by focusing only on the quantitative and spatial structural characteristics of land-use patterns [40,41]. Therefore, we examined rural-spatial restructuring based on land-use transformation via two aspects: quantitative changes and qualitative changes. The quantitative aspect manifests mainly in explicit morphological changes in land use, i.e., changes in the data and spatial patterns of land use. The qualitative aspect manifests as changes in implicit land-use patterns, especially in the evaluation of systemic functions [42].



Accordingly, this paper proposes a hypothesis of rural-spatial restructuring based on the evaluation of EPL spaces in terms of the changes in the dominant and recessive morphologies of land use, using Zhulin Town of Henan Province as an example. The objectives of this paper were as follows: (1) to analyze the changes in the dominant morphology of land use by identifying the distribution characteristics of the elements of EPL spaces and analyzing the structural changes in EPL spaces over the past 30 years; (2) to construct a framework for objectively evaluating the functional suitability of EPL spaces in different periods, starting from the natural background constraints and socioeconomic development incentives, to characterize the changes in the recessive morphology of land use; and (3) to combine the distribution and structural changes in EPL spaces with their functional suitability in different periods to determine any relations between them in order to judge the process of rural-spatial restructuring and lay a solid foundation for the next step in rural revitalization.




2. Materials and Methods


2.1. Study Area


Zhulin is located in the central region of China, Henan Province, in the transition zone between mountains and hills, with National Highway 310 passing through the territory (Figure 1). Originally an administrative village, Zhulin was established as a town in 1994 and became the first all-resident town in Henan Province in 2010, when all villages under its jurisdiction were converted into neighborhood committees1. After several large-scale zoning adjustments in 1994, 2006 and 2012, the town now has a total area of about 20 km2. In 2019, the town had a resident population of 21,000, total social output value of CNY 10 billion, tax revenue of CNY 300 million and per capita income of CNY 40,300.



Following the past 40 years of reform and opening up, Zhulin is one of the few inland mountain villages to have evolved from a small village with no industry and far from any city to a modern town with a focus on industrial and tourism development. It is also a pilot town for sustainable development in China established by the UNDP and has won the Dubai International Award for the Best Practice in Improving the Living Environment, established by UN-Habitat. Thus, the rural restructuring of Zhulin can be regarded as a condensed version of China’s rural development, and the restructuring trajectory of Zhulin from an inland agricultural village to a modern town makes it a perfect model for study. There is an element of chance in Zhulin’s development process, as the direction of development of any geographic system cannot be purely inevitable, and an element of chance is understandable [43]; rural territorial systems are no exception. A study of the spatial restructuring history of Zhulin to determine the objective factors regarding the chance and necessity in its development process is of strong significance for guiding the development of other villages.




2.2. Data Source


It is difficult to obtain land-use data for long-term series at the village and township levels, and our land-use data come from a survey of Zhulin initiated in 2016. Additional land-use data from 1990 and 1995 were obtained by digitizing hand-drawn maps in village files and spatially matching important markers. A map from the end of 2005 was obtained from the current land-use map provided by the land department, and the maps for the ends of 2010 and 2018 were obtained from the current land-use map of the general plan of Zhulin prepared in those years. On this basis, through in-depth research, old village cadres, retired government or enterprise managers of the village, and current town leaders who had experienced Zhulin’s complete development cycle were asked to assist in conducting participatory assessment surveys and record the time points of construction and changes in important surface structures, roads and facility sites to calibrate and match the above base maps by inverting the land-use situation over the historical period. Furthermore, the elevation, slope and other related data used in the functional suitability analysis were extracted from 30 m-precision TM remote-sensing data provided by the National Science and Technology Infrastructure Platform, National Earth System Scientific Data Sharing Platform, Lower Yellow River Scientific Data Center. Data on the multiyear average vegetation net primary productivity, multiyear average precipitation, multiyear average temperatures, soil infiltration factors, rainfall erosion forces, and conditions for accumulated temperatures, and the NDVI vegetation index dataset involved in the ecological suitability analysis were obtained using the Resource and Environment Data Cloud Platform of the Chinese Academy of Sciences and calculated using relevant conversion formulas. The soil physicochemistry-related data were mainly obtained from the Chinese Soil Dataset V1.1 based on the Harmonized World Soil Database (HWSD) of the Cold and Arid Regions Science Data Center. Data on forest park and ecological reserve delineation were obtained from information provided by the Natural Resources and Planning Bureau of Gongyi City. Data related to agricultural water supply facilities and major agricultural infrastructure were provided by the Agriculture and Rural Bureau of Gongyi City. Data on geological hazard susceptibility assessment came from the assessment in the Thirteenth Five-Year Plan for Geological Hazards of Gongyi City.




2.3. Research Methods


2.3.1. Identification and Classification of EPL Spaces


In addition to the natural properties of land, the classification of EPL spaces should be based on the subjective land-use intentions of the actors [22]. Among these, production space refers to a land-use system that provides a material space carrier for human production and business activities [44]. Living space is a land-use system that carries and protects human residential life and social activities. Ecological space is a land-use system that regulates, maintains and protects ecological security functions [45]. There are two common models for identifying and classifying EPL spaces. One is the index system measurement method, which classifies EPL spaces mainly by establishing a comprehensive evaluation index system [46]. Due to data availability, this method is studied mainly at the medium and macro scales, such as cities and counties (districts). Another method is spatial merging based on land-use type, i.e., merging and reclassifying land-use types according to the dominant functions of the land [47]. For the relatively micro village and township scales, the latter method can quickly identify the spatial distribution of land-use spaces and reflect the functions of land from the perspective of land-use structure. Accordingly, this paper took the land-use classification standards of the People’s Republic of China Current Land Use Classification (GB/T21010-2017) and Standard for Planning of Town (GB50188-2007) as a basis and, together with actual land-use patterns in Zhulin, identified the quantity and distribution of EPL spaces in Zhulin. In particular, note that production space carries human production activities and contains primary industry land, secondary industry land and tertiary industry land. Primary industry land can also be agricultural-production space, the main form of rural production space in the early stage of development, while secondary and tertiary industry land can also be nonagricultural-production space, which gradually emerges in the countryside only after industrialization and urbanization [20], which have clear distinctions in terms of land type and functional suitability [47]. Therefore, production space is further classified into agricultural-production space and nonagricultural-production space (Table 1).




2.3.2. Evaluation Index System for Functional Suitability of EPL Spaces


The functional suitability of land refers to its degree of suitability for a particular use within a range under certain conditions [48], and the suitability evaluation of land function is essentially a concept formed by the interaction between the natural environment and the human social system; the exploration of its theoretical connotations returns to the theory of the territorial system of human-land interaction itself to find its basis [49]. Therefore, based on the concept of land function suitability evaluation, the suitability evaluation of EPL spaces can be defined as the suitability of land for production, living and ecological functions in a specific range under specific conditions [50]. Specifically, the evaluation of the functional suitability of EPL spaces should ultimately return to the service of human development, which includes three aspects [51]. (1) It must ensure the safety of the ecological environment base, which is the basis of human survival, requiring the development activities and scale to be coordinated with the carrying capacity of regional resources and the environment, maintaining surface ecosystem service functions, and emphasizing the protection of important ecosystems. (2) It must ensure the safety of human society. Urbanization and industrial development should occur in areas with stable and good natural conditions to ensure human security and avoid using built-up land in disaster risk areas. (3) It must provide certain economic benefits. From the perspective of human society, land function needs to meet the laws of spatial economy, requiring the siting of construction to consider the impact of land conditions on engineering costs, while facilitating the external linkage of people and socioeconomic activities carried out in the construction space and making socioeconomic services easily accessible. Factors (1) and (2) can be regarded as constraining conditions based on the natural background, while factor (3) can be regarded as an incentive condition in line with the laws of socioeconomic development. Accordingly, we took the natural background as the constraining condition and the factors that are conducive to economic and social development as the incentive condition to establish a corresponding index system based on the actual situation of the case study area and data availability. We then comprehensively evaluated the functional suitability of the EPL spaces based on these two aspects. The spatial suitability evaluation of individual factors under the three functions of ecology, production and living was performed based on five levels: suitable, moderately suitable, average, moderately unsuitable, and unsuitable; the weights were finally determined through expert consultation and an AHP (analytical hierarchy process)2. After rasterizing the evaluation indexes, 100 × 100 m raster cells were used as the basic evaluation units, and the ArcGIS spatial analysis function was used for weighted superposition. The weighted summation method of factor scores was adopted to obtain comprehensive evaluation scores of the spatial suitability of the EPL spaces. The calculation formula was:


   S i  =   ∑  j n   w  i j    V  i j   = {   S 1   ,   S 2   ,   S 3   ,   S 4   }  



(1)




{S1, S2, S3, S4, S5} = {suitable, moderately suitable, average, moderately unsuitable, unsuitable, respectively} = {(5,4), [4,3), [3,2), [2,1), [1,0)}, where Si is the functional suitability evaluation value of class i space in the EPL spaces (the larger the value, the higher the suitability of the corresponding space); wij and Vij are the weight and role score of the jth factor in class i space, respectively; and n is the total number of influencing factors.



	
Evaluation of the functional suitability of ecological space






The constraining factors include the biodiversity-maintenance function, water-conservation function, soil-and-water-conservation function and vegetation cover. The biodiversity-maintenance function is the role played by ecosystems in maintaining genetic, species and ecosystem variability, and is one of the most important functions provided by ecosystems. The water-conservation function is an important part of the ecological space function, which is a direct manifestation of the interaction between vegetation and water in the field of ecological services and an important function in meeting human water demand. The soil-and-water-conservation function is also an important part of the ecological space function, and is conducive to the full use of the economic and social benefits of soil and water resources, reducing flood and drought disasters, and establishing a good ecological environment. We adopted these three indicators through comprehensive evaluation of the variables, including the multiyear mean vegetation net primary productivity, multiyear average precipitation, multiyear average temperature, soil infiltration factor, rainfall erosion force and soil erodibility, as collected from the Resource and Environment Data Cloud Platform of the Chinese Academy of Sciences. Other variables, including the elevation, slope and slope direction ere obtained from digital elevation model (DEM) data analysis. The indicators were evaluated in a hierarchical manner according to the number of accumulated service functions in the evaluation results. The calculation basis for these three indicators was as follows:



Biodiversity-maintenance function:


   V  b i o   =    N P P    m e a n   ×  F  p r e   ×  F  t e m   ×    ( 1 − F    e l e   )  



(2)




where Vbio is the value of the biodiversity-maintenance function, NPPmean is the multiyear mean vegetation net primary productivity, Fpre is the multiyear average precipitation factor, Ftem is the multiyear average temperature factor, and Fele is the elevation factor.



Water-conservation function:


   V  w r   =    N P P    m e a n   ×  F  s i c   ×  F  p r e   ×    ( 1 − F    s l o   )  



(3)




where Vwr is the value of the water-conservation function, NPPmean is the multiyear mean vegetation net primary productivity, Fsic is the soil infiltration factor, Fpre is the multiyear average precipitation factor, and Fslo is the slope factor.



Soil-and-water-conservation function:


   V  s w   =    N P P     m e a n    ×  ( 1 − K )  ×    ( 1 − F    s l o   )  



(4)




where Vsw is the value of the soil-and-water-conservation function, NPPmean is the multiyear mean vegetation net primary productivity, K is the soil erodibility factor, and Fslo is the slope factor.



Vegetation is the primary component and functional body of the ecosystem, and the study of the spatiotemporal characteristics of the fraction of vegetation cover (FCV) is the basis for evaluating ecological spatial quality. The annual NDVI vegetation index dataset for the period of 1990–2018 was obtained using the Resource and Environment Data Cloud Platform of the Chinese Academy of Sciences. There is a significant linear correlation between vegetation cover and the NDVI, and vegetation cover information is usually extracted directly by establishing the conversion relationship between the two [52]. The multiyear average vegetation cover of the study area was obtained using the pixel dichotomy method [53,54], and the evaluation was performed according to vegetation cover.



The incentive factors are mainly ecological control factors, namely, the three protection facility systems established in situ nationwide, including nature reserves, forest parks and scenic spots. Nature reserves are mainly for absolute protection, and forest parks and scenic spots are for both protection and development. The suitability of the ecological spatial incentive factors was evaluated hierarchically according to whether they belonged to these three systems (Table 2).



	2.

	
Evaluation of the functional suitability of agricultural-production space







The constraining factors include the slope, soil texture, agricultural water supply conditions and light and heat conditions. The slope affects the water and fertilizer uptake by crops, along with the light conditions for crops. In addition, the greater the slope, the more likely it is that agricultural activities will cause soil erosion. Soil texture is one of the physical properties of soil and is closely related to the conditions of soil aeration, fertilizer and water retention, and ease of cultivation. Agricultural water is the most basic condition for agricultural production. Light and heat conditions affect the distribution of crop species, the replanting system, and yield. Accordingly, this distribution is based on the slope, soil texture, average rainfall and surface water supply over time; the elevation-corrected active accumulated temperature of the multiyear average daily temperature ≥ 0 °C serves as the evaluation index. According to the grade evaluation from the Technical Regulations of Land Use Status Survey issued by the China Agricultural Zoning Commission and China’s National Standard Cultivated Land Quality Grade (GB/T 33469-2016) for the slope, soil type, water supply conditions and temperature accumulation conditions, the classification was performed according to the actual situation of the case study area, and we evaluated the suitability of the spatial constraining factors of the agricultural-production space.



The incentive factors include, mainly, the cultivation radius and distance to major agricultural facilities. The quality of agricultural-production space is related not only to natural endowments, but also to human-made factor inputs. Under equal conditions, the closer the arable land is to a settlement, the greater the ease of cultivation and the higher the suitability in comparison. Major agricultural facilities can greatly increase the efficiency of land-based production, improve the utilization of resources and labor productivity, and thus increase the efficiency, quality and competitiveness of agriculture. Therefore, the suitability of the agricultural-production space was evaluated by the nearest distance method according to the distance from settlements. It was also evaluated hierarchically using the Jenks natural-breaks classification method. The suitability of the incentive factors for the agricultural-production space were obtained by evaluation using buffer analysis according to the distance from major agricultural facilities (Table 3).



	3.

	
Evaluation of the functional suitability of nonagricultural-production space







The constraining factors include the slope, elevation, topographical relief and geological conditions. Nonagricultural-production space is mainly urban built-up land, and the slope has a strong impact on this space. Engineering construction costs increase with increased terrain slopes, and steep terrain is prone to geological phenomena such as landslides and mudslides. Elevation is an important factor affecting land for urban and rural construction; low-elevation areas are generally more suitable for human habitation than high-elevation areas, and the suitability for human habitation decreases with increasing elevation [55]. Topographic relief refers to the difference between the elevation of the highest point and the elevation of the lowest point in a specific area, and to a certain extent, it reflects the difficulty of engineering construction. The stability of engineering geological conditions is the basis of site selection for nonagricultural-production space. Thus, according to the slope classification standard for industrial land selection of the National Standard Code for Vertical Planning on Urban and Rural Development Land (CJJ 83-2016) of the People’s Republic of China, and the altitude of elevation, we calculated the topographical relief and regional geological hazard susceptibility using grids (30 × 30 m grid cells) and evaluated the suitability of the constraining factors for nonagricultural-production space in the context of the local situation.



The incentive factors include, mainly, industrial agglomeration and convenient transportation. Rural nonagricultural industries include, mainly, the secondary industry, the production-support service industry, the living service industry to meet residents’ consumption demand and the tourism industry. Due to external economies and diseconomies, industrial agglomeration develops from the relative concentration of industrial and commercial enterprises in geographic and spatial locations, bringing corresponding costs and benefits to enterprises, and thus further influencing the spatial layout of industries. Therefore, we used the hot-spot analysis method in ArcGIS to determine the hot and cold spots through the distribution of natural break points and the influence of the industrial agglomeration effect on the industrial layout. Based on the distance from traffic arteries, we used the buffer analysis in ArcGIS to evaluate the transportation convenience. Different levels of buffer were established according to the levels of national roads, provincial roads, county roads and township roads to determine traffic convenience; this was used to evaluate the suitability of the incentive factors for nonagricultural-production space (Table 4).



	4.

	
Evaluation of the functional suitability of living space







Living space also belongs to the category of urban built-up land, and its constraining conditions are similar to those of nonagricultural-production space, including four factors: the slope, elevation, topographical relief and geological conditions. The slope conditions were evaluated for their functional suitability according to the slope-grading criteria for urban and rural residential land selection in the National Standard of the People’s Republic of China Code for Vertical Planning on Urban and Rural Development Land (CJJ 83-2016). Since the elevation, topographic relief and engineering geology were judged on the same basis as nonagricultural-production space, they will not be described separately.



The incentive factors include, mainly, living convenience and transportation. In addition to the function of living, corresponding social activities and social functions are essential for meeting the daily living needs of human beings. Therefore, using the buffer analysis method in ArcGIS, and based on the delineation of the community’s 15 min living circle, buffer zones with radii of 350, 700 and 1000 m were established, with the village and town administrative service center, hospitals, schools and cultural and sports facilities serving as the center for comprehensively evaluating the spatial living convenience. This resulted in five classification levels: convenient, moderately convenient, average, moderately inconvenient and inconvenient. Since the evaluation criteria for transportation convenience were the same as those for nonagricultural-production space, they are not described separately (Table 5).




2.3.3. Evaluation of Match between Distribution and Function of EPL Spaces


Based on the distribution and changes in the functional suitability of EPL spaces, we established a coordinate system to comprehensively judge the match between structural changes in EPL spaces and their functional suitability to reflect Zhulin’s spatial restructuring process. In this coordinate system (Figure 2), the X-axis is the change in the area structure of EPL spaces and the Y-axis is the change in the functional suitability of EPL spaces. The values of X and Y were calculated by Formulas (5) and (6).


   X =  Δ  X i   ( t )  /  X i   (   t −  Δ t  )     = [ X   i   ( t )     − X   i   (   t −  Δ t  )  ] /  X i   (   t −  Δ t  )  .  



(5)






   Y =  Δ  Y i   ( t )  /  Y i   (   t −  Δ t  )     = [ Y   i   ( t )     − Y   i   (   t −  Δ t  )  ] /  Y i   (   t −  Δ t  )   



(6)




where ∆Xi(t) is change in the area structure of EPL spaces; Xi(t) is the spatial area of type i in period t; Xi(t − ∆t) is the spatial area of type i in the last cycle of change in period t; ∆Yi(t) is the change in the functional suitability of EPL spaces; Yi(t) is the average functional suitability of space of type i in period t; Yi(t−∆t) is the average functional suitability of space of type i in period t during the last cycle of change in period t; and i = 1, 2, 3, 4 denotes ecological space, agricultural-production space, nonagricultural-production space and living space, respectively.



According to the values of X and Y, four quadrants are described as follows:




	
Quadrant I: ∆Xi(t) > 0 indicates that space of type i has grown, and ∆Yi(t) > 0 indicates that the functional suitability of space of type i has improved. This indicates that, along with the growth of space of that type, the functional suitability of space of that type has also improved. Therefore, the first quadrant is a high-quality growth area.



	
Quadrant II: ∆Xi(t) < 0 indicates that space of type i has decreased, and ∆Yi(t) > 0 indicates that the functional suitability of space of type i has improved. This indicates that even with the decrease in the area of space of that type, its functional suitability has improved. Therefore, the second quadrant is the functional optimization intensification area.



	
Quadrant III: ∆Xi(t) < 0 indicates that space of type i has decreased, and ∆Yi(t) < 0 indicates that the functional suitability of space of type i has started to decrease. This indicates that, along with the decrease in the area of space of this type, its functional suitability has decreased. Therefore, the third quadrant is a full-scale decline area.



	
Quadrant IV: ∆Xi(t) > 0 indicates that space of type i has increased, and ∆Yi(t) < 0 indicates that the functional suitability of space of type i has begun to decrease. This indicates that the functional suitability of space of type i decreases with increases in its area. Therefore, the fourth quadrant is a low-quality expansion area.











3. Results


3.1. Spatial Distribution and Structural Change of EPL Spaces


3.1.1. EPL Spatial Distribution


Originally a village-level administrative unit, Zhulin was abolished in 1994 and established as a town. It went through several adjustments of administrative divisions and expanded its administrative area from an initial 4.2 km2 to 20.5 km2. The main changes were as follows: (1) In 1994, the village became a town, and the administrative area of Zhulin was expanded from 4.2 to 6.4 km2; (2) in 2006, according to the development requirements of the United Nations Sustainable Development Pilot Town and the opinions of the China Small Town Reform and Development Center of the State Council, the administrative area was further expanded to 16.45 km2; (3) in 2012, to cooperate with the construction of Zhulin Industrial Park and further promote local economic development, the total area of Zhulin was further expanded to 20.5 km2, which is the current administrative division of Zhulin (Figure 3). With the rapid economic and social development of Zhulin and the continuous changes in administrative areas over the decades, the structure of Zhulin’s EPL spaces has also changed dramatically. To reflect the distribution structure of its EPL spaces within different administrative boundaries and in different periods of economic and social development, based on data availability, we used 1990 (representing the development period before the establishment of Zhulin Town), 1995 (representing the development period at the beginning of Zhulin Town in 1994), 2005 (representing the development period before the administrative division of Zhulin in 2006), 2010 (representing the development period before Zhulin’s administrative division in 2012) and 2018 (representing the development period after Zhulin’s administrative division in 2012) as time points to analyze the process of structural changes in Zhulin’s EPL spaces.



With the continuous expansion of administrative divisions, the absolute quantity of Zhulin’s EPL spaces has grown significantly. From 1990 to 2018, its ecological space grew from 148.26 to 803.46 hm2, its agricultural-production space grew from 217.73 to 954.66 hm2, its nonagricultural-production space grew from 21.23 to 111.43 hm2, and its living space grew from 36.11 to 176.27 hm2. The area of ecological space shows some fluctuation, while all the other spaces show a linear growth trend (Table 6).



The regional characteristics of the spatial distribution of Zhulin’s ecological space and agricultural-production space have become increasingly clear. In 1990 and 1995, Zhulin’s ecological space was concentrated mainly in the southern mountainous area and the northern region, but its ecological space and agricultural-production space generally showed a cross-distribution (Figure 4a,b). By 2005, the ecological space in the north began to shrink, and the south became the main distribution area of Zhulin’s ecological space (Figure 4c). By 2010 and 2018, with the expansion of Zhulin’s administrative boundaries, the extent of mountainous areas in the south further increased, while the extent of ecological space in the north further shrank. Eventually, a distribution pattern formed with ecological space dominating in the south and agricultural-production space dominating in the north (Figure 4d,e). As for living space and nonagricultural-production space, the early living space was concentrated near the main traffic routes, especially on both sides of National Highway 310, but there were also many scattered distributions in the mountainous areas in the south and north. Since 2005, the clustering of living space, in particular, and nonagricultural-production space has strengthened. Many scattered living spaces began to disappear, while the living and nonagricultural-production spaces along the main traffic routes continued to expand.




3.1.2. Structural Change in EPL Spaces


In terms of the proportion of EPL spaces, from 1990 to 2018, agricultural-production space and ecological space constituted the largest proportions in Zhulin, with average proportions of 48.40% and 36.43%, respectively, followed by living space, with an average proportion of 10.05%. Nonagricultural-production space was smallest, with an average proportion of 5.12%. Overall, Zhulin is still dominated by agricultural-production space and ecological space.



From the structural changes in Zhulin’s EPL spaces by year (Figure 5), we observe that the proportion of production space (including agricultural-production space and nonagricultural-production space) and living space decreased and then increased, and then decreased and increased again, showing a W-shaped fluctuation curve in general, while the change in the proportion of ecological space shows an opposite pattern to the change in production and living space, showing an M-shaped fluctuation curve. The proportion of production and living space peaked in 2005, when the proportion of ecological space was the lowest; the proportion of ecological space peaked in 2010.



One reason for this is the change in the area of EPL spaces brought about by the expansion of administrative space. The other reason is that the original EPL spaces have also undergone mutual transformation. In most periods, the increase in the area of EPL spaces was brought about mainly by the increase in administrative boundaries (Table 7). By contrast, the decrease in EPL spaces was mainly due to interconversion among EPL spaces that occurred in different periods (Table 7). From 1990 to 1995, EPL spaces shifted mainly from agricultural-production space to ecological space, nonagricultural-production space and living space. This period was accompanied by decreased agricultural-production space and growth in ecological space, nonagricultural-production space and living space. From 1995 to 2005, EPL spaces were transferred mainly from ecological space to agricultural-production space, nonagricultural-production space and living space. From 2005 to 2010, EPL spaces were transferred mainly from agricultural space, nonagricultural space and living space to ecological space. From 2010 to 2018, EPL spaces were transferred mainly from ecological space and living space to nonagricultural-production space and agricultural-production space.





3.2. Evaluation of Functional Suitability of EPL Spaces


3.2.1. Changes in Functional Suitability of Ecological Space


An improvement in the functional suitability of the ecological space is clear. In general, our evaluation shows that the functional suitability of Zhulin’s ecological spaces deteriorated first and then improved continuously. The mean value of the ecological space suitability evaluation decreased from 1.81 to 1.59, and then continued to rise to 3.52. That means the overall suitability increased from moderately unsuitable, represented by values of (1–2] to moderately suitable, represented by values of (3–4] (Table 8). In terms of intragroup variation, the maximum value of the ecological space suitability evaluation showed a large change, while the minimum value remained relatively stable and unchanged. The standard deviations of the indicators ranged from 0.51 to 0.98, showing a general trend of gradual increase, indicating that the differences between samples gradually increased. The main reason for this is that the proportion of areas evaluated as moderately unsuitable for the functional suitability of ecological space gradually decreased, while the proportion of areas evaluated as average, moderately suitable or suitable gradually increased (Figure 6).




3.2.2. Changes in Functional Suitability of Agricultural-Production Space


The lowest variability was found in the functional suitability of the agricultural-production space. In general, the suitability index of Zhulin’s agricultural-production has not changed much, showing a gradual increase from an initial 3.29 in 1990 to 3.90 in 2018, and its overall suitability has remained in the moderately suitable interval. Based on the intragroup variation, the maximum value of the suitability index of Zhulin’s agricultural-production space continued to increase, while the minimum value fluctuated only slightly. The standard deviations of the indicators ranged from 0.21 to 0.26, and the overall variation was small, indicating no significant difference (Table 9). The main reason for this small variation is that the proportion of areas evaluated as moderately suitable for agricultural-production space in Zhulin remained high, and the gradual increase in the level of functional suitability was due to the upgrading of some moderately suitable areas to suitable areas (Figure 7).




3.2.3. Changes in Functional Suitability of Nonagricultural-production Space


The mean value of the functional suitability for the nonagricultural-production space was the highest and most stable. In general, the average suitability index of Zhulin’s nonagricultural-production space had a smaller variation, showing a small fluctuation and increasing trend, and the evaluation of its overall suitability remained in the interval of moderately suitable. Based on the intragroup variation, the maximum value of the suitability index for the nonagricultural-production space remained almost unchanged, while the minimum value showed a fluctuating decreasing trend. The standard deviations of the indicators ranged from 0.40 to 0.60, and the overall sample dispersion was not high and showed a small fluctuating increase, indicating that the difference between the samples showed a small fluctuation (Table 10). The reason for this phenomenon is that the suitability evaluation of nonagricultural-production space was mainly moderately suitable and suitable in general, with no grid cells of moderately unsuitable and unsuitable. The proportion of grid cells evaluated as suitable declined between 2005 and 2010, but then improved and exceeded the proportion of moderately suitable grid cells, becoming dominant (Figure 8).




3.2.4. Changes in Functional Suitability of Living Space


The greatest difference was found in the functional suitability of the living space. In general, the average suitability indexes of Zhulin’s living space first increased, then decreased, and finally increased gradually. Overall, the changes were minor, showing a slight increase with fluctuation. The evaluation of the overall suitability was always in the interval of moderately suitable (Table 11). Based on the intragroup variation, the maximum value of the living space suitability index continued to increase slightly, while the minimum value showed a small decrease. The standard deviations of the indicators ranged from 0.94 to 1.13, the highest dispersion in the EPL spaces, and showed a small fluctuating increase, indicating that the difference between samples was relatively large in the EPL spaces. According to the structure of the grid distribution, although moderately suitable and suitable were also dominant in general, the average and moderately unsuitable grid cells in different years accounted for a notable proportion. Despite the overall suitability remaining at a relatively high level and the proportion of grid cells evaluated as suitable and moderately suitable increasing, internal differentiation has not improved much (Figure 9).





3.3. EPL Analysis of Matching between Distribution of EPL Spaces and Their Functional Suitability


Since the administrative area of Zhulin changed several times during the study period, we analyzed the match between the distribution of the EPL spaces and their functional suitability in different time periods, in a comprehensive manner, by using the overall estimated administrative area of each period (Figure 10) and considering only the match between the distribution of the internal EPL spaces and their functional suitability, excluding external new areas (Figure 11).



In general, due to changes in administrative divisions, economic development and infrastructure construction, the following features emerged in the matching patterns between the distribution and functional suitability of Zhulin’s EPL spaces from 1990 to 2018:




	
The restructuring of Zhulin’s EPL spaces has generally achieved a positive effect. Owing to the continuous growth of the administrative area of Zhulin, the overall expansion trend for various types of spaces is significant, except for ecological space in some individual periods, and 62.5% of the matching cases fall into the first quadrant, a high-quality growth type. The restructuring of Zhulin’s EPL spaces has achieved a positive effect. However, the quality of expansion differs in different periods.



	
Most of the spatial high-quality growth occurred in the period 1995–2005. The administrative area of Zhulin did not change during this period. The distribution and functional suitability of the agricultural-production space, nonagricultural-production space and living space in this period all fell into the first quadrant, which is in the high-quality growth area. The ecological space, however, fell into the second quadrant, in the area of functional optimization and intensification.



	
Spatial low-quality expansion occurred mainly in the 1990–1995 period. In this period, along with the expansion of Zhulin’s administrative area, both ecological space and nonagricultural-production space grew, but their functional suitability declined both in general and in terms of internal changes. Furthermore, the match between the distribution and functional suitability of its ecological space and nonagricultural-production space fell in the fourth quadrant, in the low-quality expansion area.



	
The overall match for the agricultural-production space and living space was good in different years. In terms of both overall changes and internal changes, the living space was in the first and second quadrants of continuous functional optimization, and entirely in the high-quality growth area. The agricultural-production space was also in the first and second quadrants of continuous functional optimization. Except for 2018, when there was low-quality expansion, the changes in all the other periods were in the high-quality growth area. This is mainly due to the fact that economic development has made it possible for Zhulin to vigorously improve water supply conditions, road facilities and other basic infrastructure conditions, thus increasing the suitability for living and agricultural production.



	
Low-quality expansion of the nonagricultural-production space occurred most frequently. Low-quality expansion of nonagricultural industrial space appeared in the periods 1990–1995 and 2005–2010, corresponding to the period of early development and the period of administrative area expansion, respectively. Led by economic interests, governments’ management of land policy began to loosen, and enterprises developed in a disorderly manner in the pursuit of profits, resulting in the low-quality expansion of nonagricultural industrial space. However, in the 2010–2018 period, the nonagricultural industrial space (after the administrative area expansion) witnessed high-quality growth, mainly because Zhulin began to orient its development toward tourism so that the location decisions of enterprises no longer pursued size alone, leading to relatively higher-quality development.










4. Discussion


The main purpose of analyzing the history of rural-spatial restructuring is to grasp the patterns of its changes, which can ultimately be applied to the improvement of rural land space, with the goal of optimizing the spatial pattern of rural land, improving the efficiency of land resource utilization and enhancing its spatial quality. However, most of the literature takes the perspective of EPL’s spatially explicit attributes, i.e., changes in area, structure or spatial distribution, while few studies address whether structural changes match functional suitability. This makes it impossible to grasp the overall picture of the functional evolution of spatial structure, which affects our scientific judgment and the implementation and formulation of policies. For example, in the process of the spatial restructuring of Zhulin, from 1995 to 2005, ecological spaces suffered a large reduction simply in terms of quantitative and structural changes. According to the traditional analysis paradigm [25,26,27], this point, a turning point in ecological spatial area change, often heralds a sudden change in ecological space, which may lead to its dysfunction. However, the results of the functional suitability evaluation show that the functional suitability of Zhulin’s ecological, living, agricultural-production and nonagricultural-production spaces continued to increase during this period. This indicates that the path of development in this period was substantially in line with the actual local situation. The integration of land-use distribution has led to the continuous optimization of local land-use functions, resulting in an overall increase in the efficiency of land and space use. This is why Zhulin was awarded the title of China’s Sustainable Small Town Pilot by UNDP during this period, and why it was also awarded the Dubai International Award for Best Practice in Improving the Living Environment by UN-Habitat in 2002.



Clearly, the process of land-use transformation influenced by land-resource allocation and management is complex, because the value of a land-use type relative to its competing uses changes over time [42]. Therefore, analysis of EPL spatial restructuring with a one-sided emphasis on area change may not fully capture the functional suitability of rural spaces, which may lead to difficulty in adequately matching the restructuring of EPL spaces to the territorial spaces in which they are located. If so, the actual value of allocated land may be far from optimal, distorting economic and political incentives and undermining the sustainability of the countryside [56]. This will result in the previous practice of simply pursuing increases in the area of certain types of land use while ignoring whether functional suitability is satisfied, risking the repetition of tragedies in human–land relations such as the enclosure of lakes to create fields, the reclamation of land, steep slope clearing and deforestation (grass clearing). Therefore, in analyzing rural-spatial restructuring, it is necessary to consider not only changes in explicit morphological characteristics but also changes in implicit characteristics, represented by quality and function [23].



Taking Zhulin Town as a case study, this paper sets forth a spatial-restructuring analysis method based on the evaluation of the land distribution and functional suitability of EPL spaces and analyzed the spatial-restructuring process over the past 30 years of reform and opening up.



We propose a method for studying rural-spatial restructuring based on changes in the dominant and recessive morphologies of land use. That will enable us to understand the process of rural-spatial restructuring more comprehensively from the changes in both the dominant and recessive morphologies of land use. The development of Zhulin from a remote mountain village to a modern town is essentially a condensed version of the development of China’s rural urbanization, and its rural-spatial restructuring process essentially reflects the impact of the shift in national macro development policies on rural development. Before 2000, China was still in a period of economic construction, and the goal of economic development overruled all other considerations. At that time, no clearly delineated land-use guidelines were issued at the national level, and land-use and development guidelines were set by local governments [57]. Under the policy orientation of overriding economic development, local governments tended to blindly expand production space to bring about more economic benefits without considering other factors. This is why Zhulin’s low-quality expansion occurred mainly between 1990 and 1995 and the functional suitability of EPL spaces declined in this period. The early 21st century witnessed the conversion of a lot of arable land by urbanization and industrialization, resulting in a significant decrease in the rural labor force engaged in agricultural production; the output efficiency of arable land decreased, affecting national food security. Therefore, the Ministry of Land and Resources of China launched the first ten-year (2001–2010) national plan focusing on maintaining a dynamic balance of arable land to rearrange and reclaim, and to develop idle, abandoned and damaged land to increase the quantity and improve the quality of arable land [58]. Top-down policy constraints enabled the recovery of arable land area in various places during this period. It was also during this period that Zhulin’s proportion of agricultural-production space peaked. At the same time, the ecological and environmental problems associated with China’s rapid urbanization became increasingly apparent. The expansion of land for construction led to landscape fragmentation, environmental degradation and the destruction of ecosystem services [59]. Faced with these problems and challenges, since 2012, China has proposed a shift in the spatial development model for its land from a production-space orientation to ecological–production–living coordination to optimize the spatial layout of land and alleviate the contradiction between urban and rural development [22]. This is why Zhulin’s ecological spatial area decreased from 2010 to 2018, while its functional suitability was significantly enhanced in this period. The same is true for the functional suitability of other space types.



Macro development policy is a powerful mechanism by which to influence regional and rural development [60]. The spatial restructuring of Zhulin over the past 30 years reflects a good fit with the national policy shift. This is not easy for local governments to achieve and is the most important reason why Zhulin’s economic and social development is sustainable. The timely adjustment of Zhulin’s development pattern within its administrative division in response to the national policy shift is due to its good rural-governance model. Within the framework of China’s grassroots self-governance system, Zhulin has developed a governance model system that includes two aspects, which are named “San Ping” and “Shi Ping” in Chinese. The “San Ping” refers to a process of evaluating the governance of village leaders and cadres through a mechanism of public supervision. The “Shi Ping” refers to a practice of evaluating top performers among the masses to motivate them to make contributions in the process of Zhulin’s development. This mode of governance can actively mobilize the grassroots to participate in politics, and help to unify the ideologies of all the villagers, so that local actors can grasp development opportunities in a timely manner and correct problems that arise in the development process, thus promoting Zhulin’s high-quality development.



With the transformation of the rural economy, the economic importance of agricultural land will continue to decline, while the function of land as a space carrier, an asset and capital will increase. This trend will eventually lead to a return to the stable state of the agricultural-production function and ecological landscape function. This trend will be mapped to land-use pattern changes. During periods when land-use patterns cannot adapt to rural development needs, there will be various land-use problems, which will require the reasonable intervention of local actors to adjust the land-use patterns to, again, adapt them to development needs. The most important reason for this is that, under the influence of the current stage of rural grassroots autonomy policy, the impact of external national or regional macro policies and changes in the market environment on the development of villages needs to be determined more through the awareness of elected leaders and competent people in the village concerning the relevant policies and changes in the market environment [61,62]. Local actors are often the centerpiece of the rural development process [63]. It is therefore crucial for local actors to intervene reasonably and to respond proactively in the interactive process of land-use and village development [64,65].



It should be pointed out that there are still some problems worthy of further discussion, such as the in-depth analysis of the evolution mechanism of spatial restructuring promoted by land-use transitions. We need to consider more complex and diverse issues when we take a relatively micro area, such as Zhulin Town, as a study area to perform a long-term study. We not only need to consider the influence of its own development conditions and external development conditions, but also need to consider the influence of some accidental factors. Therefore, it is difficult to study its evolution mechanism. Research on its mechanism is of great significance for promoting the coordinated development of urban and rural areas. It needs to be further strengthened. In addition, the suitability of function is only one of the characteristics of the recessive morphology of land-use morphologies. The recessive morphologies also include land-use management systems, property rights and so on. As the impact of recessive morphologies on land-use transformation will gradually increase [17,23], more in-depth research should be carried out in the future.




5. Conclusions


Based on land-use type, this paper has established a framework for the identification of EPL spaces and constructed an evaluation system for the functional suitability of EPL spaces. Based on this framework, we propose criteria for judging the match between the distribution of EPL spaces and their functional suitability in terms of changes in their quantitative distribution and functional suitability characteristics. We used Zhulin Town in Central China as a case study area to analyze its rural-spatial restructuring process since 1990. The regional characteristics of the spatial distribution of the ecological and agricultural-production space were made clear. The clustering trend of the living space and nonagricultural-production space has strengthened, especially for the living space. Many scattered living spaces have begun to die out, while living and nonagricultural-production spaces along main transportation routes have continued to expand. Overall, Zhulin is dominated by agricultural-production and ecological space. The structure of its EPL spaces has fluctuated over the past 30 years, with the proportion of production space (including agricultural-production and nonagricultural-production space) and living space first decreasing and then increasing, and then decreasing again, yielding a W-shaped fluctuation curve. The change in the proportion of Zhulin’s ecological space is opposite to that in its production and living spaces, showing an M-shaped fluctuation curve. The fluctuation in EPL spaces is due to the expansion of Zhulin’s administrative space as well as its own internal transformation. Although the distribution and structure of EPL spaces have been changing over the past 30 years, their overall functional suitability has steadily increased. Analysis of the distribution and functional suitability of Zhulin’s EPL spaces revealed a significant trend of expansion for various types of spaces in general, and 62.5% of the matching types were of high-quality growth, which shows that the restructuring of Zhulin’s EPL spaces has achieved a more positive effect. High-quality spatial growth occurred mainly in the 1995–2005 period, and low-quality spatial expansion occurred mainly in the 1990–1995 period. The overall match for Zhulin’s agricultural-production space and living space was good in some years, and nonagricultural-production space showed the most low-quality expansion.



This case study of Zhulin shows that a spatial restructuring study combining changes in spatial area, the quantity of EPL spaces, and changes in functional suitability generates a more comprehensive understanding of the process of restructuring. It also helps to improve understanding of the impact of the shift in national macro development policies on rural development. Thus, future studies on rural-spatial restructuring should consider changes in the explicit morphological characteristics of the land as well as changes in the implicit characteristics represented by quality and function. Rural-spatial restructuring requires local actors to make timely adjustments to meet the needs of macroeconomic and social development, while a good rural-governance model serves as an important guarantee to ensure that rural-spatial functions can be optimized. In the future, we should strengthen the research on the mechanism of land-use transitions promoting rural restructuring and the influence of recessive morphologies on land-use transformation.
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	1
	
In China’s rural areas, towns and administrative villages are two different administrative levels, and villages are subordinate to towns. The neighborhood committees are the smallest administrative units of the city, and their administrative level is the same as that of the village. The change from village to neighborhood community means that the people in Zhulin have changed from villagers to urban residents.





	2
	
Eight experts in related fields scored the evaluation system. Three experts in the first round of scoring could not pass the logical consistency test, so three more experts were invited for the second scoring evaluation. The evaluation matrix was established based on the scores, in which the ecological space judgment matrix λmax was 5.4451, with a CR value of 0.0994 < 0.1; the agricultural-production space judgment matrix λmax was 6.2079, with a CR value of 0.0330 < 0.1; the nonagricultural-production space judgment matrix λmax was 6.2593, with a CR value of 0.0412 < 0.1; and the living space judgment matrix λmax was 6.1689, with a CR value of 0.0268 < 0.1, all of which passed the consistency test.
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Figure 1. Zhulin location and topographic map (2018). 
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Figure 2. Schematic diagram of spatial distribution and function matching of ecological–production–living (EPL) spaces. 
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Figure 3. Zhulin administrative area change map. 
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Figure 4. Distribution of Zhulin’s EPL spaces, 1990–2018: (a) 1990, (b) 1995, (c) 2005, (d) 2010, (e) 2018. 
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Figure 5. Structural change of Zhulin’s EPL spaces. 
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Figure 6. Proportional structure of number of grid cells for evaluation of functional suitability of ecological space. 
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Figure 7. Proportional structure of number of grid cells for evaluation of functional suitability of agricultural-production space. 
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Figure 8. Proportional structure of number of grid cells for evaluation of functional suitability of nonagricultural-production space. 
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Figure 9. Proportional structure of number of grid cells for evaluation of functional suitability of living space. 
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Figure 10. Match between overall distribution and functional suitability of Zhulin’s EPL spaces. 
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Figure 11. Match between internal distribution and functional suitability of Zhulin’s EPL spaces. 
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Table 1. Classification of ecological–production–living spaces.
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Ecological–Production–Living Space Classification

	
Level 1 Land-Use Type

	
Level 2 Land-Use Type






	
Ecological space

	
Green space

	
Public green space




	
Protected green space




	
Water and other land

	
Water




	
Forest land in agricultural and forestry land




	
Unused land




	
Pasture for grazing




	
Agricultural-production space

	
Production facility land

	
Land for agricultural-production services




	
Land for agriculture and forestry

	
Arable land, vegetable land, garden land, nursery




	
Nonagricultural-production space

	
Production facility land

	
Class 1 industrial land




	
Class 2 industrial land




	
Class 3 industrial land




	
Land for storage facilities

	
Land for general storage




	
Land for storing hazardous materials




	
Land for public facilities

	
Commercial and financial land




	
Market land




	
Living space

	
Land for residential facilities

	
Class 1 residential land




	
Class 2 residential land




	
Land for public facilities

	
Land for administration




	
Land for educational institutions




	
Land for culture, sports and technology




	
Land for healthcare




	
External transportation land

	
Land for highways




	
Land for other transportation




	
Engineering facilities land

	
Land for public engineering




	
Land for sanitation facilities




	
Land for disaster prevention facilities
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Table 2. Evaluation of functional suitability of ecological space.
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Target Layer

	
Criterial Layer

	
Index Layer

	
Suitable

	
Moderately Suitable

	
Average

	
Moderately Unsuitable

	
Unsuitable

	
Weight






	
Evaluation of functional suitability of live space

	
Constraining factors

	
Biodiversity-maintenance function

	
Top 30% of cumulative service function volume

	
Top 30–50%

	
Top 50–70%

	
Top 70–85%

	
Below top 85%

	
0.3398




	
Water-conservation function

	
Top 30% of cumulative service function volume

	
Top 30–50%

	
Top 50–70%

	
Top 70–85%

	
Below top 8%

	
0.3319




	
Soil-and-water-conservation function

	
Top 30% of cumulative service function volume

	
Top 30–50%

	
Top 50–70%

	
Top 70–85%

	
Below 85%

	
0.1567




	
Fraction of vegetation cover

	
0.7 < FVC ≤ 1

	
0.5 < FVC ≤ 0.7

	
0.3 < FVC ≤ 0.5

	
0.1 < FVC ≤ 0.3

	
FVC ≤ 0.1

	
0.1010




	
Incentive factors

	
Ecological control factors

	
National nature reserve

	
Provincial nature reserve

	
National forest park/scenic spot

	
Provincial forest park/scenic spot

	
Local protection facilities

	
0.0706
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Table 3. Evaluation of functional suitability of agricultural-production space.
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Target Layer

	
Criteria Layer

	
Index Layer

	
Suitable

	
Moderately Suitable

	
Average

	
Moderately Unsuitable

	
Unsuitable

	
Weight






	
Evaluation of functional suitability of agricultural space

	
Constraining factors

	
Gradient

	
0°–2°

	
2°–6°

	
6°–15°

	
15°–25°

	
Above 25°

	
0.2293




	
Soil texture

	
Loam soil

	
Clay loam soil, powdered clay loam, sandy clay loam

	
Powdered clay, sandy clay, sandy loam, powdered loam

	
Loamy sandy soil, clay

	
Sandy soil, chalky soil

	
0.2278




	
Agricultural water supply conditions

	
Fully satisfied

	
Satisfied

	
Basically satisfied

	
Inadequately satisfied

	
Unsatisfied

	
0.3032




	
Light and heat conditions

	
Above 4500

	
3400–4500

	
1600–3400

	
N/A

	
N/A

	
0.0943




	
Incentive factors

	
Farming radius

	
Within 40.63

	
40.63–126.76

	
126.76–255.26

	
255.26–427.79

	
Above 427.79

	
0.0665




	
Distance to major agricultural facilities

	
500 m

	
500–1000 m

	
1000–1500 m

	
1500–2000 m

	
Above 2000 m

	
0.0790
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Table 4. Evaluation of functional suitability of nonagricultural-production space.
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Target Layer

	
Criteria Layer

	
Index Layer

	
Suitable

	
Moderately Suitable

	
Average

	
Moderately Unsuitable

	
Unsuitable

	
Weight






	
Evaluation of functional suitability of nonagricultural space

	
Constraining factors

	
Gradient

	
0°–5°

	
5°–8°

	
8°–15°

	
15°–25°

	
Above 25°

	
0.1174




	
Elevation

	
Under 200 m

	
200–300 m

	
300–500 m

	
500–1000 m

	
Above 1000 m

	
0.0528




	
Topographical relief

	
0–50

	
50–100

	
100–150

	
150–200

	
Above 200

	
0.0621




	
Geological conditions

	
No susceptibility

	
Low susceptibility

	
Medium susceptibility

	
High susceptibility

	
Extreme susceptibility

	
0.0526




	
Incentive factors

	
Industrial agglomeration

	
Hot spots

	
Sub-hot spots

	
Mild spots

	
Sub-cold spots

	
Cold spots

	
0.3999




	
Transportation convenience

	
Convenient

	
Moderately convenient

	
Average

	
Moderately inconvenient

	
Inconvenient

	
0.3152
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Table 5. Evaluation of functional suitability of living space.
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Target Layer

	
Criteria Layer

	
Index Layer

	
Suitable

	
Moderately Suitable

	
Average

	
Moderately Unsuitable

	
Unsuitable

	
Weight






	
Evaluation of functional suitability of living space

	
Constraining factors

	
Gradient

	
0°–5°

	
5°–8°

	
8°–20°

	
20°–25°

	
Above 25°

	
0.1074




	
Elevation

	
Under 200

	
200–300

	
300–500

	
500–1000

	
Above 1000

	
0.0573




	
Topographical relief

	
0–50

	
50–100

	
100–150

	
150–200

	
Above 200

	
0.0662




	
Geological conditions

	
No susceptibility

	
Low susceptibility

	
Medium susceptibility

	
High susceptibility

	
Extreme susceptibility

	
0.0449




	
Incentive factors

	
Living convenience

	
Convenient

	
Moderately convenient

	
Average

	
Moderately inconvenient

	
Inconvenient

	
0.4184




	
Transportation convenience

	
Convenient

	
Moderately convenient

	
Average

	
Moderately inconvenient

	
Inconvenient

	
0.3058
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Table 6. Classification of areas of Zhulin’s EPL spaces.
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	Ecological Space (hm2)
	Agricultural-Production Space (hm2)
	Nonagricultural-Production Space (hm2)
	Living Space (hm2)
	Total (hm2)





	1990
	148.26
	217.73
	21.23
	36.11
	423.33



	1995
	271.92
	292.74
	24.24
	52.51
	641.42



	2005
	137.79
	351.47
	49.22
	103.41
	641.89



	2010
	824.08
	814.63
	69.53
	165.04
	1873.28



	2018
	803.46
	954.66
	111.43
	176.27
	2045.82
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Table 7. Changes in areas of Zhulin’s EPL spaces.
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Unit: hm2

	
1990–1995

	
1995–2005 2

	
2005–2010

	
2010–2018




	
Total

	
External 1 Increase

	
Internal Changes

	
Internal Changes

	
Total

	
External Increase

	
Internal Changes

	
Total

	
External Increase

	
Internal Changes






	
Ecological space

	
123.66

	
108.24

	
15.42

	
−134.13

	
686.29

	
654.08

	
32.21

	
−20.62

	
0.00

	
−20.62




	
Agricultural-production space

	
75.01

	
96.60

	
−21.59

	
58.73

	
463.16

	
495.89

	
−32.73

	
140.03

	
124.78

	
15.25




	
Nonagricultural-production space

	
3.01

	
2.73

	
0.28

	
24.98

	
20.31

	
22.31

	
−2.00

	
41.90

	
3.27

	
38.63




	
Living space

	
16.40

	
11.04

	
5.36

	
50.90

	
61.63

	
62.33

	
−0.70

	
11.23

	
65.33

	
−54.10




	
Total

	
218.09

	
218.61

	
−0.52

	
0.47

	
1231.39

	
1234.61

	
−3.22

	
172.54

	
193.38

	
−20.84








1. External increase refers to new areas of various types of land due to expansion of the administrative division, and internal change refers to change in the areas of EPL spaces in the same area as the previous administrative area. 2. The size of the administrative area in 2005 was the same as that in 1995, so there was no external or internal change.
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Table 8. Overall evaluation of functional suitability of ecological space.
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	Year
	Max.
	Min.
	Mean
	Standard Deviation





	1990
	2.67
	1.13
	1.81
	0.51



	1995
	2.67
	1.13
	1.59
	0.46



	2005
	2.67
	1.13
	1.76
	0.52



	2010
	3.50
	1.03
	2.32
	0.79



	2018
	4.50
	1.13
	3.52
	0.98
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Table 9. Overall evaluation of functional suitability of agricultural-production space.
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	Year
	Max.
	Min.
	Mean
	Standard Deviation





	1990
	3.77
	2.73
	3.29
	0.21



	1995
	3.77
	2.63
	3.32
	0.21



	2005
	4.08
	3.07
	3.63
	0.21



	2010
	4.38
	3.28
	3.93
	0.23



	2018
	4.38
	2.78
	3.90
	0.26
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Table 10. Overall evaluation of functional suitability of nonagricultural-production space.
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	Year
	Max.
	Min.
	Mean
	Standard Deviation





	1990
	4.73
	2.97
	3.88
	0.47



	1995
	4.78
	2.14
	3.80
	0.60



	2005
	4.73
	2.09
	3.82
	0.46



	2010
	4.73
	2.85
	3.86
	0.40



	2018
	4.78
	2.31
	4.00
	0.51
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Table 11. Overall evaluation of functional suitability of living space.
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	Year.
	Max.
	Min.
	Mean
	Standard Deviation





	1990
	4.31
	0.90
	3.18
	1.02



	1995
	4.73
	0.90
	3.29
	1.04



	2005
	4.73
	0.90
	3.83
	0.94



	2010
	4.79
	0.60
	3.46
	1.13



	2018
	4.79
	0.60
	3.58
	1.04
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