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Abstract

:

Reasonable resource potential calculation is the basic premise for the country to formulate planning and carry out rural housing land consolidation, which can deepen the research on the economical and intensive use of rural construction land. This paper evaluates farmers’ area demands of rural housing land by using the consumption utility function, analyzes the spatial pattern characteristics of demand and potential, and puts forward suggestions for the resource optimization of rural housing land based on the survey data of 613 farmers and land use data in the Pinggu District of Beijing in 2005 and 2018. Research shows that the utilities of life, production, and the ecological are carried and measured by the corresponding internal land-use structure of rural housing land. The proportion of life land area was the largest, and the life and production land area decreased from plain to mountain, from 119.76 m2 to 89.07 m2 and from 44.87 m2 to 32.85 m2, respectively. The average area potential is 395.64 m2 and the change range is −30.35–1413.75 m2, which is basically in accordance with the normal distribution. The area potential can be divided into five grades, which are expressed by I, II, III, IV, and V in order of potential from small to large by using the natural fracture method. The utility needed should be enhanced and expanded, and the redundant utility should be removed and socialized in the village. The resource optimization and allocation of rural housing land should be promoted according to the idea of regionalization and classification. It provides scientific support for the reform of rural housing land.
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1. Introduction


Rural housing land is a central expression of rural human–land relations [1,2], referring specifically to land that is primarily used for farmers’ residences or associated with nonagricultural activities [3,4,5]. As rural development has become a global issue in recent years, the spiraling downward trend of rural development elements (e.g., farmers’ livelihoods, educational resources, and labor resources) has become a growing concern [6,7,8,9,10,11]. The areas where rural residents live and produce [12,13] are facing various global challenges, such as depopulation, economic decline, unemployment, poverty, housing vacancy, and land abandonment.



In developing countries represented by China, the movement of the population between urban and rural areas and the reorganization of regional socioeconomic development factor allocation have been accelerating [14,15,16]. At present, there is a reverse evolution pattern of “people decrease and land increase” in the area of residential land in some areas, and there are problems of exceeding the standard of residential land per household with multiple houses in one household and idleness being prominent [17,18]. It is imperative to improve the efficiency of residential land use. Rural housing land is the main part of rural collective construction land [19]. Therefore, to improve the utilization efficiency of rural collective construction land, it is necessary to take the lead in exploiting the economical and intensive utilization potential of rural housing land. With the continuous advancement of China’s urbanization and the deepening of the system reform of rural housing land, it has become an inevitable requirement for the realization of urban–rural integration development and rural revitalization in the new era to break the inefficient use and excavate the multi-functional use of rural housing land [18,19]. Reasonable potential calculation of rural housing land consolidation is the basic premise for the country to formulate planning and carry out rural housing land consolidation [20]. The traditional methods of calculating the potential of rural housing land consolidation mainly include the index method of land use per person (household) [21,22,23,24,25], the land idle rate [26,27], the potential coefficient revision based on GIS and multi-factor comprehensive evaluation technology [28,29,30,31], the potential calculation based on high-resolution remote sensing and GIS technology [19,32], the farmer’s willingness survey [19,33,34,35,36], and the estimation of multi-method fusion [15].



However, due to many factors, the actual potential value is often much lower than the theoretical. For this reason, scholars often revise the theoretical potential when calculating the realistic potential, and explore methods such as the multi-factor comprehensive evaluation method, the step-by-step correction method, the model difference calculation method, and the regional difference calculation method [33,37,38]. Other scholars mainly focus on the priority of remediation, the public financial support for remediation, the economic value assessment after land remediation, and the comprehensive benefits of remediation. Scholars consider more natural, economic, social, and other factors in the process of calculating the potential of rural housing land consolidation, but rarely take into account the willingness of farmers [39]. In terms of research scale, scholars have made a lot of explorations on the medium and macro scales of the country, province, city, and county (district) [21,26,37,38], but on the micro scale, there are few studies on the potential of rural housing land consolidation in various types of villages [20,34]. Due to the fineness of land survey data and other issues, most of the existing research mainly focuses on the potential estimation of rural construction land consolidation, while the research on the potential calculation of rural housing land consolidation is relatively insufficient [36].



In recent years, the central government has paid more attention to the management of rural housing land, and has taken the renovation of inefficient abandoned rural housing land as an important part of the whole area’s renovation plan and the improvement of rural living environments. The formulation of rural housing land-use standards is generally on the basis of the ‘Land Management Law of the People’s Republic of China’, ‘Regulations on the Implementation of the Land Management Law of the People’s Republic of China’, and other relevant laws and policies, combined with existing standards and local economic and social indexes. According to the national village and town planning standards, the existing standards of provinces and cities, and the comprehensive analysis of local indexes, or according to the collective economy and the resource endowment of peasant households, the standard area of rural housing land is defined from the per capita cultivated land and the type and grade of suburban and rural land [18]. In the future, county-level local governments will take the responsibility of planning, construction, and renovation of rural housing land for a long time [36,40,41,42]. How to identify the spatial scope with high consolidation potential in various villages will be an important part of it [43,44,45].



The above research and practice enriches the research system, but these potential calculation methods of rural housing land only come from the theory of architectural engineering: the rural housing land is equivalent to the urban residential land, and the land-use standard is calculated in the same step without considering the differences between rural and urban economic development, income level, and construction environment. There is no differential analysis of the utility of rural housing land and urban residential land in meeting the consumption preferences of different groups. The purpose of land use is to meet the needs of human beings [45,46,47]. In the process of land use, the idea of it as people-oriented should be fully reflected. The intensive use of rural housing land should be carried out on the premise of fully respecting the wishes of farmers [48,49,50]. The area standard of rural housing land should not only reflect the people-oriented idea, ensure the needs of farmers’ production, life and ecological land, and realize the value of residential security, but also realize the goal of intensive and economical use of rural land resources and ensure that collective public interests are not occupied by private interests [51,52,53,54].



Therefore, this paper regards farmers as a consumer subject with certain economic payment ability, and always chooses the consumption bundle that maximizes its utility from its feasible consumption set. The rural housing land is regarded as a consumer goods with various life, productive, and ecological effects, and its maximum demand for consumer goods is considered under the constraint of a budget expenditure level. Based on the principle that farmers can bear and collectively accept, the consumption utility function calculation model is introduced. Farmers are regarded as ‘rational economic people’ with certain economic ability, which provides a guarantee for releasing the potential of rural stock construction land, safeguards farmers’ land rights and interests, realizes rural revitalization, and also provides a basis for optimizing a rural housing land management strategy. The rest of this paper is organized as follows. Section 2 summarizes the sources of data and the selection of a typical study area, and introduces the methodology used in our study. Section 3 measures the demand and potential of rural housing land in a metropolitan suburb in 2018. Section 4 discusses the contribution to research, limitations, and future work, as well as puts forward policy enlightenments for the optimization and allocation of rural housing land. Section 5 draws the conclusion.




2. Methodology


2.1. Study Area


Beijing is both the capital of China and the second-largest city in the country. The Pinggu District is in the range of 40°01′ N–40°22′ N and 116°55′ E–117°24′ E, and belongs to the outer suburbs of Beijing (Figure 1). The span of the region along the latitude is about 38.5 km, the span along the longitude is about 40.25 km, and the land area is 948.35 km2. The Pinggu District, a typical county selected by the project, has significant differences in the types of landforms in the territory. The areas of plain, hilly, and mountainous landforms are equivalent and, on the whole, it is similar to the natural pattern of the central urban area-uburb-outer suburbs of Beijing. As a result, the heterogeneity of farmers’ livelihood and living style is high. As a metropolitan suburb, the Pinggu District has experienced great social and economic transformation in the past ten years. The urban and rural development is rapid, and the population flow and land-use patterns have changed strongly. It is the area where researchers have done relevant research when participating in previous scientific research tasks. In the research, time series statistical data, a remote sensing image map, a land-use status map, a DEM, and other data have been accumulated. In particular, some first-hand data of rural housing land survey have been obtained, which provide solid basic data support for the smooth development of research.




2.2. Data


The difference of landform and location is the basis of the differentiation of village economic development level [4]. In order to ensure the rationality of the sample, in 2005, according to the differences of landform and location in the county, the research group adopted the participatory rural appraisal (PRA) method and combined it with the high-resolution remote sensing image and field survey to carry out a household-based rural housing land sampling survey (Table 1). Using a stratified sampling method in the county, the townships were divided into upper, middle, and lower three layers according to the social and economic development status and other statistical indexes of the survey area, and representative townships on the rural housing land were selected.



On this basis, the villages were queued in the same way, the sampling frame was compiled, and the villages were selected by equal spacing method [45]. Based on the research of the research group in 2005, the authors selected 43 villages from 16 townships in the plain, semi-mountainous, and mountainous areas of the study area as the research sample villages according to the typical sampling method in September, 2018. Then, according to the principle of random sampling, a one-to-one participatory farmer survey method was adopted to investigate about 10 households in each village. The research contents of the households include the area of rural housing land, the total construction expenditure, the construction area of various types of land space, the use area, and the land type that farmers pay attention to. The sample data were statistically analyzed according to the terrain area. Among them, the number of households in each village comes from the data of the economic management station, and some village information is corrected by the data of Beijing Yinong Information Network.




2.3. Methods


2.3.1. Utility Structure of Rural Housing Land


Human beings use land in order to meet their own needs, so the idea of being people-oriented runs through the process of land use and the use of rural housing land. Rural housing land has existed for more than 5000 years around the world [55]. It always accounts for a large proportion of urban and rural construction land in developing countries with a large agricultural population [56], addressing peasant housing, ensuring rural development, and maintaining urban–rural stability [57]. Rural housing land includes the dual use of courtyard and building [58], which is also one of main features differentiating rural housing land from urban housing [59]. The initial setting of China’s rural housing land system is the consideration of welfare and social security functions to ensure farmers can enjoy low-cost and stable living conditions. A rural courtyard is the basic place for farmers’ production and life formed with the development of Chinese traditional farming civilization and small-scale peasant economy. The frequent rural–urban migration and the improvement in life standards provoked farmers’ demands for housing quality and refined living functions of rural housing land. Higher demands on their living environment [60] causes change in the utility supply of rural housing land [61,62,63]. The utility of rural housing land goes from the single living to a multifunction combination of living, producing and processing, commerce, holiday tourism, and sightseeing experiences.



Moreover, rural house is becoming more similar to those houses in the city, separating spaces for the functions of residence, meeting, and cooking, as well as separate spaces for functions of storage and bathrooms [64]. The purpose of farmers dwelling at rural housing land is to take advantage of relevant utility. There is an intrinsic relationship between the utility and land-use structure of rural housing land, and the evolution of internal land-use structure is continuously adapting to the demand of utility changes. The change of internal land-use structure can be used to illustrate utility change of rural housing land.



It is necessary to make a balance between ensuring and respecting the rights and interests of farmers and realizing the intensive and efficient use of land [18]. In this section, farmers are regarded as rational-economic men, and their consumption process consciously or unconsciously follows the principle of maximizing their own utility—that is, they generally choose the consumption bundle that can bring the greatest utility in the possible consumption set. At the same time, this paper argues that rural housing land, as a type of land use, itself has multiple functions and can be seen as a collection of different utility of consumer goods. Farmers reasonably allocate the development and construction expenditure of various land types within the rural housing land according to their own economic level and current demand, so as to maximize their own utility and form the maximum area demand of rural housing land utility (Figure 2).



The utility is a measure of people’s psychological satisfaction, which is often used to characterize the ability of a certain type of utility items, especially goods, to meet the needs of consumers desire [65]. As far as this paper is concerned, in real life, every desire of farmers cannot be fully satisfied at the same time, which is limited by their own family economy, population, and other conditions, as well as the total amount and distribution characteristics of resources. Therefore, farmers pursue the maximization of consumption utility under certain constraints, allocate the limited expenditure budget to each utility demand reasonably, and form a variety of household consumption bundles—that is, the utility structure of farmers’ consumption. Similarly, the consumption behavior of rural housing land is also in line with such a decision-making process. Based on the cognition of the functional types of rural housing land, this paper summarizes the utility of rural housing land into three categories—life, production, and ecological—according to the different use combinations of internal land-use structures formed by farmers when they consume or use rural housing land [18,66,67]. Among them, life utility U1 refers to the utility of rural housing land to meet the functional needs of farmers and their families, such as living, social interaction, living storage, catering, cooking, and using the bathroom. Production utility U2 refers to the utility of planting and breeding, productive storage, part-time industry, and commerce, leasing and drying for rural housing land. Ecological utility U3 refers to the utility of landscape ecology provided by rural housing land. Each utility is carried and measured by the corresponding internal land-use structure of rural housing land, and finally forms the total utility (Table 1, Figure 2).




2.3.2. Consumption Utility Function


The maximum utility value obtained when farmers consume rural housing land is a necessary variable to measure the area demand of farmers’ rural housing land. However, the general mathematical model method cannot properly measure and express the utility with strong subjective intention. This paper introduces the consumption utility function defined by scholar Wang [68] to quantitatively express the mathematical relationship between the consumption utility of farmers’ rural housing land and its related variables such as consumption preference, housing construction price, and consumption structure. The function formula is shown in (1):


  U =   ∑   n = 1  m   w n    1 −  e  −   c  s n     d n   p n         



(1)




where U represents the degree of farmers’ preference for a certain type of land or housing (life, production, ecological) within the rural housing land, and ultimately affects the choice and structure of the spatial type of farmers’ rural housing land.    w n    is the preference weight coefficient of type n consumption:    w n    ≥ 0,     ∑   n = 1  m   w n    = 1.      d n    is the demand intensity of farmers for the nth type of consumption and has the following attributes, that is,   ∀  d i  ∈   1 , 2 , ⋯ , n    , and it represents the utility measurement of a certain type of land or building in the rural housing land obtained by farmers on the basis of their own economic conditions and psychological acceptance assessment. C is the total expenditure of rural housing land construction, which is the construction cost of the nth type of land or housing inside the rural housing land.    s n    is the proportion of the construction price of the nth type of land or housing type in the total expenditure of rural housing land construction:    s n    ≥   0,     ∑   n = 1  m   s n    = 1, where n is 3 in this paper.



When solving the land structure function of rural housing land under maximizing utility, this part establishes the Lagrangian function:


  L =   ∑   n = 1  m   w n    1 −  e  −   c  s n     d n   p n        + λ   1 −   ∑   n = 1  m   s n     



(2)







Set to the extreme conditions, there are:


       (3)      ∂ L   ∂  s n    =    w n  c    d n   p n     e  −   c  s n     d n   p n      − λ = 0      (4)      ∂ L   ∂ λ   = 1 −   ∑   n = 1  m   s n  = 0        











Let Formula (3) be 0, then:


  λ =    w n  c    d n   p n     e  −   c  s n     d n   p n         



(5)







From Formula (3):


   s n  =   ln    w n  c   − ln    d n   p n    − ln λ   c /    d n   p n       



(6)







Take Formula (4) with Formula (6), and finally sort out:


   s n  =        d n   p n     2  ln      w n  c    d n   p n        c    w n  c −  d n   p n       



(7)







Equation (7) is the land structure function of rural housing land when the utility of farmers is maximized. It refers to the fact that farmers, as rational-economic men, generally allocate limited construction funds to the nth type of land structure that can maximize the utility of themselves and their families according to their subjective cognition of their own status. Further analysis shows that the multiplication of the land structure of rural housing land    S n    and the total household budget C is the total construction cost of the nth type of land. Comparing this value with the unit price    p n    of the nth type of land construction, the size    Y n    of the nth type of land can be obtained when the farmer’s utility is maximized, as shown in Formula (8):


   Y n  =   C  S n     p n    =        d n   p n     2  ln      w n  c    d n   p n         p n     w n  c −  d n   p n      =        d n     2   p n  ln      w n  c    d n   p n           w n  c −  d n   p n       



(8)







The preference coefficient    w n    of farmers’ consumption of rural housing land depends on the current subjective land preference of farmers. The calculation formula is shown in (9):


   W n  =    r i      ∑   i = 1  n   r i     



(9)




where    r i    is the frequency of a preference land space type. n is the total land-use type. Here, n = 3.






3. Results and Analysis


3.1. Parameter Solution of the Model


According to Equation (8), in the consumption utility function of rural housing land, to get the value of    Y n    it needs to determine the values of C,    p n   ,    w n   , and    d n   . Among them, the total amount of housing C and the construction price    p n    of the nth land space can be obtained by investigation and statistics. In a certain period of time, the fluctuation in farmers’ rural housing land structure preference and demand intensity in specific areas is generally small, which can be regarded as constant. Based on this,    w n    and    d n    can be obtained by analyzing the survey data.



In fact, each sample farmer has a utility value, but the individual utility evaluation is not only difficult to operate, but also not easy to analyze and use. Therefore, this paper analyzes the characteristics of three groups of farmers in plain, semi-mountainous, and mountainous areas according to the topographic areas and evaluates their utility values U respectively. Among them, the preference coefficient of farmers’ consumption of rural housing land    w n    depends on the current subjective land preference of farmers. Based on the relevant research, this paper is based on the proportion of the sample number of farmers in the region who choose a land structure or house type within the rural housing land to the total sample number.



Demand intensity    d n    indicates the importance of a land type in the rural housing land to meet the relevant needs of farmers. This paper argues that the calculation of the demand intensity of rural housing land is not only to investigate the psychological satisfaction of farmers in the process of using it, but also to analyze whether the scale of farmers’ consumption or use of a certain land within the rural housing land is real. According to the theory of marginal utility value, farmers as rational agents can follow the principle of utility maximization and maintain the optimal land scale. However, the survey found that under the current reality of uneven levels of farmers’ cognition and conceptual awareness, and imperfect rural housing land-related systems and policies, the situation of exceeding the upper bound of utility maximization is everywhere. The result is that not all the land within the rural housing land has use value, and the idle area is widespread. The actual scale of rural housing land owned by farmers is usually larger than the actual demand scale or intensity when their utility is maximized. This study estimated the value of    d n    by subtracting the idle land area of the corresponding land type from the current area of a certain land type inside the farmer’s rural housing land, which can explain the demand intensity of farmers’ rural housing land to a certain extent.



In this part, according to the formula established for solving the preference coefficient and demand intensity of land use inside the rural housing land, the relevant variables obtained in the survey are brought in. The consumption preference coefficient    w n    and demand intensity coefficient    d n    of rural households in the plain areas, semi-mountainous areas, and mountainous areas in the study area were estimated, respectively. The results are shown in Table 2.



The Equation (8), that is, the total expenditure C of rural housing land construction and the unit construction price    p n    of the internal land of the n-type rural housing land in the scale calculation function of the internal land of rural housing land, was obtained through investigation. In this study, the total expenditure of rural housing land construction and the construction unit price of residential land, production, or ecological land and houses in rural housing land are based on the survey data of 2018, which can better reflect the actual cost of rural housing land construction of farmers at present and in the future. At the same time, with reference to relevant research, in the calculation equation of the internal land-use scale of rural housing land in each topographic area, this paper brings in the average value of the total expenditure of rural housing land construction in the Pinggu District and the unit price of a certain type of land construction in the whole area, but does not take the value of each village or topographic area separately (Table 3).




3.2. The Demand and Potential of Rural Housing Land


3.2.1. The Area Demand


Substituting the parameters in Table 2 into Equation (8), the function group of the average rural housing land area (divided into mountainous area, semi-mountainous area, and plain) when the farmer’s utility is maximized is Equations (10)–(12):


         Y  p 1   =   13654.65 × ln   0.0056 ×  c   p n          0.655 ×  c   p n    − 116.85            Y  m m 1   =   3806.53 × ln   0.0052 ×  c   p n          0.322 ×  c   p n    − 61.70            Y  m 1   =   123.85 × ln   0.0021 ×  c   p n          0.023 ×  c   p n    − 11.13              



(10)






         Y  p 2   =   9254.75 × ln   0.0069 ×  c   p n          0.664 ×  c   p n    − 96.20            Y  m m 2   =   2211.73 × ln   0.0066 ×  c   p n          0.664 ×  c   p n    − 47.03            Y  m 2   =   115.18 × ln   0.0019 ×  c   p n          0.664 ×  c   p n    − 10.73              



(11)






         Y  p 3   =   7818.36 × ln   0.0072 ×  c   p n          0.664 ×  c   p n    − 88.42            Y  m m 3   =   2093.60 × ln   0.0068 ×  c   p n          0.327 ×  c   p n    − 45.76              Y  m 3   =   146.21 × ln   0.0041 ×  c   p n          0.009 ×  c   p n    − 12.09            



(12)







Among them    Y  p 1    ,    Y  m m 1    ,    Y  m 1     represent the scale of living land and buildings per household required to maximize the life utility U1 of farmers in plain, semi-mountain, and mountain areas, respectively.    Y  p 2    ,    Y  m m 2    ,    Y  m 2     are the scale of production land and buildings that need to be built when the production utility U2 of farmers in plain areas, semi-mountainous areas, and mountainous areas is maximized.    Y  p 3    ,    Y  m m 3    ,    Y  m 3     are the scale of ecological land and buildings that need to be built when the ecological utility U3 of farmers in plain areas, semi-mountainous areas, and mountainous areas is maximized. Finally, the data of the total expenditure of rural housing land construction and the unit price of various types of land construction (Table 3) obtained from the survey are substituted into the function group, and the total scale of rural housing land and the scales of life, production, and ecological land per household are obtained when the utility of farmers in plain, semi-mountainous, and mountainous areas is maximized (Table 4).



According to the analysis, the average construction area of rural housing land in the plain area is the largest, which is 165.84 m2, and the mountain area is the smallest at only 123.33 m2. The proportion of life land is the largest, and the area of life and productive land decreases from plain to mountainous areas, from 119.76 m2 to 89.07 m2 and from 44.87 m2 to 32.85 m, respectively (Figure 3). The ecological land area is the largest in the mountainous area and the smallest in the plain area. The spatial distribution of the optimal area of rural housing land reflects the pattern characteristics of farmers’ land demand. According to the above marginal utility value theory analysis, with the improvement of farmers’ ideas, the transformation of livelihood methods and the reform and improvement of rural housing land related policies and systems. Farmers with the characteristics of the rational-economic man will gradually develop in the direction of pursuing maximum consumption utility in the process of using their rural housing land, and the degree of economical and intensive use of rural housing land will continue to increase. Therefore, the scale and utility structure of farmers’ rural housing land based on the survey statistics represent the optimal results after years of historical adjustment and evolution.




3.2.2. The Area Potential


(1) The total area of rural housing land in Pinggu District is 4030.75 hm2, the average household area is about 543.76 m2, and the variation range is 135.49–1537.08 m2. The proportions of plain area, semi-mountainous area, and mountainous area are 0.217, 0.610, and 0.173, respectively. Among them, the total area of the semi-mountainous area is the largest, reaching nearly 2500 hm2. Jinhai Lake and Donggao Village are the top two towns in terms of rural housing land, with an area of nearly 500 hm2, while Pinggu Town has the smallest area of rural housing land, which is less than 100 hm2. The per household area of rural housing land in the Pinggu District was 75–580 m2 in 2005, with an average of 225.72 m2 and a coefficient of variation of 0.38. In 2018, it was 100–533.4 m2, with an average of 240.47 m2 and a coefficient of variation of 0.32. From 2005 to 2018, the per household area of rural housing land increased and the spatial heterogeneity decreased. This may be due to the fact that at the beginning of the 21st century, as a fringe area of the Beijing metropolis, Pinggu experienced considerable changes in population and land use in the process of urbanization and industrialization. The population in many rural areas decreased by 18.86%, from 228,000 in 2005 to 185,000 in 2015, while the area of rural residential land decreased by only 10.55%, from 4413.35 hectares to 3947.45 hectares (Table 5, Figure 4).



This decline in the rural population is far more than the rate of reduction in residential land, resulting in low-density land use and residential land structure changes. With the development of a regional economy and society, the economic level of farmers and the demand for housing have increased, and houses and courtyards have generally expanded. The region promulgated the ‘Pinggu District Villagers’ Residential Planning and Construction Management Measures’, etc., which made relatively uniform requirements for farmers’ housing construction, resulting in reduced regional heterogeneity. The main layout of rural housing land in the Pinggu District is the courtyard layout, with a size of 173.33 m2 (70%). The main room is the living room and the bedroom, which are about 30 m2 and 18 m2, respectively. The two sides of the room are generally two wing-rooms, each of which is about 10 m2, which are used as a kitchen, dining room, sundries room, bedroom, toilet, bathroom, and so on. The south wing room connected to the gate is generally used as a bedroom or sundry room, with a size of about 12 m2. If farmers own supermarkets, restaurants, or rentals, they will generally use the wing-room, with an average area of 20 m2.



In 2012 and 2017, the Pinggu District successively promulgated the ‘Pinggu District Rural Villagers’ Residential Construction Management Measures’ and the ‘Pinggu District Rural Villagers’ Residential Planning and Construction Management Measures’, which clearly and in detail standardized the specific requirements for the approval and construction of farmers’ rural housing land in this area. At the same time, since 2012, Beijing has implemented an afforestation project in the plains. A large amount of cultivated land in the rural areas of the Pinggu Plain has been converted into forest land. Relevant farmers are no longer engaged in traditional agricultural production, and the livelihoods of farmers in the area have changed to varying degrees. The average prices of commercial housing in Beijing and the Pinggu District in 2018 were 62,300 yuan/m2 and 24,800 yuan/m2, respectively. This price is generally higher for farmers. The change of regional social and economic background will cause the change of livelihood mode of village farmers and the adjustment of rural housing land structure, which will inevitably affect the utility of rural housing land.



(2) The average area of rural housing land of each village in the Pinggu District is compared with the land area demand of the terrain area. The average land potential is 395.64 m2, and the change range is −30.35–1413.75 m2, which is basically in accordance with the normal distribution. Overall, the regional rural housing land has great area potential. Using the natural fracture method, the potential can be divided into five grades, which are expressed by I, II, III, IV, and V in order of potential from small to large (Figure 5).



In a grade I potential region, the area potential value is −30.35–250.24 m2, the average value is 180.26 m2, mainly distributed in Xigao Village, Tasi Village, Nanniantou Village, other central and western plains, and eastern semi-mountainous areas, including 40 villages, accounting for 14.7%. In a grade II potential region, the area potential value is 250.25–372.38 m2, the average value is 318.36 m2, mainly distributed in Qiaotou Village, Dongshanxia Village, Nantaiwu Village, and other northwestern mountainous areas and semi-mountainous areas, as well as southeastern semi-mountainous areas—a total of 91 villages—accounting for 33.3%. In a grade III potential region, the area potential value is 372.39–515.46 m2, the average value is 431.72 m2, mainly distributed in Shangying Village, Taihou Village, Emei Mountain Village, and other northern mountainous areas, the central mid-mountain area, the southwest plain area—a total of 98 villages—accounting for 35.9%. The IV-level potential region has an area potential value of 515.47–807.52 m2, with an average value of 608.60 m2. It is mainly distributed in the northern mid-mountain area of Yuzishan Village, Waguantou Village, Yingcheng Village, and the southern plain area, including 39 villages, accounting for 14.3%. The V-level potential area is 807.53–1413.75 m2, with an average of 1097.25 m2. It is mainly distributed in the northern mountainous areas such as Donggou Village, Huayu Village, and Diaowo Village, including 5 villages, accounting for 1.8%. It can be seen that grade II and grade III are the main land-use potential levels, accounting for nearly 70% of the total number of villages, which are widely distributed in various terrain areas. The maximum and minimum values account for less than 20% and are concentrated in the northeastern mountainous and semi-mountainous areas.



(3) According to the distribution of land-use potential value, grade I and II can be divided into low land-use potential level, grade III can be regarded as medium land-use potential level, and grade IV and V can be classified as high land-use potential level. From Figure 5, it can be seen that the rural housing land in the northern mountainous area, the mid-eastern semi-mountainous area, and the southern plain area of the Pinggu District is mainly at the level of medium or above land-use potential, while the rural housing land in the western mountainous area and semi-mountainous area is mainly at the level of low land-use potential. In the northern mountainous area of the Pinggu Valley, the population loss is serious, and the hollow village is intensified, causing the decrease of people and the increase of land, and the average household area of rural housing land is large. The southern plain area is the main area of urbanization. This process has also promoted the development and progress of the regional economy and society and the expansion of the land. At the same time, the flat terrain and the vast area provide the inherent advantages for the expansion of the rural housing land, resulting in low-economic and intensive land-use consciousness in rural housing land. The mid-eastern semi-mountainous area, as the link between the plain area and the hilly and mountainous area, is the most volatile and diversified area of economic and social development and farmers’ livelihood in the Pinggu District.



This area is a concentrated distribution of leisure tourism resources and ecological resources in the Pinggu District. The courtyard space expansion of rural housing land is used to develop rural tourism reception, which leads to the increase of land-use potential. However, the level of rural economic development in the western mountainous and semi-mountainous areas of the Pinggu District is not high, and the urbanization process is slow. The rural economy, society, and cultural landscape still maintain the original village appearance and layout. Farmers have entered the city to work and gradually settled in the city. The countryside is only a concentrated area for the employment and living of workers with agriculture as their main industrial activity. The utility of rural housing land is relatively simple and the land-use potential is not high.






4. Discussion


4.1. Optimization of Land-Use Structure in Rural Housing Land


Using the consumption utility function to estimate the standard of rural housing land can not only maximize the utility of rural housing land, but also make the area of the rural housing land meet the requirements of aggregate utilization, which has the advantages of simple calculation and convenient use [68]. As a special commodity, rural housing land contains market value and non-market value. The calculation model of consumption utility function combines economics and psychology and connects the number of rural housing land occupied by farmers with family economic level, land-use preference, demand intensity, and other factors. It is feasible in theory and operation to calculate the area demand for rural housing land, which can be used as a pilot area for rural housing land system reform [18,19]. It provides a scientific measurement method and the realization of policy benefit maximization. The utility needed should be enhanced and expanded, and the redundant utility should be removed and socialized in the village. The study found that some land-use structures within the rural housing land still exist but no longer exist in terms of its land-use function, which is an important source of land remediation potential within the rural housing land. With the change of farmers’ livelihood mode and the rise of living standards, when some utility or land-use structure is no longer the main land-use orientation of rural housing [18,45,54], the area of rural housing land can be moderately reduced, so as to promote the intensive saving of rural housing land.



Generally, there are two ways: (1) The transformation of different land-use structures within the rural housing land, that is, the weakened land-use types in the rural housing land—such as productive storage, breeding, drying, etc.—can be adjusted to reduce or eliminate this part of the land and to enhance or add land-use types—such as living, living storage, bathroom, etc.—in order to improve the supply capacity of rural housing land. (2) The adjustment between rural housing land, land-use type, and village land use mainly includes two directions. One is that idle rural housing land can be reclaimed into cultivated land. Secondly, in view of the current general demand of farmers’ living storage land, such as car parking, small supermarkets, and other types of industrial and commercial land, this part of the land structure can be separated from the rural housing land and through village land planning, unified as the construction of parking lot and commercial housing, so that it can be socialized in the village. In this way, it not only regulates the land use of villages, but also meets the utility needs of farmers for rural housing land, and also saves land for rural housing land (Figure 6).




4.2. Utility Configuration with Regionalization and Classification of Rural Housing Land


From the historical change and the trend of farmers’ independent choice, the living function is the dominant function of rural housing land, whose non-residential function can be separated from rural housing land and socialized within the village through rural land planning. The function space separation and socialization of rural housing land is an important basis for the commercialization of rural spaces, and provides the source of land use. The commodification of rural space is a process of re-resourcing in rural areas, emphasizing that the role of modern rural space as material production is declining while the role of consumption space as non-material products is gradually increasing. Western rural geography believes that the commercialization of rural space is one of the most important factors to promote rural change and a panacea to save rural economic decline [69]. It emphasizes the role of capital and power in rural change, which is the theoretical advantage as an international frontier perspective of rural geography (Figure 6). The commercialization of rural space pays more attention to the nonmaterial goods attached to concrete resources. Immaterial good created by material entities can be consumed repeatedly, and consumers pay for and gain access to immaterial goods, rather than ownership. According to studies on the commodification of rural space, one of the paths to realize the commercialization of rural space is the consumption of rural space by urban residents brought by reverse urbanization, and rural tourism especially can attract people’s vision [70]. The utility evolution of rural housing land shows the characteristics of diversification and regional differentiation.



(1) Suburbs, economic development zones, and other surrounding areas of the plain include Duxinzhuang Village in Pinggu Town; Daxingzhuang Village and Guanjiazhuang Village in Daxingzhuang Town; Machangying Village, Dongshuangying Village, and Wanggezhuang Village in Machangying Town; Yingcheng Village, Wali Village, and Hebei Village in Mafang Town; and Donggao Village, Xigao Village, and Nanniantou Village in Donggao Town. The production utility of rural housing land is obviously enhanced, and it also has strong life utility. The land-use potential is medium level. Farmers mainly use the surplus rural housing land to rent, open restaurants or print shops, etc., and the functional content is more abundant. For example, Duxin Village in Pinggu Town is only 2 km away from the urban area, and there are a large number of enterprises on the south side of the village. Therefore, the proportion of farmers’ rural housing lands used for renting or opening restaurants is more than 60%, which enhances the income function. At the same time, most farmers have a better economic level and are able to buy new housing in cities and towns. However, due to the convenient sharing of urban resources, most farmers feel that it is not necessary to purchase houses in the urban area, but rather to renovate rural housing land houses and enhance their social security functions.



Under the guidance of industrial development in industrial parks and urban areas, we will improve the perfection of public service facilities in villages, focus on maintaining and repairing rural ecological environment, implement the renovation of human settlements environment, and strengthen the degree of livability. At the same time, we should control the disorderly expansion of rural housing land, strengthen the social security function of rural housing land, and create better basic conditions for the development of production utility. Among them, for some villages close to the urban area and where farmers have a strong willingness to urbanization, farmers can be resettled through the construction of centralized residential communities with relatively complete basic conditions. The original rural housing land or house courtyard can be reclaimed for farming and planting vegetables or trees. It can also be used to develop secondary and tertiary industries, while some rural housing lands with protection value or utilization value can be retained. At the same time, because the production utility of this area is relatively strengthened, the rural housing land that was originally close to the road or concurrently used for industry and commerce can be directly designated as industrial development land and will not be demolished, and the planned land will be concentrated along the street. In this way, it can not only ensure the functional requirements, improve the living quality of farmers, but also realize the intensive use of rural housing land.



(2) The marginal area of the new town and the semi-mountainous area around the central town have strong idle rate of rural housing land, the land-use potential is medium and above, and includes Xiaoxinzhai Village and Taipingzhuang Village in Wangxinzhuang Town, Dongtumen Village in Jinhaihu Town, Guanshang Village in Zhenluoying Town, Emeishan Village and Nandulehe Village in Nandulehe Town, Lixinzhuang Village in Shandongzhuang Town, Nantaiwu Village and Magezhuang Village in Xiagezhuang Town, and Beiyangjiaqiao Village and Hujiaying Village in Yukou Town, for a total of seven towns and 11 villages. In the semi-mountainous area between the plain area and the mountainous area, it is impossible to enjoy the urban resources conveniently. Therefore, most of the farmers with certain economic ability choose to buy a house in the workplace, so the social security ability of the rural housing land is relatively poor.



Driven by the construction of new urbanization, such areas can put villages and towns together for planning and construction, use the population and industrial advantages of cities and towns to improve the utilization rate of rural housing lands, and reduce the proportion of idle land. This can also alleviate the contradiction between employment and residence of some farmers. At the same time, the state should speed up the construction of rural housing land system, especially the exit mechanism, strengthen the social security system of rural villagers, and promote the smooth exit of farmers’ rural housing land. Strengthening the governance of village human settlements should be built on the same level as towns. The idle rural housing land can be reclaimed as cultivated land according to its location in the village or built into public facilities, such as parks and green spaces, elderly housing, parking lots, and so on.



(3) In the remote mountainous areas far away from the new town and the central town, the life utility of the rural housing land is strong, the land-use potential is mainly at the high potential level, and includes Taoyuan Village and Qingshui Lake Village in Luoying Town, Yindong Village and Dongshanxia Village in Liujiadian Town, Suziyu Village and Waguantou Village in Dahuashan Town, Huayu Village and Xiongerzhai Village in Xiongerzhai Township, and Huangsongyu Village and Dadonggou Village in the Huangsongyu Township, for a total of five towns and 10 villages. Farmers generally have a poor family economic level and are unable to purchase housing in urban areas. The farmers who work outside are mostly renting houses, so the rural housing land has a strong social security function. We should respect the wishes of farmers and the actual situation of life and livelihoods and continue to retain the village rural housing land. The area does not have the objective conditions for building new communities, demolishing rural housing lands, and living upstairs. In the future, the focus of village and rural housing land planning should be to optimize the living conditions of farmers through the policy of dilapidated housing renovation and improve the residential security function of rural housing land. We should strengthen the construction of auxiliary land for agricultural production in villages, guide the withdrawal of some functional structures in farmers’ rural housing lands, promote the separation of agricultural production and living space, adjust and optimize the land-use pattern of villages and rural housing lands, and improve the specialization of functions and the rationalization of utility structure.



(4) In the typical non-agricultural development of suburban villages, production utility is more concentrated, land-use potential is given priority to with low level, with examples including Wang Xinzhuang town of Empress Dowager Village, the Huang Songyu Township of Heidouyu Village, Nandu Lehe Town of Beizhai Village, the Xiongerzhai Township of Laoquankou Village, Shandong Zhuang town of Yuzishan Village, Shandong Zhuang Village, Liu Jiadian town of Xinggong Village, Jinhaihu Town of Huzhuang Village, and Dahuashan town of Dahuashan village, for a total of eight towns and nine villages. This type of village in Pinggu District mainly relies on high-quality tourism resources, uses rural housing land to set up farmhouses, and develops characteristic rural tourism. In some remote tourist areas or industrial parks, farmers themselves or the idle labor force in the village to open hotels and farmhouses. This not only improves the utilization rate of rural housing land, but also solves the work of idle labor force (mainly middle-aged women) in the village. The Taihou Village in Wangxinzhuang Town, although 15 km away from the city, has convenient transportation and rich tourism resources. Therefore, the proportion of rural housing lands used to set up farmhouses reaches 15%. Although located in a remote mountainous area, Bolitai Village in Luoying Town is rich in tourism resources. Driven by policies, it has become a folk tourism village. The proportion of rural housing land used for farmhouse management in the village is more than 80%.



For this type of rural housing land, we should speed up the planning and construction of villages, establish a unified brand of villages and a distinctive farmhouse business model in the region. Furthermore, it fully reflects the regional landscape and cultural differences, so that the income function of rural housing land can be sustainable. Since most of these villages are located in mountainous and semi-mountainous areas, traffic conditions and local infrastructure conditions play an important role in attracting tourists and playing the role of rural housing land income. Therefore, a sound system of public service facilities should be established, covering transportation, supermarkets, express delivery points, medical institutions, and other facilities. At the same time, we should improve the rural social security system, such as pension and assistance, promote and refine the “ two rights mortgage ” policy, and guide the transformation of rural housing land to production utility.




4.3. System Construction of Rural Housing Land for Fairness and Efficiency


Perfecting the rural housing land system is not only to strengthen the residential security of the rural housing land, but also to improve the utilization efficiency of the rural housing land [27]. Rural housing land is owned by the village collective, so that farmers cannot buy and sell it at will, which limits the free circulation of the rural housing land. However, it also guarantees the interests of farmers, so that farmers who work in cities do not have to worry about having no room to live in after they fail to enter the city, thus providing a retreat for them and encouraging their determination to enter the city. At the same time, it also makes them only pursue wage income in the city and not care about the protection of social welfare. Even wage arrears will not cause large social refugees or unrest, effectively maintaining social stability (Figure 6).



Therefore, in the future construction of the rural housing land system, it is necessary to take into account fairness and efficiency: both to protect the housing needs of farmers, but also maximize the conservation and intensive rural construction land. To ensure the fairness of rural housing land allocation, we can try to innovate the rural housing land acquisition system. Rural areas with relatively abundant rural housing land resources and relatively backward farmers’ economic conditions can continue to adopt the form of physical distribution of rural housing land. For the urban area or internal villages where the rural housing land resources are relatively tight and the farmers’ economic conditions are relatively superior, the farmers who have the demand for rural housing land and meet the conditions are only allocated to their rural housing land indicators and no longer give the rural housing land material. However, it can exchange this index for the corresponding urban housing according to certain regulations, so as to protect the housing security rights of farmers in the urban–rural transition period to a certain extent.




4.4. Contributions, Limitations, and Prospects


Due to the urban–rural dual economic structure, the change of rural land function in China is different from that in western countries [33]. In practice, the government departments in the new rural construction or rural housing land consolidation are often in accordance with the ‘remediation potential’ to promote the whole village. However, in fact, even in the same region or even the same village, the function of farmers’ rural housing land is different, and the demand of farmers is also diversified [2,3]. The level of rural housing land asset attributes is closely related to its location. Only 5% of the country’s urban villages, suburban villages, and villages with special resource endowments have higher asset values [27]. The rural areas in the suburbs of the metropolis carry out commercial development on the rural housing land, such as the development of homestays, rural tourism, farmhouses, etc.



The research on the direction of rural residential land consolidation under the guidance of different types of farmers in the Pinggu District shows that the agricultural-led type is suitable for the central village integration model, the agricultural-industrial type is suitable for the intensive model in the village, and the non-agricultural-led type is more suitable for the urban transfer model and the industrial drive model. The reform of the rural housing land system should be implemented in different regions and types, not simply from the developed areas to the underdeveloped areas [37]. We should follow the principle of being people-oriented, land saving, adapting to local conditions and extensive participation, developing a dual-objective optimization path of rural housing land function for function improvement and land-use potential release, and classifying and optimizing the use of rural housing land so as to maximize the benefits of land and meet the needs of rural development land [46,47,48].





5. Conclusions


Based on the survey data and land-use data of 613 farmers in the Pinggu District of Beijing, this paper identifies the utility structure of rural housing land, uses the consumption utility function to estimate the land demand of farmers’ rural housing land in the Pinggu District, and compares it with the current scale of village rural housing land to analyze its potential spatial pattern characteristics, and puts forward suggestions for optimizing rural housing land resources. The conclusions are as follows:



(1) In terms of the demand for land area per household, the plain area is the largest, 165.84 m2, and the mountain area is the smallest, only 123.33 m2. The average area of each village rural housing land is compared with the intensive and economical area of the topographic area in which it is located. The average potential of rural housing land in the Pinggu District is 395.64 m2, with a range of −30.35–1413.75 m2. According to the potential size, the potential of rural housing land in each village can be divided into five grades, which are expressed by I, II, III, IV, and V, from small to large.



Among them, Class II and III are the main potential levels. The area potential value is 250.25–515.46 m2, accounting for nearly 70% of the total number of villages. It is widely distributed in the mountainous and semi-mountainous areas in the northwest, the central semi-mountainous area, and the southeastern semi-mountainous area. The proportion of villages with maximum and minimum land-use potential is less than 20%, and it is concentrated in the northeastern mountainous area and some plain areas.



(2) Based on the study of the spatial pattern characteristics, change rules, and driving mechanism of rural housing land function, a matrix is established according to the combination characteristics of rural housing land function changes, different types are divided, and the rural housing lands of the surveyed farmers are classified and analyzed. Based on the relationship between structure and function, this paper summarizes the problems, adaptability, and obstacles in the functional utilization of rural housing land. Combined with the analysis of the driving force of land-use structure and the demand of land use in rural housing land, the optimization path of rural housing land function in different regions and types is formulated.



According to the combination characteristics of ‘terrain gradient differentiation, function classification and land use potential level’, this paper puts forward the optimization path of rural housing land function, such as implementing the separation of three rights of rural housing land, enhancing and expanding the functions needed, and guiding the stripping of redundant functions. Combined with the research in this paper, the authors believe that the optimization of residential base function should implement differentiated optimization strategies in different regions. In the future construction of a rural housing land system, it is necessary to take into account fairness and efficiency, gradually implement the separation of three rights of rural housing land, classify and design the adjustment scheme of land-use structure within rural housing land, and put forward the guarantee system of rural housing land function optimization from the aspects of policy guidance, urban and rural development, industrial support, and village planning.
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Figure 1. Study area (the abbreviations of the townships are as follows: PG (Pinggu), DXZ (Daxingzhuang), DGC (Donggaocun), MCY (Machangying), WXZ (Wangxinzhuang), XGZ (Xiagezhuang), MF (Mafang), YK (Yukou), SDZ (Shandongzhuang), JHH (Jinhaihu), LJD (Liujiadian), NDLH (Nandulehe), DHS (Dahuashan), XEZ (Xiongerzhai), ZLY (Zhenluoying), and HSY (Huangsongyu)). 
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Figure 2. Frame diagram of the resource optimization of rural housing land under utility structure. 
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Figure 3. The optimal land area of rural housing land in different topographic areas under utility structure of farmer. 
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Figure 4. Spatial distribution of rural housing land. 
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Figure 5. Land use potentiality of rural housing land in Pinggu District. 
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Figure 6. The process mechanism of rural housing land utility structure optimization for urban–rural integration. 
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Table 1. The calculation index of the estimation parameters of the optimal area of rural housing land.
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Variable

	
Source and Explanation






	
The overall property of rural housing land

	
Occupied areas

	
Field research




	
Total construction price




	
Internal land-use structure of life,

production and ecological

	
Construction area




	
Construction price




	
Usable area




	
What kind of land use or housing utility does farmer pay more attention to?

	
1 = Life land,

2 = Production land,

3 = Ecological land
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Table 2. Estimated value of consumption preference coefficient and demand strength coefficient.
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Life Land

	
Production Land

	
Ecological Land






	
Plain area

	
Consumption preference frequency

	
87

	
42

	
3




	
Consumption preference coefficient

	
0.655

	
0.322

	
0.023




	
Demand intensity coefficient

	
116.853

	
61.697

	
11.129




	
Semi-mountainous

	
Consumption preference frequency

	
242

	
113

	
7




	
Consumption preference coefficient

	
0.668

	
0.312

	
0.020




	
Demand intensity coefficient

	
96.202

	
47.029

	
10.732




	
Mountain area

	
Consumption preference frequency

	
75

	
38

	
6




	
Consumption preference coefficient

	
0.635

	
0.315

	
0.050




	
Demand intensity coefficient

	
88.422

	
45.756

	
12.091
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Table 3. Construction spending per household of the overall building and all kinds of houses internally.
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	Total Expenditure per Household Building C (yuan)
	Living Space Construction Unit Price P1 (yuan/m2)
	Production Space Construction Unit Price P2 (yuan/m2)
	Ecological Space Construction Unit Price P3 (yuan/m2)





	Whole area
	97,672.99
	667.02
	325.10
	7.91
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Table 4. The construction area of all kinds of houses in the rural housing land (m2/household).
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	Living Land Construction Area Y1
	Construction Area of Productive Land Y2
	Ecological Land Construction Area Y3
	The Total Area of Rural Housing Land Buildings per Household Y





	Mountain area
	89.07
	32.85
	1.46
	123.33



	Semi-mountainous
	110.19
	37.82
	1.36
	150.49



	Plain area
	119.76
	44.87
	0.92
	165.84
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Table 5. Spatial distribution of rural housing land scale.
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Topographic Area

	
Town

	
Area (hm2)

	
Proportion






	
Plain area

	
Pinggu

	
75.28

	
873.45

	
0.086

	
0.217




	
Machangying

	
254.56

	
0.292




	
Mafang

	
305.07

	
0.349




	
Daxingzhuang

	
238.54

	
0.273




	
Semi-mountainous

	
Yukou

	
324.15

	
2458.45

	
0.132

	
0.610




	
Wangxinzhuang

	
384.75

	
0.156




	
Shandongzhuang

	
214.07

	
0.087




	
Nandulehe

	
317.51

	
0.129




	
Jinhaihu

	
496.05

	
0.202




	
Donggaocun

	
482.53

	
0.196




	
Xiagezhuang

	
239.38

	
0.097




	
Mountain area

	
Liujiadian

	
112.87

	
698.85

	
0.162

	
0.173




	
Dhuashan

	
241.41

	
0.345




	
Zhenluoying

	
121.85

	
0.174




	
Xiongerzhai

	
107.01

	
0.153




	
Huangsongyu

	
115.72

	
0.166




	
Whole area

	

	

	
4030.75

	

	
1
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