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Abstract

:

China has achieved success in implementing the rural revitalization strategy and promoting the development of new urbanization. However, there are still many problems in the research and implementation on urban–rural integration development, such as insufficient research at the township level, unclear recognition of development patterns, and disconnection from land-use planning. Therefore, taking Hanchuan city in the Wuhan metropolitan area as a case study, this research constructs a comprehensive evaluation system of urban–rural integration development based on both on the current and potential level of development, and identifies the spatial characteristics and patterns in the study area. This study found that: (1) The comprehensive evaluation result of urban–rural integration development in Hanchuan City shows that a high level of development units are mainly distributed in the northeast and southwest, and gradually decreases from the northeast and southwest, indicating that towns in the central area are relatively weakly driven by the radiation of the surrounding growth poles. (2) Xiannvshan Street, Makou Town, Chenhu Town, and Xinyan Town with the highest comprehensive evaluation values were selected as the centers of urban–rural integration development in four directions. (3) Four typical patterns of urban–rural integration development, which are town gathering, agro-tourism interaction, industry-trade driven, and agricultural service, are derived by the gravity model and classification assignment method according to their respective centers. (4) According to the urban–rural integration development patterns, land-use strategies such as centralization for promoting linkage level of towns, differentiation for arranging various resources and infrastructures, and demonstration for optimization of experience to the whole area are proposed in a targeted manner. This study has important implications for the preparation and implementation of urban–rural integration development and provides effective planning guidance for promoting social equity and accessibility of facilities in the metropolitan area.
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1. Introduction


Urban–rural integration is considered to be the ideal state of development between urban and rural areas [1], which means that elements freely penetrate and interact with each other, and make the urban and rural develop together [2]. To overcome the negative impact of the long-term urban–rural dual system, the European Commission formulated the integration principle from the perspective of European spatial development in 1999 [3]. Nowadays, urban–rural integration has become an important trend in social and economic development for both the developed and developing countries [4,5].



Since 1949, China has implemented the urban–rural development concept of “supporting the industry with agriculture and nurturing cities with the countryside” [6], and gradually formed the situation of urban–rural dual division, leading to the problem of unbalanced urban–rural development over the past five decades. In the new era, China has paid great attention to the integrated development of urban and rural areas, such as continuously increasing the support for the rural areas and formulating a series of policies and systems to promote rural revitalization and urban–rural development. In general, China’s urban–rural relationship has gone through a process from dual segmentation to overall planning and integration [7]. However, in 2020, the urban–rural income ratio in developed countries such as the UK and Canada was close to 1, and the urban–rural income ratio in low-income countries in Africa such as Uganda was only about 2.3, while the urban–rural income ratio gap in China was as high as 2.56 [8]. The unbalanced and insufficient development between urban and rural areas is still an important feature of the current urban–rural relationship in China.



Theories regarding the interactive relationships between urban and rural mainly include Utopian socialism, Marx and Engels’ urban–rural relationship theory, “Garden city”, “Organic evacuation” theory and “Desakota” model [9,10,11,12]. They emphasize balanced development and deny excessive bias towards urban and rural areas. From the perspective of urban–rural integration development, current research mainly focuses on measuring the level of urban–rural integration [13], evolving characteristics [14], influencing factors [15,16], classification of villages in the context of urban–rural integration [17], and summarizing excellent case experiences [18,19]. In addition, related studies have concluded that there are flows of people, goods, capital, information, and technology [20] between urban and rural areas. Mayer et al. focused on rural entrepreneurs who established links between urban and rural areas and investigated the role of their entrepreneurial activities in improving economic relations between urban and rural areas [21]. However, existing studies have paid less attention to the planning responses to the integrated urban–rural development, especially on how to scientifically delineate the scope of integrated urban–rural development zones and how to propose targeted optimization strategies for different development patterns. In particular, the problems of insufficient research at the county implementation level, unclear guidance and strategy of development patterns, and disconnect from spatial planning are particularly prominent.



To fill these gaps, this research selects Hanchuan City, located within the Wuhan metropolitan area, as the study area. Then, the comprehensive evaluation system which combines the current and potential level of urban–rural integration development together is constructed. The centers of urban–rural integration development are selected according to the comprehensive level of urban–rural integration development at township level, and the urban–rural integration development zones are delineated by using the gravity model. Finally, different types of urban–rural integration development patterns are identified, and corresponding strategies for urban–rural integration development planning guidance are proposed. The innovation points of this research include the following two main aspects. Firstly, this study constructs a comprehensive evaluation system which is made up of socio-economic and land-use-related indicators, to quantitatively assess the urban–rural integration development at township level. By using the gravity model, the scope of urban–rural integration development zones are delineated. Secondly, different leading patterns of urban–rural integration development zones delineated. Furthermore, urban–rural land-use strategies, such as centralization, differentiation and demonstration, are proposed according to the recognized patterns. This research could provide a direct basis for the preparation and implementation of urban–rural integration development, thus leading to better social equity and accessibility to facilities in the metropolitan area.




2. Materials and Methods


2.1. Study Area


Hanchuan City is located in the Wuhan metropolitan area in the middle reaches of the Yangtze River, with flat and low-lying terrain, low terrain complexity, and a strong agricultural foundation. Hanchuan City is a key county-level city for comprehensive agricultural development in the Jianghan Plain. Hanchuan City consists of two township-level subdistricts and 24 towns, with a total area of 1659.91 km2. The urban land area accounts for about 1.89% and the rural settlement area accounts for about 9.21%. In 2020, the GDP of Hanchuan City was 64.566 billion Yuan, the resident population was about 0.9 million, and the urbanization rate was about 60.66 %. Figure 1c shows the administrative division and land use of Hanchuan City.




2.2. Data Sources


The data used in this study mainly include socio-economic statistics, land-use data, and built environment data. Among these data, socio-economic statistics are mainly from the Xiaogan Statistical Yearbook 2020, and the China County Statistical Yearbook. The land-use data of Hanchuan is the LUCC data of 2020, provided by the Data Center for Resources and Environmental Sciences, Chinese Academy of Sciences (http://www.resdc.cn, accessed on 16 September 2022), which is now one of the most commonly used data sets for conducting related studies [22]. Spatial data of the built environment, such as road networks and transportation hubs, were obtained from the Hanchuan Planning Bureau.




2.3. Methods


In this study, the comprehensive evaluation of urban–rural integration development was a weighted combination of the current and potential levels of integration. The evaluation of current integration development level was carried out from five dimensions, including urban–rural demographic, spatial, economic, social and ecological integration. The evaluation of the potential integration development level was carried out from five dimensions, including location and transportation, town scale, economic level, facility construction, and characteristic resources. Based on the comprehensive evaluation results, towns with the highest integration level were selected as the centers of the urban–rural integration development zones in each direction within the municipal area. The gravity model was used to delineate the scope of the urban–rural integration development zones and identify the urban–rural integration development patterns. Finally, the corresponding planning and guiding strategies for urban–rural integration development were proposed in a targeted manner (Figure 2).



2.3.1. Evaluation Model of the Current Integration Development Level


The level of current urban–rural integration development measures the degree of interconnectedness of natural, spatial, economic, and social elements between urban and rural areas [23]. In this study, the linear weighted sum method was used to calculate the current urban–rural integration development level score of each town [24]. The calculation formula is as follows:


   L i  =   ∑   j = 1  n   W j   X  i j    



(1)




where    L i    is the score of the level of current urban–rural integration development of the  i th town;    W i    and    X  i j     are the weights and standardized values of the  j th indicator of the  i th town, respectively; and  n  is the number of towns.



	(1)

	
Construction of the Indicator System







This study fully considers the calculability of indicators, the accessibility of data, and combines the current situation and demands of urban–rural development to construct the evaluation system of urban–rural integration development. As shown in Table 1, one target is the level of urban–rural integration development, and five criteria are urban–rural population integration, spatial integration, economic integration, social integration and ecological integration. The 18 indicators are introduced to conduct the measurements and calculation (Table 1).



	(2)

	
Data Normalizations







The units and attributes among indicators in the evaluation system are different and cannot be directly weighted and superimposed, it is necessary to standardize the evaluation indicators into a uniform manner. In this study, all data are processed by using the standardized method of extreme differences [30], which is calculated as follows:



Positive indicators:


   Z  i j   =    X  i j   − m i n  X  i j     m a x  X  i j   − m i n  X  i j      



(2)







Negative indicators:


   Z  i j   =   m a x  X  i j   −  X  i j     m a x  X  i j   − m i n  X  i j      



(3)




where Zij is the standardized value of the jth indicator in the ith sample; Xij is the jth indicator value in the ith sample; maxXij is the maximum value of the jth indicator in the ith sample; and minXij is the minimum value of the jth indicator in the ith sample.



	(3)

	
Weight Calculation







The standardized indicator value of each town is passed for KMO and Bartlett’s sphericity test [31]. The linear combination coefficients and the coefficients in the composite score model is calculated based on the principal component matrix. The weights of each indicator are distributed from 0 to 1, resulting in the final weight of each indicator.




2.3.2. Evaluation Model of Potential Urban–Rural Integration Development Level


Based on the standardization of data and calculation of weights, the potential development level of each town is weighted and summed, i.e., the weighted sum of the standardized values of each indicator multiplied by its weight is calculated [32]. The calculation formula is:


   S i  =   ∑   j = 1  n   w j   P  i j     j = 1 , 2 , 3 , · · · n    



(4)




where Si is the potential development score of the ith town, Pij is the standardized indicator of the ith town,    w j    is the weight of indicator j, and n is the number of indicators in the evaluation system.



	(1)

	
Construction of the Indicator System







The hierarchical model of the analytic hierarchy process (AHP) is used to construct the evaluation system of potential urban–rural integration development into a structure of “1 + 5 + 18”, which consists of 1 target, 5 criteria and 18 indicators. The target is the potential level of urban–rural integration development of each town. The criteria include five aspects: location and transportation, town scale, economic level, facility construction, and characteristic resources. The 18 indicators include specific indicators such as population size, township construction scale, industrial output value, and per capita net income of farmers (Table 2).



	(2)

	
Weight Calculation







The data for calculating the indicators are normalized using the forward processing method in Section 2.3.1. Hierarchical analysis and the Delphi method are used to determine the weights of each evaluation indicator [38]. The hierarchical structure model is established by using Yaahp software, and the weights of each indicator are finally calculated by establishing the relative importance comparison matrix of indicators after the consistency test.




2.3.3. The Comprehensive Evaluation System of Urban–rural Integration Development


The evaluation results of the current and potential urban–rural integration development levels are weighted and summed, and the weights are calculated specifically using the expert scoring method. The revised scores of the current and potential development, and the final comprehensive evaluation results are obtained by adopting the combined opinions of several experts [39]. The specific formula is as follows:


  T =  a 1   L i  +  a 2   S i   



(5)




where  T  is the comprehensive evaluation result of urban–rural integration development;    L i    and    S i    are the evaluation results of the current and potential urban–rural integration development level, respectively; and    a 1    and    a 2    are the weights of the current and potential urban–rural integration development level, respectively.




2.3.4. The Division of Urban–rural Integration Development Zones


Towns with the highest overall score are selected as the centers of the urban–rural integration development zones. The gravity model is used to calculate the gravity value between each center and the surrounding towns [40]. The higher the gravity value, the closer to the centers. In the gravity model formulation, the mass parameter and the distance parameter are key factors that affect the model’s results. The specific formula is as follows:


   I  i j   =    M i   M j     D  i j  2     



(6)




where    I  i j     is the gravity between center  i  and town  j ;    M i    and    M j    denote the comprehensive evaluation results of center  i  and town  j ; and    D  i j     denotes the road distance between  i  and  j .






3. Results


3.1. Comprehensive Evaluation of Urban–Rural Integration Development


3.1.1. The Current Level of Urban–Rural Integration Development


The current level of most towns in Hanchuan City is lower than the average. The towns with high levels form an axis in the direction from northeast to southwest. The indicator weights of each township in Hanchuan are derived by principal component analysis, and the current level of urban–rural integration development of each town is finally calculated. The development level of urban–rural integration in Hanchuan is 0.35, which can be judged that Hanchuan as a whole is in the primary stage of urban–rural integration. Among them, 7 out of all the 26 towns, such as Xiannvshan Street and Xinhe Town, have a higher value than the average value of Hanchuan City, accounting for 26.92%. While the other 19 towns, such as Miaotou Town and Dongzhong Town, are lower than the overall average value, accounting for 73.08%. Therefore, Hanchuan City still needs to continue to promote the development of urban–rural integration.



The natural breakpoint method was used to classify the current urban–rural integration development value of 26 towns of Hanchuan City into four levels. The first category is the towns with the highest level of urban–rural integration development, accounting for 3.84% of the total towns, such as Xiannvshan Street, which is the central urban area of Hanchuan City, with a current level of urban–rural integration development far ahead of other towns. The second category is the towns with a higher level of urban–rural integration development, including Makou Town, Chenghuang Town, Fenshui Town, Chenhu Town, Xinhe Town, and Diaodong Street, accounting for 23.08% of the total. The third category is towns with a lower current level of urban–rural integration development, including eight towns, such as Maiwang Town, Tianerhe Town, and Huilong Town, accounting for 30.77% of the total towns. The fourth category is towns with the lowest current level of urban–rural integration development, including 11 townships such as Xinyan Town, Dongzhong Town, and Mahe Town, accounting for 42.31% of the total. From the viewpoint of spatial distribution, the first and second categories of towns form a spatial axis in the direction of “northeast–southwest”, which may provide strong support for determining the spatial development pattern of Hanchuan City (Figure 3).




3.1.2. Potential Level of Urban–Rural Integration Development


In order to specifically display the potential urban–rural integration development of each town, this study standardized the calculation results and uniformly set the highest value of potential urban–rural integration development of towns up to 100. According to the described method, the standardized scores of the potential urban–rural integration development of 26 towns were calculated, and the natural breakpoint method in ArcGIS software 10.0.2 was applied to classify the potential level of towns into three categories, which were high, medium and low development towns, respectively. Among them, the high development towns have comprehensive scores between 66.51–100, with a strong potential development level. The comprehensive scores of towns with medium development are between 34.68–66.51, which shows outstanding potential development in a certain way. The comprehensive scores of towns with low development are below 34.68, indicating weak development potentials.



The potential urban–rural integration development level of towns in Hanchuan City has a pyramidal structure from high to low. The townships with high, medium, and low development potentials account for 15.39%, 26.92%, and 57.69% of the total number of towns, respectively, and the overall balance is at a low level. The spatial distribution of towns with high development potential is concentrated in the eastern part of Hanchuan City adjacent to Wuhan City, with more obvious location advantages. The spatial distribution of towns with medium development potentials is more fragmented, either relying on the advantage of close contacts with urban areas or the rich characteristic resources. The low development towns are mainly located in the central and western parts of Hanchuan City. These towns are mostly traditional agricultural towns, which lack service cores to drive the overall development, and have no characteristic advantageous resources to use. They are not strongly connected with the urban areas (Figure 4).




3.1.3. The Comprehensive Evaluation of Urban–Rural Integration Development


The results of current and potential urban–rural integration development levels are weighted and summed to calculate the comprehensive evaluation results. The weights of the current and potential urban–rural integration development levels were determined to be 0.4 and 0.6, respectively, resulting in the revised current and potential scores (Table 3). The natural breakpoint method was used to classify the comprehensive evaluation results into four categories (Figure 5).



The spatial patterns of the comprehensive evaluation results of urban–rural integration development in Hanchuan city gradually decrease from the northeast and southwest to the central area. The eastern part of Hanchuan is adjacent to Wuhan, which is the core city of the Wuhan metropolitan area. The urban area of Hanchuan is also located in the northeastern part of the county, which is influenced by the radiation of Wuhan city and the central urban area of Hanchuan, thus the overall level of the central urban area and its surrounding townships is high and gradually decreases from the central urban area outward. Although some of the towns in southwestern Hanchuan are far away from Wuhan and Hanchuan’s central urban area, such as Chenhu Town, they have the advantage of being close to the central urban area of Xiantao City, thus leading to a strong industrial base and a high level of integrated urban–rural development. In contrast, the towns in the central region are relatively weakly driven by the radiation of the surrounding growth poles (such as the central urban area of Hanchuan and Wuhan City adjacent to the eastern part of Hanchuan, and the central urban area of Xiantao City adjacent to the southwestern part).





3.2. Divisons of Urban–Rural Integration Development Zones


3.2.1. The Centers of Urban–Rural Integration Development Zones


According to the central place theory [41], regional network structure theory [42], and the territorial spatial master planning, the 26 towns in the whole area of Hanchuan city are roughly divided into four regions: northeast, southeast, southwest, and northwest. Towns with the highest combined scores of the current and potential development levels were selected as urban–rural integration development centers in each of the four regions. Therefore, Xiannvshan Street, Makou Town, Chenhu Town and Xinyan Town were selected as the centers of the northeast, southeast, southwest and northwest of Hanchuan City, respectively. These four centers drive the hinterland of surrounding towns to integrate development (Figure 6).




3.2.2. Zones of Urban–Rural Integration Development


The gravity model was used to calculate the gravity value between the centers and surrounding towns. A larger gravity value means that the town is more closely connected to the selected center. In terms of the setting of quality parameters, the comprehensive evaluation score of each town was taken as the quality, which reflects the strength of a town’s urban–rural integration development more comprehensively. In terms of the setting of the distance parameter, the road distance between the center and each town was taken as the distance parameter because Hanchuan is mainly road traffic. The gravity values between the other 22 townships and the four centers were obtained (as shown in Table 4 and Figure 6), and the spatial extent of the four urban–rural integration development zones were divided according to the principles of similarity and consistency of town development and their environment (Figure 7).





3.3. Recongnition of Urban–Rural Integration Development Pattern


According to the evaluation of the potential development, the multifunctional evaluation of each town within different zones is conducted based on five elements: location and transportation, town scale, agricultural production, non-farm economy, characteristic resources, and so on [43,44]. Using the categorical assignment method, the scores of each element were assigned to seven grade intervals, with a maximum value of eight and the minimum value of two. The scores of the towns within the four development zones were calculated by horizontally comparing the maximum value of each town’s score, comprehensively considering the leading industries of each town and the leading functions of each development zone. The urban–rural integration pattern of Hanchuan City was finally classified into four types: town gathering, agro-tourism interaction, industry-trade driven, and agricultural service (Figure 7).



3.3.1. The Pattern of the Town Gathering Type


The town gathering type has more comprehensive industrial advantages. Xiannvshan Street and Xinhe Town focus on secondary and tertiary industries with strong economic strength; Chenghuang Town and Liujiage Town have developing manufacturing and modern service industries while stabilizing agriculture of the traditional agricultural towns, such as Diaodong Street, Mahe Town and Huayan Farm. From the spatial distribution of the pattern, these eight towns are located in the dense area of the eastern part in Hanchuan City, among which Xiannvshan Street, Diaodong Street and Xinhe Town are partly located within the central urban area. Thus, this type was summarized as the town gathering type pattern by combining the industrial base and spatial distribution.




3.3.2. The Pattern of the Agro-Tourism Interaction Type


The leading functions of the towns within the agro-tourism interaction type are characteristic resources and agricultural production. Through sorting the resource endowment, it was found that Nanhe Town, Yanglingou Town, Ma’an Town, and other towns have good agricultural landscapes or planting bases to develop rural tourism. From the spatial distribution, it can be seen that this type of integration development zone is located to the south of the Hanjiang River and close to the Caidian District of Wuhan City, leading to good tourism location advantages, and can link Huanglong Lake of Ma’an Township, Tianyu Lake of Makou Town, Nanhe Ancient Ferry in Nanhe Town and other scenic spots to form the Hanan agricultural tourism leisure resort area.




3.3.3. The Pattern of the Industry-Trade Driven Type


Most of the towns’ leading industries within the industry-trade driven type are secondary industries, and the urban functions are mainly a non-agricultural economy. In particular, Chenhu Town and Fenshui Town are, respectively famous for their metal products and pharmaceutical packaging, with strong industrial foundations. The surrounding Huilong Town, Maiwang Town, and Chenhu Town have both industrial divisions and cooperation, which is good for forming industrial clusters. While Tianerhe Town can be used as a product trading distribution center by its geographical advantages at the junction of the two cities. Though Litan Town is a traditional agricultural town, it can provide raw materials and labor for industrial development. Therefore, this pattern was summarized as the industry-trade driven type.




3.3.4. The Pattern of the Agricultural Service Type


Towns within the agricultural service type are located in the vicinity of the Jianghan Plain, and their leading function is agricultural production. The traditional agricultural town of Xinyan is the unit center. The leading industries are high-quality rice cultivation, special aquaculture and fine processing industry of agricultural products. Among them, Xinyan Town and Hanji Town have the foundation of developing new modern agriculture; Dongzhong Town relies on a planting foundation to develop melon fruit and a flower industry; Zhongzhou Farm has the largest area of hybrid cotton base in Hanchuan. The last round of master planning also positioned the area as a grain production base, a special aquaculture base and an important fruit and vegetable production base of Hanchuan city. Thus, this pattern was summarized as the agricultural service type.






4. Implications for Urban–Rural Integration Development Planning


4.1. Centralization


Building a five-level hierarchy of “central urban area—subcentral town—key town—general town—new rural community” is needed to strengthen the agglomeration effect of the central urban area, sub-central town, and key town, to thus guide the orderly and efficient development of urban and rural areas and drive the construction of industries and facilities in general towns and central villages. Among them, the subcenter towns are supported by expanding the scale of construction, actively accepting the overflow of manufacturing functions from urban areas and neighboring cities in the region, developing employment- and technology-oriented labor-intensive industries, and improving public service facilities. As linkages between the central urban area, subcenter towns, general towns and key towns are important nodes and must act as the backbone of urban–rural integration in Hanchuan City by using favorable conditions such as transportation and natural resources to develop tourism, agricultural and sideline product processing industries to build a service center that radiates to the surrounding rural areas. Combining the analysis of the village distribution planning of each town and the territorial spatial master planning of the development conditions and development potential of villages, priority will be given to select settlements with good development conditions and build new rural communities in combination with resettlement.




4.2. Differentiation


Due to the great difference between the east and west directions of Hanchuan City, different guidance should be taken to promote the integrated development of urban and rural areas. The development paths and management of towns and villages in different zones should be planned in a focused and targeted manner. According to the differences in resource endowments and industrial development of each town, four different urban–rural integration development patterns are proposed, namely, town gathering type, agro-tourism interaction type, industry-trade driven type, and agricultural service type. Town gathering type pattern applies to the central urban areas of Hanchuan. Agro-tourism interaction type pattern applies to the areas with rich tourism resources. Industry-trade driven type pattern applies to the areas around key towns. Agricultural service type pattern applies to the areas with traditional agricultural production and poor industrial foundation and lack of infrastructure. Through the above classification, the development gap between the east and the west of Hanchuan city could be narrowed, leading to balanced development and striving to make up for the backwardness of the development of western villages and towns.




4.3. Demonstration


It is of great importance to build some demonstration areas, such as the central urban area of Hanchuan and Makou Town, to provide development guidance for other towns. The central urban area of Hanchuan has a good economic foundation and comprehensive functions. These areas focus on integrating the complex resource elements in the region to form an urban–rural ecosystem with a two-way flow of elements. Makou Town, relying on its strong industrial foundation and tourism resources, can serve as a dual demonstration area of agro-tourism interaction and industry-trade driven integration development pattern. It could build a modern rural community and give priority to the transformation from agriculture and rural areas to industry-trade towns. To narrow the gap between urban–rural development, these urban–rural integration demonstration zones could promote the two-way free flow of urban–rural production and the rational allocation of public resources. The demonstration zones should break the institutional drawbacks, complement the policy weaknesses to establish the urban–rural integration development system and policy system to provide a replicable typical experience for Hanchuan City.





5. Discussion


5.1. The Mechanism for Forming Urban–Rural Integration Development Patterns


Previous studies on urban–rural integration mainly focused on the evaluation of the development level of urban–rural integration [32], while less attention has been paid to what should be carried out after the evaluation. Therefore, the evaluation results cannot be well integrated with the subsequent planning implementation. In addition, in terms of evaluation contents, previous studies have often focused on measuring the current level of development, while less attention has been paid to the future development potential of urban–rural integration. Unlike previous studies, this study argues that the current and potential levels, patterns, and strategies of urban–rural integration development all differ within a city from the perspective of spatial heterogeneity [45].



At present, the county level urban–rural integration development is still in the stage of continuous exploration. Cultivating urban–rural integration development zone is an efficient way from the perspective of clusters. Based on the evaluation results of the current and potential level of urban–rural integration development, the gravity model was used to divide the study area into different urban–rural integration development zones with different development patterns. The formation of the four urban–rural integration development patterns is mainly the combinations of two forces, the internal and external of the city. For the internal forces, urban–rural integration development patterns are closely related to the spatial distribution of natural and human resources in the county, as well as the overall territorial spatial plan. For the external forces, the Wuhan metropolitan area, cannot be ignored as a driving force for its integrated urban–rural development. Hanchuan is adjacent to Wuhan, which is the core city of the Wuhan metropolitan area. According to the growth pole theory, Wuhan city is the first growth pole of the Wuhan metropolitan area and has a strong attraction effect on the population, economy and other factors in the surrounding areas [46]. Therefore, the integrated urban–rural development and the formation of specific patterns in Hanchuan are also subject to a larger role of the core city.



However, the specific role of the core cities in the metropolitan area in the urban–rural integration of the surrounding cities needs to be further discussed. For instance, when the core cities promote the development of urban and rural areas, and whether they promote the continuous reduction or expansion of the relative gap between urban and rural areas in the surrounding counties. The formation mechanism of their urban–rural integration development patterns may vary from cities outside the metropolitan area. There are likely to be some differences even in their internal urban–rural integration development patterns, except that the specific types of patterns are exactly the same as Hanchuan’s urban–rural integration development patterns.




5.2. Limitations


China is actively promoting the development of new-type urbanization and urban–rural integration. To continually direct the efficient circulation of urban–rural elements and strengthen the urban–rural governance system, it should completely combine the resource advantages and potentials within each county and plan differentiated urban–rural integration development patterns. The results of this study can provide direct support for the preparation and implementation of township-level territorial spatial planning, and the layout planning of rural settlements in the county and the allocation of urban and rural infrastructure and public service facilities. This study builds an index system for evaluating urban–rural integration development level which is made up of socio-economic and land-use-related indexes; however, two main shortcomings exist. First, due to data limitations, this study was not based on a dynamic assessment [47] and did not consider the trends in the evolving level of urban–rural integration development over the study years. Secondly, due to some constraints, such as time and finance, a comprehensive survey on the degree of happiness of residents, or satisfaction with the current status of urban–rural integration development, or other subjective feelings were not considered. In the future, the evaluation model of urban–rural integration development level should be further improved by combining it with survey data and so on.





6. Conclusions


This study constructed a comprehensive evaluation system of urban–rural integration development based on the current and potential level of development, taking Hanchuan City, located in the Wuhan metropolitan area, as the case study area at the county level. After evaluating the comprehensive level of urban–rural integration development, the gravity model was used to scientifically delineate the scope of the urban–rural integration development zones. Four different types of urban–rural integration development patterns were identified: town gathering, agro-tourism interaction, industry-trade driven, and agricultural service. Finally, the corresponding optimization strategies were targeted. The comprehensive evaluation results and recognized patterns of urban–rural integration development were effectively connected with county-level and township-level territorial spatial planning, which could provide direct guidance for the determination of the county–town system and the development direction of each zone within the county. In addition, the methodological evaluation system of urban–rural integration development and pattern recognition established in this study is not only applicable to Hanchuan City within the Wuhan metropolitan area, but may also be of reference value to other counties or cities within or outside the metropolitan area.
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Figure 1. Study area. (a) Locations of the study area in China. (b) Locations of the study area in the Wuhan metropolitan area. (c) Land use of the study area. 
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Figure 2. Research framework of this research. 
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Figure 3. Spatial distribution of current urban–rural integration development level of each town in Hanchuan City. 
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Figure 4. Spatial distribution of potential urban–rural integration development in each town of Hanchuan City. 
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Figure 5. Spatial distribution of the comprehensive evaluation results of urban–rural integration development. 
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Figure 6. Spatial distribution of urban–rural integration development centers. 
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Figure 7. Spatial distribution of the urban–rural integration development pattern. 
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Table 1. Evaluation system of the current urban–rural integration development level.
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Target

	
Criterions

	
Indicators

	
Unit

	
Method of Calculation

	
Index Attribute






	
Evaluation of the current Urban–rural Integration Development (A)

	
Urban–rural population integration (A1) [25]

	
Level of population urbanization (A01)

	
%

	
(Number of urban population/Total population) × 100%

	
Positive




	
Rate of urban and rural population going out (A02)

	
%

	
(Number of outworkers/Total population) × 100%

	
Negative




	
Proportion of agricultural labor (A03)

	
%

	
Number of labor force in (primary industry/Total labor force) × 100%

	
Negative




	
Urban–rural spatial integration (A2) [26]

	
Urban–rural road network density (A04)

	
km/km2

	
(Road length/Total land area) × 100%

	
Positive




	
Urban–rural public service facilities density ratio (A05)

	
%

	
(Density of rural public service facilities/Density of urban public service facilities) × 100%

	
Positive




	
Level of land urbanization (A06)

	
%

	
(Area of built-up area/Total land area) × 100%

	
Positive




	
Urban–rural economic integration (A3) [27]

	
Ratio of non-agricultural output value to agricultural output value (A07)

	
%

	
(Non-agricultural output value/Agricultural output value) × 100%

	
Positive




	
Per capita GDP (A08)

	
Yuan

	
GDP/Total population

	
Positive




	
Rural per capita net income (A09)

	
Yuan

	
-

	
Positive




	
Output value of industrial enterprises above designated size (A10)

	
Billion yuan

	
-

	
Positive




	
Urban–rural social integration (A4) [28]

	
Every ten thousand people have the number of primary school teachers (A11)

	
People

	
Number of elementary school teachers/10,000 people

	
Positive




	
Number of students in urban–rural primary schools (A12)

	
People

	
-

	
Positive




	
Number of health technicians per thousand population in urban–rural areas (A13)

	
People

	
Number of health technicians/Thousands of people

	
Positive




	
Number of medical beds per thousand population (A14)

	
Beds/1000 people

	
Number of beds in urban–rural medical institutions/Thousands of people

	
Positive




	
Urban–rural ecological integration (A5) [29]

	
Urban–rural garbage harmless disposal rate (A15)

	
%

	
(Amount of harmless garbage disposal/Amount of urban–rural garbage generation) × 100%

	
Positive
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Table 2. Evaluation system of the potential level of urban–rural integration development.
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Target

	
Criterions

	
Indicators

	
Scoring Standard






	
Urban–rural integration development potential (B)

	
Location and Transportation (B1) [33]

	
Is the town located around economically developed areas (B01)

	
5 points for proximity to large cities, 3 points for the periphery of the central city, 2 points for being located in the development axis, and 1 point for other areas




	
Distance of the town from transportation hubs and roads (B02)

	
High-speed railway station, high-speed exit, rail transit station, national highway, provincial highway, other roads are assigned 5, 4, 4, 3, 2, 1




	
Town scale (B2) [34]

	
Whether the township is a key development township (B03)

	
National key town assignment points 5, provincial model towns, central town assignment points 3, general town assignment points 1




	
Population size (B04)

	
Total resident population size




	
Township construction scale (B05)

	
Township built-up area land size




	
Economic level (B3) [35]

	
Industrial output (B06)

	
The output value of industrial enterprises above the scale




	
Number of Industrial Parks (B07)

	
Current and planned number of industrial parks




	
Per capita net income of farmers (B08)

	
-




	
Agricultural production (B09)

	
Average grain land yield




	
Facility Construction (B4) [36]

	
Educational Facilities (B10)

	
Number of primary and secondary schools




	
Medical Facilities (B11)

	
Number of medical beds per 1000 population




	
Garbage disposal (B12)

	
Township waste disposal rate




	
Characteristic resources (B5) [37]

	
Natural Waters (B13)

	
Lakes, rivers, wetlands, assigned 5, 3, 2, respectively




	
Geographical system (B14)

	
Forest land, water area, arable land, and town are assigned 5, 3, 2, and 1 point, respectively.




	
Brand Resources (B15)

	
National well-known trademarks and provincial famous trademarks are assigned 5 and 3 points, respectively




	
Tourism Resources (B16)

	
National and provincial scenic spots are assigned 5 and 3 points, respectively




	
Tangible Cultural Heritage (B17)

	
According to the heritage level, the national level is assigned 5 points, the provincial level is assigned 3 points, the municipal level is assigned 1 point




	
Intangible Cultural Heritage (B18)

	
According to the level of intangible cultural heritage, the national level is assigned 5 points, the provincial level is assigned 3 points, and the municipal level is assigned 1 point.
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Table 3. Ranking of the comprehensive evaluation results of urban–rural integration development.
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	Town
	Urban–Rural Integration Level Evaluation Revision Score
	Urban–Rural Integration Potential Evaluation Revision Score
	Overall Score
	Ranking





	Xiannvshan Street
	0.380
	0.418
	0.798
	1



	Makou Town
	0.213
	0.410
	0.624
	2



	Xinhe Town
	0.216
	0.354
	0.570
	3



	Chenhu Town
	0.165
	0.278
	0.443
	4



	Ma’an Town
	0.104
	0.304
	0.408
	5



	Chenghuang Town
	0.153
	0.220
	0.373
	6



	Fenshui Town
	0.154
	0.199
	0.353
	7



	Diaodong Street
	0.162
	0.174
	0.336
	8



	Nanhe Town
	0.081
	0.243
	0.324
	9



	Tianerhe Town
	0.097
	0.216
	0.313
	10



	Miaotou Town
	0.128
	0.107
	0.235
	11



	Maiwang Town
	0.118
	0.107
	0.225
	12



	Xinyan Town
	0.073
	0.145
	0.218
	13



	Mahe Town
	0.075
	0.141
	0.216
	14



	Dongzhong Town
	0.083
	0.128
	0.210
	15



	Liujiage Town
	0.093
	0.116
	0.210
	16



	Huilong Town
	0.104
	0.101
	0.205
	17



	Diaochahu Farm
	0.062
	0.138
	0.200
	18



	Huayan Farm
	0.109
	0.081
	0.190
	19



	Xijiang Town
	0.068
	0.122
	0.190
	20



	Yanglingou Town
	0.080
	0.089
	0.169
	21



	Sanxingyuan Rice Farm
	0.102
	0.061
	0.163
	22



	Wantan Town
	0.081
	0.069
	0.150
	23



	Hanji Town
	0.054
	0.090
	0.144
	24



	Zhongzhou Farm
	0.060
	0.079
	0.139
	25



	Litan Town
	0.053
	0.060
	0.113
	26










[image: Table] 





Table 4. Gravity values between 22 towns and four centers.
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	Town
	Xiannvshan Street
	Makou Town
	Chenhu Town
	Xinyan Town





	Xinhe Town
	60.09
	8.79
	1.82
	1.07



	Ma’an Town
	18.77
	49.3
	1.08
	0.6



	Chenghuang Town
	104.19
	19.2
	2.5
	0.83



	Fenshui Town
	7.13
	4.6
	7.84
	1.04



	Diaodong Street
	93.73
	8.74
	1.43
	0.87



	Nanhe Town
	9.66
	37.49
	0.86
	0.37



	Tianerhe Town
	1.85
	1.09
	23.13
	1.91



	Miaotou Town
	38.96
	66.21
	1.05
	0.44



	Maiwang Town
	2.79
	1.46
	25.74
	0.5



	Mahe Town
	3.66
	1.33
	0.4
	0.25



	Dongzhong Town
	1.18
	0.63
	0.79
	3.78



	Liujiage Town
	14.63
	3.04
	0.66
	0.39



	Huilong Town
	1.59
	0.9
	93.73
	0.82



	Diaochahu Farm
	20.38
	4.49
	1.05
	1.34



	Huayan Farm
	12.35
	4.23
	2.34
	1.01



	Xijiang Town
	2.47
	2.65
	0.91
	0.15



	Yanglingou Town
	3.26
	3.27
	0.75
	0.16



	Sanxingyuan Rice Farm
	2.84
	1.33
	3.2
	3.62



	Wantan Town
	5.05
	5.09
	1.81
	0.18



	Hanji Town
	3.23
	1.26
	1.62
	4.54



	Zhongzhou Farm
	1.37
	0.66
	1.7
	5.6



	Litan Town
	1.19
	0.7
	4.67
	1.04
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