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Promoting the sustainable development of cities and unifying ecological, economic, and social benefits are of great significance to the long-term development of the country. Taking the macro level as the starting point, this paper constructs a hierarchical identification model of urban personality advantage characteristics from the perspective of sustainable development. To identify, classify and compare the sustainable urban development models, SPSS was used to analyze the weights of the dominant characteristics of various cities in China. First, according to the identification model, the individual advantages of each city are identified hierarchically; Secondly, all feature weights are clustered, and finally, the sustainable development patterns of different cities are discussed according to the clustering results, and relevant countermeasures are proposed. The comparison shows that each city has its advantages and disadvantages in sustainable development, and these cities have not been able to implement the concept and policies of sustainable development well. Given these problems, this paper recommends grasping the main force, gradually solving and improving the weaker links in sustainable development, and reducing the imbalance in development. In the context of sustainable development strategies, the development of Chinese cities in a virtuous circle is of great significance.
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Introduction

With the increasing urbanization of the world, sustainability is an essential direction for urban development in the world today. The first and most critical stage in promoting sustainable urban development is identifying models for sustainable urban development. The so-called urban sustainable development model is an economic growth model that focuses on long-term development, which measures the status of urban development based on the concept of sustainable development. It is of great theoretical and practical significance to promote the process of sustainable development, encourage sustained and rapid economic growth, achieve comprehensive, coordinated, and sustainable development, and achieve inclusive urban growth.

The strengths and weaknesses of a city are determined by differences in urban characteristics and challenges. The existing urban sustainable development model analysis uses a uniform index weight. It does not examine the model from the perspective of respecting the advantages of individual cities, which inevitably ignores the differences in the advantages and disadvantages of each city, resulting in exclusion between cities. This study studies the sustainable development model of cities from the perspective of individual advantages, based on the guiding ideology most conducive to identifying exemplary behaviors of urban development. The Indicator System for Urban Sustainable Development was established as a means and tool to measure and evaluate the status of sustainable urban development models. In this paper, a clustering algorithm based on individual advantage recognition is used to create an index system for urban sustainable development. The data of 102 prefecture-level cities and 4 municipalities directly under the central government are collected, taking the sustainable development of Chinese cities as the research object. Gain a thorough understanding of China's existing urban sustainability model. Therefore, based on the identification of advantages and disadvantages of the urban sustainable development model. On the one hand, it can identify the advantages and disadvantages of each city, cultivate advantages, and avoid shortcomings, on the other hand, it is conducive to each city to understand the current situation of its sustainable development model, and according to the suggestions given in this article, find the direction of future efforts, and achieve rapid improvement of the level of sustainability.



Literature review

The evaluation of sustainable urban models based on advantage recognition mainly solves two problems: one is how to express the macro values of social groups for a particular characteristic; On the other hand, based on conforming to the macro values of social groups, how to identify the advantages that reflect the most outstanding value of cities, and based on identifying unique advantage gifts, how to analyze and coordinate the development model of urban agglomerations.

As an essential space for sustainable evaluation, urban indicators are based on the dimensions of economy, people's livelihood, resources, consumption, and governance. Due to the wide range of sizes, the indicator system is too complex. The selection of urban sustainable development indicators among the many complex indicators mainly depends on the understanding of the value of the indicators and the mastery of the characteristics of the city. There are two commonly used indicators for evaluating sustainable urban development: single and composite.

Over the past few decades, sustainability metrics have been at the forefront of many political, academic, scientific, and community debates. Beginning with agenda 21's call for sustainable development, the United Nations Commission on Sustainable Development (CSD) published a list of 140 indicators covering the social, economic, environmental, and institutional dimensions of sustainable development (Commission on Sustainable Development, 2001). Sustainability evaluation mainly relies on a single indicator and a comprehensive indicator system. In terms of a single index, traditional indices such as ecological footprint (EF) (Ahmed et al., 2021), ecological sustainability index (ESI), welfare index (WI), environmental vulnerability index (EVI), environmentally adjusted gross domestic product (EDP), sustainable economic welfare index (ISEW), human development index (HDI), urban development index (CDI) (Molinaro et al., 2020), green GDP, national happiness index and other classic indices (Wang and Chen, 2019; Yang et al., 2020) have been widely used. Although the standardization of a single indicator is conducive to comparison and research, it is less flexible and does not reflect the performance of urban development. Therefore, the researchers constructed a composite indicator system to assess sustainable development. The composite index, which is different from a single indicator, that is, the construction of an indicator system, is one of the most used methods for evaluating sustainable urban development. Cappai et al. (2019) established indicators from environmental and socio-economic related components and developed practical sustainability assessment tools. Lowery et al. (2020) considers sustainable development in rural areas and the impact of natural resources on sustainable development, especially in the forestry and fisheries industries, and establishes an assessment index system for sustainable cities. At the same time, scholars at home and abroad have also conducted relevant research on how to evaluate and promote the sustainable development of cities in specific fields. Gunnarsdóttir et al. (2020), Llorca et al. (2020), and Karjalainen and Juhola (2021) explore the sustainable development of cities from the perspective of transport systems, energy sustainability, and land use, respectively.

In short, the evaluation indicators of sustainable cities are diverse, covering all aspects of urban development, such as economic, environmental, social, sustainable infrastructure and policy systems, etc. Still, the comprehensive indicator system easily masks specific sustainable development issues in the evaluation, and the comparability between the indicator systems is weak. Based on satisfying the principle of constructing an indicator system, this paper fully considers the development connotation of sustainable cities. It comprehensively weighs the interrelationship between various indicators, including whether they are duplicated, poor correlation, and whether the indicators are suitable for all cities in China. Therefore, the indicator system constructed in this paper can provide a guiding idea for sustainable research involving many cities.



Indicators and methods of urban sustainable development evaluation


Indicator system

Although the evaluation index system for sustainable cities is gradually developing, how the indicator system can scientifically evaluate different types of cities, how to improve the flexibility and stability of the indicator system still need to be studied.

Based on evaluating a wide range of regions across the country, a set of scientific, fair, and in line with the concept of sustainable urban development is established from five dimensions: economic development, social and people's livelihood, resources, environment, and policies. The economy is the premise of the inclusive development of a city, and it is also a necessary premise of urban development. Considering the degree of urban economic development, industrial structure, and urban openness to the outside world, to make urban development more inclusive, this paper selects indicators such as per capita GDP (yuan), the proportion of tertiary industry (%), and science and technology expenditure (10,000 yuan); The comprehensive content of urban development involves the basic life of urban residents, education, medical care, environment, health employment, safety, and other aspects, of which the supply of water and electricity is one of the most basic living conditions of residents, so the total amount of water resources (10,000 cubic meters), gas household consumption (10,000 cubic meters), and the total amount of gas supply (10,000 cubic meters) are selected to measure the basic living conditions of residents; For higher education investment, everyone can enjoy a higher level of development platform, and it is also an important part of urban development and social progress. Therefore, the expenditure on education (10,000 yuan), the number of college students per 10,000 people (people), and the collection of books in public libraries (10,000 volumes) are selected as indicators to measure the development of education; The level of medical services reflects the socio-economic development of a city from the side, but also reflects the ability of the city to provide medical services for residents, so the number of hospitals, health centers (persons) and the number of practicing or assistant physicians (persons) are selected; The premise of sustainable development is the harmonious coexistence of man and nature, emphasizing that the ecological environment and human settlement environment can bring comfort to the residents' lives, so this paper selects the green coverage area of the built-up area (hectares), the proportion of urban construction land in the municipal area (%), the park green area (hectares), the urban construction land area (square kilometers) and the comprehensive utilization rate of general solid waste (%) to reflect the urban ecological environment, and selects industrial sulfur dioxide emissions (tons), industrial soot dust emissions (tons), The centralized treatment rate of sewage treatment plants (%) and the harmless treatment rate of domestic waste (%) reflect the urban living environment; To a certain extent, the unemployment rate also reflects the happiness of residents, so the number of registered unemployed people (people) in cities and towns is selected to reflect the employment of the labor force; The sharing of development results reflects the living conditions that the results of the urban development process can provide to people, that is, residents can enjoy the social environment brought about by the sustainable development of the city, so the number of urban workers' basic old-age insurance participants (people), the number of urban workers' unemployment insurance (people) and the number of urban workers' basic medical insurance participants (people) are selected to reflect the social environment. Each evaluation index is a key element in forming a sustainable city, and the “inclusive” and “sustainable” level of economic growth of 106 cities at the prefecture level and above in China is more comprehensively and objectively revealed through the indicator system. Therefore, the selection of indicators is related to the evaluation results, so when selecting indicators, comprehensive trade-offs are required. In this case, under the conditions of existing data collection techniques, people build indicator systems based on the logical analysis of the purpose factors, and use the information that can be collected to express the level of the purpose variables that people care about but cannot be directly obtained from multiple aspects.

With the continuous improvement of the analysis method of “structural equations,” people can not only quickly establish an indicator system that expresses the characteristics of things, but also ensure the “independence” between the same indicators in the established indicator system. Features consist of a series of complex hierarchical events, and low-level attributes tend to have observable features, gradually forming higher-level abstract qualities. In general, characteristics are expressed through a system of indicators. The hierarchy of the indicator system is essential for feature recognition, bridging the gap between the underlying behavioral metric data that can be easily obtained through observation and other means and the unobservable advanced behavior that is expected to be understood. To ensure the universality of the index system in terms of structure, this paper studies the indicator system with a multi-layer design, such as the three-layer structure (Figure 1).
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FIGURE 1. Urban sustainable development evaluation index system.




Evaluation methodology

A complete sustainability evaluation process includes, in addition to the construction of the indicator system, the determination of evaluation criteria, data processing, indicator weights are given, and the selection of evaluation methods. The methods and tools for assessing sustainability are rich, specific, and diverse, and can be divided into two categories, subjective and objective, according to the different ways of assigning weights to indicators; subjective methods mainly include the Delphi method, hierarchical analysis (Lee and Xue, 2021), fuzzy optimization method (Han and Ruan, 2003), fuzzy cluster analysis method, etc., and objective methods mainly include entropy value method, principal component analysis (Liu et al., 2020), etc. The hierarchical analysis method is more subjective and not easy to be convincing. The fuzzy comprehensive evaluation method is complicated to calculate, and when the index set is too large, the phenomenon of super fuzzy will occur, causing the evaluation failure. Considering the multi-objectives of the urban sustainable development evaluation index system and the accuracy of the evaluation results, this paper adopts the SPSS clustering method based on identifying strengths and weaknesses. It focuses on 14 modules, such as innovation drive, structure optimization, education and culture, social security, health, land resources, total water resources, energy consumption, and wastewater utilization, etc. It involves urban areas' “economic development,” “people's livelihood,” “resources and environment,” and “sustainable development.” It covers five aspects: “economic development,” “people's livelihood,” “resources and environment,” “energy consumption and emission,” and “governance and protection.” It not only improves the content of the evaluation system, but also analyzes the sustainable development model of Chinese cities.

Based on the data of n groups of indicators, the advantageous characteristics of each city in each n group in the highest level evaluation indicators and each intermediate level evaluation indicator are obtained, respectively. Cluster analysis is conducted with each indicator as a criterion to identify the advantages of each city under different indicators, to classify them, and to make a specific analysis of different development patterns of urban clusters. Each cluster point represents a favorable characteristic of a city cluster. If there are more cities belonging to a specific pattern, the development pattern reflected by the cluster point is the dominant pattern. Reflecting the common issue of cities, the adjustment or guidance strategy is targeted according to its actual connotation. Among them, the key to achieving advantage identification is to build a mathematical model that can identify individual advantageous characteristics.

(1) Based on the ith city, the model to identify the advantageous characteristics of the pk grassroots indicators of each city from the perspective of the kth indicator of the middle level is:

[image: image]

Where:

[image: image] denotes the outstanding value of the jth grassroots indicator under the kth subindex of the intermediate layer. It is also necessary to standardize the obtained data again to ensure the authenticity of the group identification results.

xikj denotes the evaluation value of the jth grassroots indicator of the ith city under the kth subindex of the middle layer.

wikj denotes the weight of xikj, and its optimal solution wikj is the dominant characteristic of the city's grassroots indicators obtained from the perspective of the kth indicator in the middle layer based on the ith city according to the optimization method.

Based on the Kuhn-Tucher principle, the optimal solution of model (1) is: (a) when there exists a component of the indicator of the ith city that reaches the ideal value, the weight of the indicator corresponding to the component that reaches the ideal value sums to 1, and the weight of the indicator that does not reach the ideal value is 0; (b) when the value of the indicator of the ith group of cities does not reach the ideal value, the weights are:

[image: image]

(2) Cluster analysis

The k-means algorithm takes k as a parameter. It divides n objects into k clusters so there is a high degree of similarity within clusters and a low degree of similarity between clusters. k-means algorithm is processed as follows: first, k objects are randomly selected, each object initially representing the mean or center of a cluster; for each remaining object, it is assigned to the nearest cluster according to its distance from the center of each cluster. The mean of each cluster is then recalculated. This process is repeated until the criterion function converges. Usually, a squared error criterion is used, which is defined as follows.

[image: image]

Here E is the sum of the squared errors of all objects in the database, and p is the point in space, [image: image] is the average of the clusters xikj. This objective function makes the generated clusters as compact and independent as possible, and the distance metric used is the Euclidean distance.




Application example—An empirical study of sustainable city model identification in China


Evaluation index system

In this paper, 102 prefecture-level cities and 4 municipalities directly under the central government in mainland China are used as sample data. The evaluation index system draws on the research results of previous literature and contains a total of 26 specific evaluation indicators, as shown in Table 1.


Table 1. Urban sustainable development evaluation index system.

[image: Table 1]



Research on the sustainable development of Chinese cities based on the analysis of individual advantage characteristics

In this paper, the innovation index data of 31 regions in China in 2015 were selected for analysis. The data were obtained from the 2015 and 2016 China Statistical Yearbook, China City Statistical Yearbook, and “China Science and Technology Paper Statistical Analysis Database.”

The standardized data of each region are used to calculate the weight values of individual advantageous characteristics by Formulas (1) and (2), and a total of 106 sets of weight vectors can be obtained. The results are shown in Tables 2, 3. By analyzing the weight coefficients, it can be found that when a region has individual advantageous characteristics in a specific indicator, the weight value of that indicator will also be more significant. In contrast the weight values of other indicators are smaller, which indicates that the analysis of individual advantageous characteristics can suggests that the individual advantageous characteristics of the evaluated area can be fully reflected through individual advantageous characteristics analysis. Then, 106 sets of weight vectors are clustered by k-means clustering. Finally, the 106 cities were divided into five categories.


Table 2. Top-level weight vectors (some cities).

[image: Table 2]


Table 3. Intermediate layer weight vectors (some cities).
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Analysis of urban sustainable development patterns

The cluster analysis of sustainable urban development evaluation is to facilitate the identification of the advantages and disadvantages of sustainable urban development, to analyze and coordinate the development model of urban agglomerations. Based on the clustering analysis results of the sustainable development level of the sample cities, the 106 cities were divided into 5 categories according to the top index weights, and the clustering results are listed in Table 4.


Table 4. City clustering results.

[image: Table 4]

Through the top-level indicators: economic development, social and livelihood, resources and environment, consumption and emission, and governance and protection, 106 cities' advantageous characteristics were clustered and analyzed to obtain five categories of urban sustainable development patterns. Top-level clustering results are shown in Table 5. The proportion of cities in each category to the total sample size was used to judge whether they were mainstream models. Since the calculation process of advantage identification is carried out from the perspective of the most favorable group performance, the advantages analyzed should continue to be carried forward. At the same time, the disadvantages identified should be given sufficient attention.


Table 5. Top-level clustering results.
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Analysis of results

(1) Comprehensive development content type: 11 cities were classified as Category C. They have better economic growth and resources and environment, and also have weaker advantages in terms of social livelihood and consumption emissions. They can provide urban residents with better quality production and living conditions in all of the above aspects, and their inclusive development is more comprehensive, with balanced and steady progress in all aspects. However, this group of cities has to a certain extent, damaged the environment and neglected to develop economic governance and protection. To achieve sustainable development in the future, these cities need to strengthen the construction of ecological civilization.

(2) Economic development: Category B cities (including Guangzhou and Liupanshui) are very strong in economic development, but have relatively environmental severe problems. They can improve the quality of sustainable living by improving municipal infrastructure construction, improving residents' lifestyles, upgrading road systems, etc. And vigorously building a green urban environment to promote sustainable urban construction.

(3) Shared development results: According to Table 4, 84.9% of cities have adopted the D-city sustainable development model, indicating that most cities focus on environmental management and protection in the process of economic development, but lack advantages in economic development, social livelihood, resources and environment, consumption and emissions. This group of cities has a relatively good ecological environment. It can promote sustainable city building by advocating for residents to engage in low-carbon living and consumption, changing their lifestyles, improving the efficiency of living resources use, increasing energy-saving facilities such as energy-efficient buildings and green transport systems, and focusing on future development potential. Class A cities (including Chongqing and Lanzhou) have advantages in terms of social livelihood and, consumption and emissions, high quality of education. The city has a good infrastructure, an increased wellbeing index, and a robust industrial economy, all of which contribute to a very inclusive city. Good social welfare and a more inclusive city will significantly enhance the city's attractiveness, speeding up the concentration of rural people in the city and attracting quality foreign businesses, ultimately contributing to the sustainable urban development of society as a whole. This group of cities can promote sustainable city building by adjusting their industrial structure, increasing the proportion of tertiary and high-tech industries, and expanding cooperation with the outside world. While Class E cities (including only Qinhuangdao) have done more in terms of consumption emissions and governance protection, they can improve the quality of sustainable production and carry out sustainable urban transformation by optimizing their industrial structure, and improving energy efficiency, etc. They should also enhance the construction of municipal infrastructure and enhance the quality of life in human settlements. Although all 3 categories of cities belong to the development results sharing type, they show different development results, with the development results of Class A cities. The development outcomes of Class A cities are reflected in the social and livelihood aspects, while cities D and E have advantages in environmental management and protection. But city E also focuses more on the management of consumption and emissions.

Overall, these types of cities did not develop in a balanced manner. The strengths and weaknesses of each city were obtained by assessing the level of sustainability of the 106 case cities. The results show that most cities have strengths in environmental management, but economic development and social livelihoods need to be improved, but some cities have developed better in terms of economic growth, but have relatively environmental severe problems, indicating that the varying level of sustainable development in China's cities is severe, and that efforts are still needed to achieve comprehensive sustainable city building based on their strengths. In the future, it is necessary to pay equal attention to many aspects, starting with crucial construction and gradually improving many elements to develop in the long term.




Clustering analysis of intermediate layer indicator weights

The results of the weighted clustering of the intermediate-level indicators for each city are shown in Table 6.


Table 6. City clustering results.
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Cluster analysis of 106 cities' dominant characteristics from intermediate level indicators was performed, and cities were clustered from more detailed indicators to obtain urban sustainable development patterns in the same five categories (shown in Table 7).


Table 7. Intermediate layer clustering results.
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Analysis of results

(1) Comprehensive development content type: the strengths of each city were identified based on intermediate indicators. The evaluation results show that 21.6% of the cities have adopted the Development Balance Type C development model. This shows that most cities have balanced and healthy development, providing a better quality of life for city residents in all aspects, with flat and steady progress in all areas. The economic gap between cities in this category is small. However, there is still room for further improvement in the economy, and in recent years there has been a severe loss of population due to the attraction of large cities. This category of cities should optimize their industrial structure, improve investment in sustainable development and infrastructure growth, and at the same time promote economic development.

(2) Economic development type: Innovation-driven cities (including Beijing and Zhangjiajie) is ranked first in innovation drive, structural optimization and health. The reasons for this are that Beijing and Zhangjiajie place more emphasis on science and technology in their urban development, with a higher proportion of scientific expenditure in GDP, relatively slow economic growth, balanced development of social life and harmless treatment of domestic waste. Innovation-driven cities in terms of sustainable development should enhance and improve urban functions, maximize the value of revealed land, vigorously develop green transport and improve the efficiency of energy use. Category B cities (including Shanghai and Shenzhen), which have powerful economic growth and rank among the top cities in China in terms of economic growth and urban employment, have strong correlations between spatial differences in economic development indicators and development opportunities and resource use. Areas with high levels of economic development have better public and infrastructure development and more efficient resource use. And such cities rank first in terms of social security and waste disposal, with social security also an essential factor in attracting population inflows.

(3) Shared development results: 73.5% of the cities adopt the environment-friendly category D development model. Both category D and C cities have advantages in terms of social livelihood and governance protection. In terms of governance and security, category C deals with the extensive use of general industrial solid waste, while category D is relatively good in harmless domestic waste. These two categories of cities have an excellent ecological environment and abundant natural resources, but still, need to optimize further Category E cities (Wuhan only) have good economic development and a strong focus on education and culture in terms of social livelihoods. Regarding resources and environment, category E is the only category in which water resources are excellent to land resources, and the environmentally sound treatment of domestic waste is superior to sewage treatment and the integrated use of solid waste in general. Residents of cities in this category can enjoy the fruits of an advanced optimization of the social, economic and human environment as a result of sustainable urban development.

In general, these cities, through a more detailed classification, lack a balanced development at interregional and intra-city levels, with different “urban diseases” in other cities. To achieve a high quality and sustainable development, it is recommended that seize the main strengths, lay out complementary advantages, and that other dimensions are gradually improved to reduce development imbalances, and promote the integration of multiple development aspects.





Conclusion

This paper takes the sustainable development of Chinese cities as the research object. It uses the urban sustainable development indicator system to give impetus to the evaluation indicators of the sustainable development of each city. By improving the traditional method and using a clustering algorithm based on identifying strengths and weaknesses, this paper obtains the strengths and weaknesses of each city by assessing the sustainability level of 106 case cities, explores the existing urban sustainable development models, and gives corresponding countermeasure suggestions.

The analysis of urban sustainable development models based on the identification of strengths and weaknesses not only provides information on the strengths and characteristics of the sustainable development of each city in the region, helping each city to clarify its development position and development direction, but also the current situation of the sustainable development level of each city in the region. The varying level of sustainable development in China's cities is severe, and there is still work to be done to achieve a sustainable comprehensive city. However, due to the limitations of our knowledge and research capabilities, the complete evaluation method proposed in this paper is based on the established evaluation indicators, so the completeness and scientificity of the evaluation indicator system will directly affect the reasonableness of the evaluation results.
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