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Abstract

:

Amidst the mounting global challenges associated with climate change and resource depletion, achieving sustainable development is paramount. Focusing on cities as vital scenarios for pursuing sustainability, this research measured urban sustainability and identified its obstacles. Employing the DPSIR (Driver–Pressure–State–Impact–Response) framework, we establish a metric system with 25 indicators to assess the urban sustainability of six innovation zones in China and identify their developmental impediments to sustainability with an obstacle model. The core findings of the study are as follows: First, over the five-year period, all six cities demonstrated a consistent increase in their urban sustainability levels except for Shenzhen, which experienced a decline from its top position among these cities due to a decrease in its score from 0.44296 to 0.36942 in 2017. Second, there was consistent urban sustainability progress in five cities, with the exception of Shenzhen, from 2016 to 2020. Third, inadequate government response emerges as a primary obstacle across all six cities, marked by shortcomings in public expenditure, R&D investment, and healthcare. Every year, all six cities experienced more than 60% obstacle degrees in terms of response, with the exception of Shenzhen in 2016. The urban sustainability pursuit model we developed bridges urban sustainability theory with practical interventions, promoting adaptive governance. In addition, this study provides scholars and policymakers with a comprehensive approach to gauging urban sustainability, recognizing obstacles, and designing strategies for a sustainable urban future.
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1. Introduction


The concept of sustainable development has become increasingly crucial in the present era, as it encompasses not only environmental, economic, and social issues but also impacts human survival [1]. In this context, science needs to serve politics and meet the demands of governments and multiple stakeholders, as they face the challenge of achieving sustainable development [2]. Today, addressing various sustainability challenges in urban areas is key to achieving sustainable development for the entire planet, particularly with increasing urbanization [3]. The planning and construction of urban sustainable development with various themes are among the decisions made in response to the United Nations 2030 Agenda for Sustainable Development [4] and China’s implementation of the 2030 Agenda for Sustainable Development innovation demonstration zones [5]. Urban sustainability, a dynamic process of comprehensiveness, integration, and globalization, requires cooperation between different departments and coordination in various developmental components [6]. The majority of urbanization will occur in developing countries, which have greater developmental potential. Thus, this paper aims to consider the interactions of different components of urban sustainability and explore the key obstacles to cities with various developmental themes in China—the largest developing country.



Urban sustainable development is a complex and integrated concept that emphasizes the process of development and focuses on conditions and states of sustainability. Accordingly, the level of urban sustainability cannot be simply measured by a single indicator but requires the construction of a multidimensional system of indicators for its comprehensive assessment. The DPSIR (Driver–Pressure–State–Impact–Response) model is a model that is based on causal organizational information and related indices and has been widely used in policymaking and research. This model combines the characteristics of DSR (“Driver–State–Response”) and PSR, which can effectively reflect the causal relationship of the system and integrate the elements of resources, development, the environment, and human health. Therefore, it is a suitable method for evaluating urban sustainable development.



The research process of urban sustainable development is mainly embodied in measuring sustainability levels, identifying developmental obstacle factors, and proposing strategies to solve problems and break obstacles. As shown in Figure 1, we collected developmental data from six different cities in China, established a DPSIR framework for the six cities, and utilized the entropy weight method to measure the urban sustainability of the six cities with various developmental themes. Furthermore, we identified the obstacle factors in the process of pursuing the urban sustainability of the six cities under the DPSIR framework. After discussing the possible causes of the obstacles, we finally propose practicable recommendations for policymakers, urban administrators, and the public. On the basis of China’s practices, this study aims to enrich and expand the assessment of the level of sustainable development of cities and to compensate for the shortcomings of the current research.




2. Literature Review


2.1. Sustainable Cities


Sustainable cities are defined by UN-Habitat as cities that have achieved sustainability in social and economic development, relying on the sustainable supply of natural resources [7]. Pursuing sustainable urban development involves political decision-making at the local, regional, and national levels to create and promote a balanced system because urban sustainability is a multidimensional concept that includes the environment, economy, and society [8]. With the continuous progress of global urbanization, urban sustainability has gradually played an important role in social development and occupies a central position in the fields of science and policy [9]. Germany has been at the forefront of sustainable urban development in Europe. The city of Kiel was the first city in Germany to be certified as a zero-waste city. It aims to reduce waste by 15 percent per capita per year by 2035 while reducing the amount of residual waste by 50 percent. The city of Flanders in Belgium has now achieved a 70% recycling rate. Remarkably, since a 60% recycling rate was achieved in 2000, the population, economy, and recycling rate have increased in tandem, indicating that economic growth does not necessarily lead to more waste.



Furthermore, different cities are developing under various scenarios, and corresponding themes of sustainable development need to be followed. Global climatic change intensifies specific challenges in water resource management by contributing to uncertainty. Water is a significant resource for urban socioeconomic growth, and the protection of healthy environments and their proper control can reduce poverty and equity [10]. Thus, sustainable water resource management is an essential process for cities within the developmental theme of water conservation and utilization to ensure urban sustainability. Socioeconomic development and urbanization greatly modify landscape patterns and their associated ecological processes at regional scales, resulting in serious landscape ecological risk [11]. Additionally, high-density human activities have rapidly changed urban land utilization, affecting the supply of urban ecosystem services and posing a challenge to the balance of urban development and ecological protection, which may be more serious in ecologically fragile cities [12]. The green transformation has become an epoch-making demand for cities to overcome developmental obstacles [13], especially in terms of how urban transformation can be operationalized for economic development under economic strain under the assumption of an emergency such as the grand challenge of COVID-19 [14]. Innovation offers a sound solution to the dilemma of urban green development and is crucial for mitigating the detrimental effects on natural resources and the environment to transition to sustainable urban development [15]. Internet development and industrial synergy have positive impacts on urban innovation, which can increase total factor productivity and promote economic development [16]. In addition, the digital economy can support an advanced and rational industrial structure, facilitate the green transformation of cities, and positively affect changes in urban production, living, and ecological space [17].



With urbanization expected to cover more than 60% of the global population by 2030, cities will need a new perspective to understand these challenges and propose better policies [18]. Metropolitan areas around the world are working to upgrade urban infrastructure and public services to create better social, economic, and environmental conditions, as well as enhance attractiveness and competitiveness [19].




2.2. Measuring Urban Sustainability


Urban sustainability standards provide necessary guidance for relevant practitioners and government agencies. National standards can help residents determine whether they are living in a sustainable city and thus influence their behavior. However, there is a lack of such national standards and assessment tools, which affects the assessment and implementation of sustainable urban development. The attainment of a consensus on the definition, measurement, and assessment of urban sustainability continues to elude the scholarly community. The evaluative domain of urban sustainability has predominantly been occupied by endeavors aimed at crafting comprehensive indicator frameworks and devising methodologies to gauge the performance of urban sustainability. Informed and inspired by the Triple Bottom Line (TBL) framework, which elucidates sustainability dynamics [20], a diverse array of indicator systems has emerged, spanning the triptych of economic, social, and environmental dimensions. These frameworks have been adroitly harnessed to decipher the complex tapestry of urban contexts.



For the proposal of methods or tools underpinning urban sustainability assessment, existing studies can be divided into quantitative- and qualitative-based research. Among the quantitative methods, multiattribute decision-making (MADM) is a widely adopted modeling technique that has been adopted in Canadian, Iraqi [21], Chinese [22], and Pakistani [23] urban areas. Other quantitative methods include the deviation maximization method to evaluate the TBL sustainability of cities, the analysis of panel data for ecosystem service values and sustainability performance in coastal cities, and the weighted least squares method to estimate industrial SO2 emissions in cities experiencing rapid socioeconomic development [24]. From a qualitative perspective, the DPSIR conceptual framework was adapted to evaluate low-carbon initiatives from global cities that reduce greenhouse gas emissions. Other methods, such as case studies [25], interview surveys, and empirical policy analyses [18], have also been adopted in urban sustainability assessments. The DPSIR model is capable of quantifying and analyzing the impact of social and economic development on the environment in the process of human development while reflecting the counteracting effects of the natural environment on society caused by human activities. This model is not only suitable for analyzing and evaluating environmental problems but can also provide a scientific basis for policymakers to formulate effective strategies for environmental protection and sustainable development. It provides a powerful tool for understanding and solving complex environmental problems through its comprehensive perspective and analytical ability and is an important analytical model in the fields of the environment and sustainable development.



The corpus of antecedent studies has engendered an eclectic array of avenues designed to provide insights into the realm of urban sustainability, bearing the imprimatur of cogent decision-making and policy formulation to navigate the labyrinthine corridors of urban planning. However, a knowledge gap remains, precipitated by the paucity of studies holistically identifying obstacle factors that encumber the realization of urban sustainability across multifarious dimensions. The unequivocal identification of these cardinal obstacle factors stands as a sine qua non. A model guiding cities to pursue sustainability in a dynamic balance within a feedback mechanism can be developed on the basis of measuring urban sustainability and identifying obstacles.





3. Materials and Methods


3.1. Study Areas


To play a leading role in solving the main social contradictions in the new era and providing the Chinese experience for global urban sustainability, China proposed establishing a series of innovation demonstration zones. These cities are highly representative of economic development, industrial transformation, and ecotourism. They are representative of promoting sustainable development and can provide a model and reference for other regions. The construction of these demonstration zones is aimed at achieving a civilized development path of productive development, affluent living, and ecological well-being through innovative leadership. Through the practice of demonstration zones, a number of replicable and scalable experiences can be formed, thereby promoting a nationwide sustainable development process. The innovation demonstration zones with various urban developmental themes explore systematic solutions to sustainable development issues, with a focus on promoting the integration of scientific and technological innovation and social development.



From 2018 to 2022, China’s State Council officially approved 11 cities as innovation demonstration zones for the national sustainable development agenda. They were selected with a specific theme, which is related to their regional characteristics. Further details about the themes and the specific dates of their establishment are shown in Table 1. Considering the availability of data and the sufficiency of the observation period, the first six cities approved in 2018 and 2019 were used as case studies. Thus, the study areas in this research include Taiyuan, Guilin, Shenzhen, Chenzhou, Lincang, and Chengde.




3.2. Indicator Selection for the DPSIR Framework


In the last century, the Organization of Economic Cooperation and Development developed the PSR (Pressure–State–Response) framework, and the European Environment Agency soon expanded it into the DPSIR (Driver–Pressure–State–Impact–Response) framework [26]. The DPSIR framework combines socioeconomic and environmental systems [27], adapting to the management of complex systems of urban development.



As shown in Figure 2, five components interact with each other and complete the DPSIR framework. In addition, we comprehensively consider the specific features of each component in the DPSIR framework and the availability of data and then select 25 indicators from the literature. Specifically, “D” represents major socioeconomic development and eco-environmental evolution in cities and the corresponding changes in lifestyles, production patterns, and overall levels of consumption [27,28]. Accordingly, the drivers considered in this study encompass legal entities [29], primary industry, GDP [30], land yield, foreign investment, and labor productivity [31]. “P” signifies direct and indirect stresses from human activities, including the release of substances (emissions), physical and biological agents, the use of resources, and the use of land [28,32]. Most pressures can create negative connotations concerning urban sustainability, such as household waste [33], industrial solid waste [30], and population [34]. “S” reflects the current biological phenomena, chemical phenomena, and physical phenomena of an urban system [28,32]. Thus, the internet, road network [30], medical insurance [35], green coverage, and green area consist of the state component [36]. “I” represents positive and negative influences or adaptations on urban systems [28,32]. These can be measured by secondary industry, tertiary industry [37], and unemployment [38]. “R” is defined as strategized actions or policies taken by urban governments, organizations, and the public to bring feedback and improvements, including adjustments of the drivers, mitigations to the pressures, restorations for the state, and alleviations to the impacts [28,32]. Thus, response approaches include health facilities, finance budget expenditures [30], industrial solid waste utilization, sewage treatment [37], household waste treatment [39], beds in medical institutions [31], R&D (research and development) internal expenditures, and R&D personnel input [40].



The above indicators are selected for the following reasons. First, unlike Western civilization-oriented modernization and urbanization, they are suitable for measuring urban sustainability in the Chinese context. Second, we have enriched and expanded even further on the basis of previous studies. Our selected indicators cover governance, economy, society, environment, healthcare, and education, which are able to measure the sustainable development capability of cities in an all-round way. Moreover, they are highly targeted, and each line of indicators has its clear corresponding theme of real social development. In addition, indicators based on the DPSIR model involve interacting subsystems, which can comprehensively measure dynamic urban sustainability, and it is possible to account more accurately for specific obstacles to sustainable urban development. The indicator system can also be applied to cities outside the scope of the experimental study, which will further enhance the universality and popularization of the indicator framework. Based on the actual situation in China, we refer to and draw on the findings of our predecessors, constructing a comprehensive and diversified indicator system framework. Further details about the measurements, units, and properties of these indicators are shown in Table 2.




3.3. Data Collection and Processing


The data sources include the China Urban Statistical Yearbook, China Environment Statistics Yearbook, Statistical Bulletins of Cities, Statistical Yearbook of the Provinces, and China Torch Statistical Yearbook. We chose the statistics from 2016 to 2020 and considered these five years as the observation period since the approved dates of our study areas all focused on 2018 and 2019. Thus, the results of our research can reveal the developmental situations of the six cities before and after the policy was implemented to establish innovation demonstration zones. Furthermore, to show more clearly the differences before and after the implementation of the policy, we have extended the time frame by analyzing the situation of the indicator’s barrier degree from 2011 to 2015 as a complement to enriching the results of the experiment.



The dimensions of the coefficients are not comparable because of the complex types of urban sustainability indicators used in the evaluation process. Thus, we use the maximum difference normalization method to standardize the data and eliminate the dimension impact caused by different ranges and units of indicators. The specific processing can differ slightly between positive indicators and negative indicators. The P values are subsequently calculated for the entropy weight method. Finally, we use the entropy weight for each indicator to calculate the score of different cities in each year. As shown in Formulas (1) and (2), the specific processing can differ slightly between positive indicators and negative indicators.
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where i represents a specific indicator; t represents the date of the year; x represents the original indicator value;     X   i t   +     represents the normalized value for indicators with positive properties; and     X   i t   −     represents negative indicators.



Then, the P values are calculated for the entropy weight method as:


    P   i t   =      X   i t       ∑  t = 1   m      X   i t         



(3)




where P represents the P value and m represents the total number of years.



Next, the entropy value for each indicator is calculated as:


    e   i   = −      ∑  t = 1   m      P   i t     ×   ln       P   i t         ln     n       



(4)




where e represents the entropy value and n represents the total number of indicators.



Then, the weight of every indicator can be determined as:


    W   i   =    1 −   e   i       ∑  i = 1   n    ( 1 −   e   i   )       



(5)




where Wi is the entropy weight of a component in the DPSIR framework.



Finally, we use the entropy weight for each indicator to calculate the score of different cities in each year. The specific formula is shown in (6):


    S   t   =   ∑  i = 1   n      W   i   ∗   X   i t      



(6)







On the basis of the results of the entropy weights of the indicators, the obstacle degree of each indicator and component can be calculated via the following formula:


    O   i   =      W   c     E   i     ( 1 − X   i t   )     ∑  i = 1   n      W   c     E   i     ( 1 − X   i t   )       



(7)




where Oi is the obstacle degree of each indicator and the obstacle degree of a component is the sum of the obstacle degree of each indicator.





4. Results


4.1. Urban Sustainability Measurement


The entropy weights for each indicator are presented in Table 3, revealing that the indicators within the driver and pressure components exhibit lower weights than those within the state, impact, and response components. Furthermore, Table 4 displays the urban sustainability scores of cities annually, while Figure 3 illustrates their visual urban sustainability levels from 2016 to 2020. Over this five-year period, all six cities demonstrated a consistent increase in their urban sustainability levels except for Shenzhen, which experienced a decline from its top position among these cities due to a decrease in its score from 0.44296 to 0.36942 in 2017. Despite some subsequent efforts, Shenzhen’s current urban sustainability level ranks fourth among the study areas and was even inferior to its own level in 2016. In contrast, Guilin maintained the top 1 urban sustainability level from 2018 to 2020 by continuing inputs in urban development. Although it slightly decreased in 2019, Guilin still maintained a higher urban sustainability level in 2020 than it did from 2016 to 2018. Shenzhen, as a coastal innovative city, represents a relatively high level of China’s reform and opening up plan. It focuses on the relative lack of resource and environmental carrying capacity and social governance support. By integrating various types of innovative resources and deepening mechanism reforms, Shenzhen explored effective models that can be implemented, replicated, and popularized to demonstrate the sustainable development of megacities. Guilin has always been famous for its favorable ecological environment and for addressing how to turn ecological resources into development advantages. Therefore, this study focuses on issues such as ecological restoration and environmental protection in karstic and rocky desertification areas, examining the effects on the realization of sustainable development in the multiethnic and ecologically fragile regions of central and western China.



In addition, to show more clearly the development trend of the sustainable development level of cities, we extended the time range of the study by calculating the sustainable development level of six cities from 2011 to 2015, and the results are shown in Figure 4. The results show that the fluctuation in the sustainable development level of cities between 2011 and 2015 was greater and that development was more unstable.




4.2. Obstacles to Urban Sustainability


The obstacle components and indicators in various cities each year are different, and the specific visual obstacle degrees of the components and indicators for each city from 2016 to 2020 are shown in Figure 5 and Figure 6, respectively.



Overall, the key obstacle component is the response. All six cities every year experienced more than 60% obstacle degrees in terms of response, with the exception of Shenzhen, in 2016. In addition, although the performance of various cities can differ slightly in some aspects, the component with the greatest contribution to the state contributes approximately 20% of the obstacle degree, and the component with the greatest contribution to the impact contributes approximately 10% of the obstacle degree. The other components, including drivers and pressure, contribute little to the obstacles to urban sustainability. Notably, the obstacle degree contributions of each component did not fluctuate much over the five-year observation period, all within 10%. Delving deeper, there are similar trends in the obstacle indicators of various cities. All the study areas (except Guilin) experienced relatively high obstacle degrees in terms of the two indicators of finance budget expenditures (R4) and R&D internal expenditures (R7), each of which contributed 10%~20% of the obstacle degrees each year. Furthermore, the obstacle degree contributions of these two indicators increased over time during the observation period. Unlike other cities in the study area, Guilin, with respect to urban sustainability, scored in the top 1 from 2018 to 2020, identifying the key obstacle indicators in health facilities (R1) and beds in medical institutions (R6). These findings indicate that the main problem in the urban sustainability of Lincang, Taiyaun, Chengde, Shenzhen, and Chenzhou is expenditures from governments and other organizations, whereas the main sustainable developmental problem of Guilin is healthcare. In addition to the problem of expenditures faced by almost all cities, Taiyuan’s shortage of health facilities (R1) was not released until 2019, but in the same year, the obstacle to the utilization of industrial solid waste (R2) began to increase. The industrial solid waste utilization (R2) in Chenzhou was also in the same predicament as that in Taiyuan and was even more serious because of the doubling of the obstacle degree during the five years. Furthermore, although the obstacle degree of R&D personnel input (R8) in Shenzhen tended to decrease during the observation period, it was still relatively high (8–12%). Sewage treatment (R5) has made impressive progress in Lincang since 2017, and its degree of obstacles reached nearly 2% in 2020 from over 10% in 2016. However, the obstacle degrees of health facilities (R1) and R&D personnel input (R8) in Lincang were high (over 10%) initially in 2016 and tended to continuously increase, as did the obstacle degrees of industrial solid waste utilization (R2) and R&D personnel input (R8) in Chengde. Notably, the urban sustainability level top 1, Guilin, also had a problem with R&D personnel input (R8), similarly to Shenzhen, Lincang, and Chengde. Although the obstacle degree of R&D personnel input continuously decreased during the five years, it was still greater than 10%. In addition, medical insurance (S4) suddenly became an impressive obstacle indicator in Guilin since 2018, and its obstacle degree was close to 10% in 2020.



To enrich the comprehensiveness of the study, we extended the time frame of the study by analyzing the situation of the indicator barrier degree from 2011 to 2015. The results of the study are shown in Figure 7. The results indicate that the overall value of the indicator barrier degree of each dimension was high between 2011 and 2015. Among them, the driver dimension has the largest gap in indicator barriers compared with the post-policy implementation period, whereas the response dimension has a similar trend in indicator barriers as the year of policy implementation.





5. Discussion


Because the developmental background included the same cultural atmosphere, economic system, and policy support in pursuing urban sustainability, the study areas of six cities represented similar developmental trends during the five years. In addition, because of the different developmental themes, there are a few different details in the results of urban sustainability measurement and obstacle factor identification. Thus, these results provide wider implications for other cities.



R&D investment (either in personnel or money) is the most crucial factor that can shape the process of urban sustainable development, and the obstacle factor results of every city have proven that. In many countries worldwide, R&D investment plays a vital role in sustainable economic growth because it may ultimately result in sustainable corporate growth by generating future benefits [43]. An estimate of Korea indicates that R&D investment affects GDP and employment through the path of labor productivity and export weight. The government’s R&D investment should be envisioned as complementing the public and the private sector [44]. Additionally, R&D investment in sustainable green technology can assist in creating a sustainable society by simultaneously promoting economic development and environmental protection [41]. Sustainable innovation is an important factor for enterprises to achieve core competitiveness in modern society, and only continuous R&D investment can ensure the smooth progress of enterprise innovation [45]. Thus, increasing internal R&D expenditures is the key to improving innovation levels and sustainable development ability. The government’s fiscal spending plays an important role in many areas. Increases in the financial budget are prominent reasons for creating fiscal space in the Turkish healthcare system [46]. Furthermore, research on Japan’s fiscal policy indicates that it has a stabilizing influence on the effective demand and income distribution [47]. Rapid population growth and land resource constraints in the process of urbanization have put enormous pressure on urban infrastructure, housing, and public services. A city’s high demand for energy and resources, such as electricity, water, and materials, pressures the environment and supply chain. In addition, urban activities generate large quantities of waste and pollutants, such as air and water pollution, leading to reduced environmental quality and increased health risks [48]. Under these conditions, governments should develop sustainable urban planning policies and provide economic incentives to encourage low-carbon transportation, energy conservation, and the use of renewable energy. In addition, it can increase public participation in sustainable urban development and promote sustainable lifestyles through education and publicity activities.



Other important obstacles to urban sustainability include waste utilization and healthcare services related to medical insurance, health facilities, and beds in medical institutions. The high-tier healthcare facilities in an urban agglomeration serve not only a single city but also multiple connected cities. Many developing countries are facing similar problems. According to a survey of medical social workers in public health facilities in Nigeria, inadequate facilities, a lack of graduate medical social workers, and inadequate motivation are challenges in public health care [49]. The urban government may take several means to solve this obstacle: developing the economy and broadening financing sources, improving the level of healthcare services and the efficiency driven by quality, and upgrading medical insurance supervision through multiple measures [50]. In addition, numerous resources are consumed, and multiple sources of organic solid waste are discharged during urban metabolism [51], which places pressure on the urban environ\ment. Cities can support urban sustainable environmental development by improving the efficiency of urban metabolic resources and optimizing waste management to support sustainable urban development.



Overall, the six cities not making impressive progress under the innovation demonstration zones may be influenced by the impact of COVID-19 because the epidemic has stalled social and economic development to a large extent [52] and requires a higher level of healthcare and more efficient utilization of waste to meet the needs of citizens. They are all involved in public services conducted for the basic well-being of residents, and they rely on public expenditure from the government to a large extent. Thus, the shortage of expenditures can be the greatest developmental obstacle that cannot be addressed in these six cities or other cities in China for a long period of time because it plays a decisive role in urban infrastructure construction and public service provision [52].



To pursue urban sustainability, we developed a model for various stakeholders of cities on the basis of the methodology of the DPSIR framework and obstacle identification. As shown in Figure 8, the model comprises four interconnected components: the urban sustainability system, urban sustainability obstacles, urban sustainability strategies, and urban sustainability actions. Distinctive urban impediments are discerned within the context of the urban sustainability system, thereby engendering the formulation of commensurate strategies in response to varying impediments. These strategies, in a cascading manner, guide the execution of judiciously tailored actions. The ripple effects of these actions permeate the developmental trajectory of the urban sustainability system within the urban milieu, orchestrating a perpetually evolving equilibrium through feedback loops [53].



More specifically, the urban sustainability system is constructed on the basis of the DPSIR framework, encompassing its five core elements and their detailed indicators. Obstacles, which are inherently dynamic, typically pertain to one or more components within the DPSIR framework. In the case of the requisite profundity, a deeper exploration of these components and their subsidiary indicators is conducted to pinpoint the precise obstacle factor(s) impacting urban sustainable development. The architectural underpinnings of strategies are trifold, harmonizing seamlessly with the triple bottom line theory, thus encapsulating the triad of economic, societal, and environmental facets. The overarching mission encapsulates the attainment of a modernistic urban entity characterized by economic resiliency, social inclusivity, and environmental amicability. Comprehensive planning that integrates economic, social, and environmental aspects can lay the foundation for sustainable urban growth and enhance the quality of life of residents [54]. Actions, by design, manifest as the realm of multifarious stakeholders. The apparatus of governance engenders the articulation of policies, corporate entities optimize resource allocations, and the populace is galvanized into active participation. This concerted symphony of endeavors culminates in the materialization of strategies, thereby surmounting the impediments that punctuate the trajectory of urban sustainable development. This orchestrated intervention exerts its transformative impetus upon the urban sustainability system [55], coalescing the heterogeneous forces into a harmonious orchestration that engenders dynamic and incessant urban sustainable evolution.



Furthermore, cities can identify areas of improvement and make necessary adjustments to ensure sustainable progress over time by regularly assessing the impact of policies and initiatives. Inclusive decision-making processes ensure that diverse perspectives are considered, leading to more effective and widely accepted solutions. Additionally, cities can learn from each other’s experiences and best practices in achieving sustainability, which is also the original intention for innovation demonstration zones in China. Establishing platforms for collaboration and knowledge sharing among cities may accelerate the adoption of successful strategies and foster a national or even global network of sustainable urban development.



For the instance of the six cities in China, as the “response” component was identified as a key driver of urban sustainability, cities should focus on strategic investments in areas such as health facilities, sewage treatment, industrial solid waste utilization, and R&D personnel input [56]. Allocating adequate [57] budgets and resources to these sectors can significantly improve urban sustainability levels and address some of the most pressing challenges faced by cities. Embracing emerging technologies such as smart city solutions, the Internet of Things (IoT), and artificial intelligence can significantly enhance urban sustainability [52]. These technologies can optimize resource allocation, improve transportation systems, and enable data-driven decision-making [42], leading to more efficient and environmentally friendly urban management.




6. Conclusions


This research measured the urban sustainability of six cities in China through the DPSIR framework and identified their obstacles to sustainable urban development.



Overall, five cities, including Lincang, Taiyuan, Chengde, Guilin, and Chenzhou, made steady progress in pursuing urban sustainability from 2016 to 2020. In addition, the main obstacle component to the urban sustainability of the six cities during the entire observation period was identified as the actions or policies strategized by urban governments, organizations, and the public. Moreover, the more specific obstacle factor in pursuing sustainable development in Guilin is healthcare, including establishing health facilities and setting beds in medical institutions. The more specific obstacle factor in pursuing the sustainable development of Lincang, Taiyuan, Chengde, Shenzhen, and Chenzhou is expenditures, including finance budgets and internal R&D expenditures. Thus, the response of groups and individuals to various challenges from urban development is the key factor for cities to pursue sustainability. Improving the government’s public financial budget, increasing R&D investment, and upgrading the supply of healthcare are effective means to overcome these obstacles.



These findings contribute to the understanding of urban sustainability dynamics and can guide policymakers and urban planners in formulating effective strategies to increase sustainability levels in their respective cities. Further research and targeted interventions addressing the identified obstacles can foster sustainable urban development and improve the overall quality of life of urban residents. For the urban sustainability of the whole planet, research also indicates that finding common obstacles to cities is as crucial as addressing specific challenges according to the characteristics and needs of each city.



This research provides a general approach for cities, scholars, and governments to measure their levels of sustainability with a specific score. Practical recommendations against common obstacles to urban development have also been proposed for decision-makers and urban governors.



The urban sustainability model we developed is underscored by its rootedness in the DPSIR framework, which is a well-established construct in environmental studies. This foundation facilitates the systematic dissection of urban complexities, unraveling specific impediments that engender suboptimal sustainable trajectories. Furthermore, the model stands as an actionable roadmap, bridging the theoretical tenets of urban sustainability with tangible interventions. The strategic formulation of urban sustainability strategies emerges as a synthesis of economic, social, and environmental dimensions. This holistic triad galvanizes diverse stakeholders, from governmental bodies to private enterprises and the public, to synergistically embark on tailored actions. At its core, the model exemplifies a virtuous cycle of adaptive governance. The intricate feedback loops intrinsic to the model’s architecture propel urban systems toward novel equilibria, affording cities the resilience to recalibrate in response to evolving challenges. This iterative process of strategy implementation, action execution, and system adaptation engenders a dynamic continuum of sustainable development.



The future of urban sustainability relies on proactive and forward-looking strategies. By embracing technology, fostering collaboration, and prioritizing social and environmental considerations, cities can achieve lasting sustainability while maintaining their unique identities and characteristics. Vibrant, inclusive, and resilient cities can thrive in the face of global challenges and contribute to a more sustainable world. However, several limitations remain in this research, e.g., data availability, the time frame utilized, and the sample objects selected for this study are not comprehensive enough. In addition, the urban sustainable development indicator systems constructed in this study are objective indicators and fail to include subjective indicators for comprehensive measurement. These issues are expected to be explored in depth in future studies. In the future, further dynamic mechanisms of urban development should be explored to determine the interrelationship between obstacles and urban sustainability. Currently, the sustainable development evaluation index system in this paper is constructed based on China’s practice environment. From a global perspective, these indicators are of strong relevance to the construction of urban sustainability in developing countries around the world. The number of developing countries accounts for a considerable proportion, which are relatively similar to China’s social practice environment. Difficulties and obstacles faced in the construction of sustainable urban development are also concentrated in the same areas. One of them is the high level of handicap in the “Response” dimension. The ability to respond to problems in the process of urban development and construction is relatively lacking. The second is the “State” dimension. In the process of vigorously pursuing the efficiency of economic development, developing countries will inevitably cause different degrees of damage to the environment, resulting in a high level of obstacles in the current environment state. Thus, developing countries should focus more on these two dimensions in the process of indicator selection. On the other hand, for the majority of developed countries concentrated in the northern hemisphere, most of them have completed a period of rapid economic growth and have entered a stage of social balance and environmental protection. Therefore, developed countries will focus more on indicators in the “Driver” and “Impact” dimensions in the selection of indicators. In addition, research on data analysis can cover all innovation demonstration zones since the updating of the database and more areas in other developing countries should be considered.
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Figure 1. Research flowchart. 
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Figure 2. DPSIR framework. 
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Figure 3. Urban sustainability scores (2016–2020). 
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Figure 4. Urban sustainability scores (2011–2015). 
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Figure 5. Obstacles of urban sustainability DPSIR components. 
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Figure 6. Obstacles of urban sustainability indicators (2016–2020). 
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Figure 7. Obstacles of urban sustainability indicators (2011–2015). 
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Figure 8. Urban sustainability pursuing model. 
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Table 1. City profiles of innovation demonstration zones.






Table 1. City profiles of innovation demonstration zones.





	Approved Time
	City
	Theme





	13 February 2018
	Taiyuan
	Transformation and upgrading of resource-based cities



	13 February 2018
	Guilin
	Sustainable utilization of landscape resources



	13 February 2018
	Shenzhen
	Innovation leading for sustainable development of megacities



	6 May 2019
	Chenzhou
	Sustainable utilization of water resources and green development



	6 May 2019
	Lincang
	Innovation-driven development in underdeveloped border multiethnic area



	6 May 2019
	Chengde
	Sustainable development of water conservation functional areas of urban agglomerations



	10 July 2022
	Ordos
	Desertification control and green development



	10 July 2022
	Xuzhou
	Innovation leading for high-quality development of resource-based regional central cities



	10 July 2022
	Huzhou
	Green innovation leading for the sustainable development of ecologically resource-rich regions



	10 July 2022
	Zaozhuang
	Innovation leading for sustainable rural development



	10 July 2022
	Hainan
	Ecological protection and high-quality development of river source areas










 





Table 2. Urban sustainability indicator system under the DPSIR framework.
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Component

	
Indicator

	
Measurement

	
Unit

	
ID

	
Property

	
References






	
Driver

	
Legal entities

	
Number of legal entities per 10,000 people

	
number of legal entities

	
D1

	
+

	
[28]




	
Primary industry

	
The total output value of agriculture, forestry, animal husbandry and fishery

	
hundred million Chinese yuan (CNY)

	
D2

	
+

	
[29,41]




	
GDP

	
GDP growth rate per capita

	
%

	
D3

	
+

	
[29]




	
Land yield

	
Land yield = GDP/land area of administrative region

	
%

	
D4

	
+

	
[30,42]




	
Foreign investment

	
The actual amount of foreign investment

	
ten thousand US dollar (USD)

	
D5

	
+

	
[30]




	
Labor productivity

	
Labor productivity = GDP/(number of employees in urban units + urban private and self-employed persons)

	
Chinese yuan (CNY)/people

	
D6

	
+

	
[30,38]




	
Pressure

	
Household waste

	
Amount of household waste generated

	
ten thousand ton

	
P1

	
−

	
[31]




	
Industrial solid waste

	
Amount of industrial solid waste generated

	
ten thousand ton

	
P2

	
−

	
[12,29]




	
population

	
population density

	
people/km2

	
P3

	
−

	
[33]




	
State

	
Internet

	
Internet penetration

	
%

	
S1

	
+

	
[30]




	
Road network

	
Road network density = area of paved roads at the end of the year/land area of administrative area

	
%

	
S2

	
+

	
[30]




	
Green coverage

	
Build a green coverage rate

	
%

	
S3

	
+

	
[35]




	
Medical insurance

	
Basic medical insurance participation rate

	
%

	
S4

	
+

	
[34]




	
Green area

	
Green space area per capita

	
km2/people

	
S5

	
+

	
[35]




	
Impact

	
Secondary industry

	
The added value of the secondary industry accounts for the proportion of GDP

	
%

	
I1

	
−

	
[36,42]




	
Tertiary industry

	
The added value of the tertiary industry accounts for the proportion of GDP

	
%

	
I2

	
+

	
[36]




	
Unemployment

	
Registered unemployment rate in towns

	
%

	
I3

	
−

	
[29,37]




	
Response

	
Health facilities

	
Number of health facilities per 10,000 people

	
Number of health facilities

	
R1

	
+

	
[25,29]




	
Industrial solid waste utilization

	
Comprehensive utilization rate of general industrial solid waste

	
%

	
R2

	
+

	
[25,36]




	
Household waste treatment

	
Harmless treatment rate of household waste

	
%

	
R3

	
+

	
[31]




	
Finance budget expenditure

	
Local public finance budget expenditure

	
hundred million Chinese yuan (CNY)

	
R4

	
+

	
[24,29]




	
Sewage treatment

	
Centralized treatment rate of sewage treatment plants

	
%

	
R5

	
+

	
[36]




	
Beds in medical institutions

	
Number of beds in medical institutions per 10,000 = number of beds in hospitals and health centers/total population at the end of the year

	
sheet/ten thousand people

	
R6

	
+

	
[11,30]




	
R&D internal expenditures

	
R&D internal expenditures

	
ten thousand Chinese yuan (CNY)

	
R7

	
+

	
[39]




	
R&D personnel input

	
Full-time equivalent of R&D personnel

	
people year

	
R8

	
+

	
[39]











 





Table 3. Urban sustainability indicator weights.
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Component

	
Component Weight

	
Indicator

	
ID

	
Indicator Weight






	
Driver

	
0.0454857

	
Legal entities

	
D1

	
0.0064596




	
Primary industry

	
D2

	
0.0069081




	
GDP

	
D3

	
0.0073567




	
Land yield

	
D4

	
0.0078052




	
Foreign investment

	
D5

	
0.0082538




	
Labor productivity

	
D6

	
0.0087023




	
Pressure

	
0.0287982

	
Household waste

	
P1

	
0.0091509




	
Industrial solid waste

	
P2

	
0.0095994




	
population

	
P3

	
0.0100479




	
State

	
0.2588131

	
Internet

	
S1

	
0.0508655




	
Road network

	
S2

	
0.0513141




	
Green coverage

	
S3

	
0.0517626




	
Medical insurance

	
S4

	
0.0522112




	
Green area

	
S5

	
0.0526597




	
Impact

	
0.1606704

	
Secondary industry

	
I1

	
0.0531083




	
Tertiary industry

	
I2

	
0.0535568




	
Unemployment

	
I3

	
0.0540053




	
Response

	
0.4517787

	
Health facilities

	
R1

	
0.0549024




	
Industrial solid waste utilization

	
R2

	
0.0553510




	
Household waste treatment

	
R3

	
0.0557995




	
Finance budget expenditure

	
R4

	
0.0562481




	
Sewage treatment

	
R5

	
0.0566966




	
Beds in medical institutions

	
R6

	
0.0571452




	
R&D internal expenditures

	
R7

	
0.0575937




	
R&D personnel input

	
R8

	
0.0580422











 





Table 4. Urban sustainability scores of cities.
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	City
	2016
	2017
	2018
	2019
	2020





	Lincang
	0.22843
	0.21974
	0.30057
	0.31481
	0.33166



	Taiyuan
	0.27227
	0.26872
	0.36123
	0.36116
	0.38634



	Chengde
	0.23038
	0.31908
	0.37161
	0.33067
	0.35081



	Guilin
	0.30457
	0.40382
	0.42626
	0.45697
	0.43904



	Shenzhen
	0.40617
	0.44296
	0.36942
	0.37362
	0.37816



	Chenzhou
	0.30352
	0.30899
	0.32941
	0.36605
	0.38702
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