

  sustainability-15-06192




sustainability-15-06192







Sustainability 2023, 15(7), 6192; doi:10.3390/su15076192




Article



Evaluation of Sustainable City and Old-Age Security Policy Intervention in China



Run Tang 1,†, Xin Guan 2, Junfan Zhu 3, Bo Liu 4,*, Zeyu Wang 4,†[image: Orcid] and Fanbao Xie 5





1



Institute of Religion, Southwest University, Chongqing 400715, China






2



Guangzhou Xinhua University, Dongguan 523133, China






3



Guangdong College of Finance and Commerce, Qingyuan 511500, China






4



School of Public Administration, Guangzhou University, Guangzhou 510006, China






5



School of History and Public Administration, Yancheng Teachers University, Yancheng 224007, China









*



Correspondence: spaliubo@gzhu.edu.cn






†



These authors contributed equally to this work.









Academic Editor: Hossein Azadi



Received: 14 February 2023 / Revised: 25 March 2023 / Accepted: 1 April 2023 / Published: 4 April 2023



Abstract

:

It is becoming increasingly urgent to address the health of the urban environment and the aging population as cities increasingly absorb the majority of the world’s population. Efforts to promote “healthy cities” continue to garner interest as a means of empowering local communities to improve residents’ access to healthcare and encourage them to adopt more preventative practices. Due to the confluence of urbanization and population aging in China, the country’s cities must be designed and constructed to accommodate a wider range of residents and improve the quality of life for residents of all ages. A policy intervention evaluation model for the sustainable city index system is introduced after briefly reviewing the historical progression of sustainable city construction and the policies around the world. Then, six main pilot cities are selected to analyze their unique characteristics and trends across various dimensions. Finally, the dynamic simulation model is used to simulate the operation status of the pilot city system according to different dynamic factors. Two main conclusions are reached. (1) In different areas, the implementation of the sustainable city pilot strategy has had varying degrees of encouraging effects on building projects. (2) Overall, the pilot cities’ observed value is quite near to the control value calculated here. This suggests the synthetic control unit closely resembles the actual pilot city in terms of layout and design. (3) The healthy city pilot policy has a promotion effect on healthy city construction, as measured by its effect size of 0.015. This work can serve as a theoretical reference for promoting healthy city growth and as a guide for the city’s benign operation.
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1. Introduction


As a result of rapid urbanization over the past 40 years, 60% of China’s population now resides in urban areas. At the same time, China is fast becoming an elderly society. These increases are driving the need for China to create inclusive and environmentally sound communities for people of all ages. The 14th Five-Year Plan aims to improve the general well-being of the people, promote high-quality development, and help achieve the overall goals of the plan by integrating health and aging issues into urban planning and design. This plan will create a new platform for cities to efficiently meet the aging society’s many challenges. The aging of the population and old-age care are vital problems that have needed to be actively addressed during the process of building a sustainable city in recent years. The aging problem has posed great challenges to urban planning and city building. For example, many residential buildings lack elevators for the elderly, neighborhoods lack activity and rest areas for the elderly, and transportation hubs and route planning do not take the needs of the elderly into account, all of which reduce the elderly’s ease of use and independence. A key component of green city planning is addressing issues of public health. Socially vulnerable groups include the elderly, who tend to be in poor health and have limited financial resources. This is especially true of those seniors who fall into one or more of the “special groups”, such as those who have lost a spouse or partner, are disabled, live alone, or have no children. Improving the health of the elderly and providing for their care is a symbol of urban development and a key component of a sustainable city. In light of this factor, sustainable city plans should account for the needs of an aging population. Urbanization is the continuous expansion of urban production and rapid growth of the urban population [1]. Poor living environments, traffic congestion, employment difficulties, ecological degradation, environmental problems, and diminishing natural resources accompany urbanization and aging in China [2]. The best way to solve these problems is to build sustainable cities.



Because of the limitations of conventional approaches, this research employs Synthetic Control Methods (SCM) to evaluate the impact of healthy city pilot programs on policy [3]. SCM can assess the effectiveness of policy implementation by comparing the differences between the treatment group and the synthetic group before and after policy implementation. This comparison is made by selecting specific predictor variables from existing data as elements of the synthetic assessment variables and by weighting the predictor variables of each sample in the control group. The strategy relies on the data-driven determination of synthetic control units, eliminating estimation bias due to subjective selection and policy endogeneity and yielding trustworthy evaluation results [4].



The mechanism of a healthy urbanization dynamics mechanism is a complex and dynamic system. The structure of urbanization dynamics varies across areas, historical epochs, and developmental levels. Establishing an index system to quantify the dynamic mechanism of healthy urbanization helps accelerate the process of healthy urbanization and studying both its overall characteristics and quantitative correlations [5]. The country needs an effective and appropriate indicator system to guide China’s urban growth toward healthy and orderly urbanization. This system requires a thorough assessment of the dynamic mechanism of healthy urbanization in China [6].



This work examines the progress made in urban health by using the level of sustainable city development as its focal point of investigation. Urban health is a comprehensive conceptt involving complex content and many fields. While there are different approaches to measuring the level of sustainable cities at the macro and micro levels, the components included are broadly the same, including environmental, cultural, health, and social. Therefore, this work compares urban areas with varying degrees of sustainable development. Further, the composite control approach examines how a sustainable city pilot strategy impacts sustainable urban growth. Finally, the theory of power mechanism concludes by organizing the law of action of the power elements on the simulated health index.




2. Literature Review


Research on sustainable cities has been ongoing in China since 2000, and the extant literature covers two main perspectives. Some scholars have learned from the experience of developed countries in Europe and the United States and summarized the current state of sustainable city development in China, offering improvements and new directions. Zhang et al. [7] analyzed the mechanism of sustainable cities and the social environment for developing sustainable cities in China. In light of the current state of China’s public health system, He et al. [8] outlined the two phases of sustainable city development in China and offered recommendations for developing sustainable cities. Yan et al. [9] reviewed the evolution of sustainable cities in Europe and anticipated their construction in China from the perspectives of aging, urban planning, and social factors. Zhou et al. [10] dissected the Canadian sustainable city movement and presented a reference framework for constructing sustainable cities in China using Toronto as an illustrative case study. Healthy cities are not only limited to public health. The Chinese government’s promotion of sustainable cities has expanded beyond the original goal of increasing inhabitants’ physical health to include enhancing the urban environment, social security, and people’s material and spiritual well-being [11].



Most scholars agree on a common concept and set of dynamic mechanisms for power. The literature on dynamic mechanisms typically uses a systems viewpoint to dissect the subject under research to fully understand these interrelationships. Chassang and Kapon used Bayesian networks to construct a set of incentive mechanisms that adapt to quasi-linear dynamic environments. They gave examples of dynamic mechanisms compatible with different machine elements in complex systems [12]. Streule et al. [1] argue that system theory should be integrated into studying dynamic mechanisms. The coupling effects of reciprocal support, connection, and restriction among various aspects of the management system distinguish dynamic mechanisms from basic incentive theory [13]. The complex system of the production team was modeled using hyper-networks by Kan et al. [13] The simulation experiments proved that the internal atmosphere of the team is a significant factor in determining its learning effectiveness [14].



Three main aspects set this work apart from the existing body of research. First, this work employs a synthetic control approach rather than the conventional methods, such as the Difference in Difference (DID) method, for evaluating the policy effects of a sustainable city. When faced with this issue, traditional approaches often fail. Second, the current assessment index system of China’s sustainable cities is combined with the official accounting criteria of the World Health Organization to optimize the structure of the index system. Third, the system dynamics simulation method is introduced into domestic research on sustainable cities.




3. Materials and Methods


3.1. Concept, Development, and Evaluation Model of a Sustainable City


In light of the rapidly aging population, the government has prioritized strengthening the old-age security sector by promoting the development of in-home care, acknowledging the significance of community and institutional support, and establishing a comprehensive network of old-age services in both urban and rural areas [15]. Many cities have adopted different service delivery models since the introduction of community aging to effectively address the growing difficulties associated with aging and the issue of home care for the elderly. These models aim to meet the needs of different communities by providing high-quality care at a reasonable cost [16].



China has not yet achieved commonwealth but has become an aging society, which has slowed the development of home care for the elderly in urban areas. Thus, the government has assumed the initiative to foster the growth of this sector by nurturing a robust market and coordinating efforts from all stakeholders to meet the needs of the country’s growing elderly population [17]. Our government disseminates its ideas about community home care for the elderly to all stakeholders through the urban community home care for the elderly policy and related deployments of work. Since the soundness of the urban community home care for the elderly policy directly affects the healthy growth of the urban community home care for the elderly industry, it is critical to examine it in depth [18].



By prioritising human health in all its facets, from urban design, building, and management, and by ensuring sustainable living and working for the general public, a city can become sustainable as a whole and contribute to the growth of human civilization [19]. Figure 1 displays a sustainable city’s key elements and gradients [20].



Improved community-based health promotion in urban areas is a primary implementation goal of sustainable cities [21]. When it comes to public health, the sustainable city project is on the rise because it rejects a “top-down” approach in favor of a community-based “bottom-up” method [22]. Figure 2 displays the development process of China’s sustainable city index system.



The comprehensive policy model is a framework for assessing the efficacy of a policy by analyzing its inputs, processing, and outcomes objectively and qualitatively [23]. Evaluating the success or failure of a policy is a lengthy process that begins with planning, formulation, and implementation [24]. To objectively assess the evolutionary process and the contributing elements, it is necessary to analyze each of the three stages from input to output of the policy rather than to look at the policy’s effects in isolation [25]. Figure 3 illustrates this three-stage evaluation method.



This work uses the composite control method for the policy analysis model to assess the results of policies following the aforementioned criteria. The DID method serves as the basis for this enhanced approach, which is utilized frequently in the evaluation of both policies and projects. The policy is appropriate for all groups since it does not intervene before something happens and interferes with only one group after it has already occurred [26]. Standard terminology designates the group that does not get the intervention as the “control group,” while those who do receive it are referred to as the “treatment group” [27]. The causal effect of the policy intervention on affected individuals is expressed in Equation (1).


        δ   T O T   = E     Y   1 i t   −   Y   0 i t       D   i   = 1   = E     Y   i t       D   i   = 1   − E     Y   0 i t       D   i   = 1        



(1)







In Equation (1),     Y   1 i t     denotes the average result of the treatment group after the event;     Y   0 i t     refers to the unobservable counterfactual result;   D   stands for a dummy variable, indicating the treatment status. When   i = 1  ,     D   i     indicates that the individual receives treatment; when   i = 0  ,     D   i     means that the individual does not receive treatment.




3.2. Design of the Evaluation of the Intervention Effect of China’s Sustainable City Policy


The Chinese cities of Jinan, Dalian, Changchun, Suzhou, Hangzhou, etc., all became “pilot sustainable cities” by the end of 2016 [28]. The pilot cities serve as the treatment group for the randomized trial; other cities not affected by the policy are used as the control group. This group uses the predictor variables to synthesize the “counterfactual” results of the treatment group, i.e., the situation of the assessed variables without the implementation of the pilot policy [29]. The efficacy of the policy can be judged by comparing the difference between the actual results of the evaluation variables and the synthetic results, which can be achieved by calculating the standard error of the difference between the two.



According to the composite control method, it is assumed that there are   K + 1   observation samples of cities. The first city is a pilot city; the remaining   K   are unsustainable cities which are used to synthesize pilot cities. The period of observation is   T   period. The pilot policy of sustainable cities is implemented at     T   0   ( 1 ≥   T   0   ≥ T )  .     Y   i t   N     denotes the composite index of sustainable cities at moment t when city i is not in the pilot policy intervention, and     Y   i t   I     indicates the result observed when it is in the policy intervention. Equation (2) describes the policy effect of sustainable cities.


    α   1 t   =   Y   i t   I   −   Y   i t   N    



(2)







For the pilot cities, the results of     Y   i t   N     after the policy in     T   0   + 1 ,   T   0   + 2 , … , T   period cannot be directly observed. Here, the factor model is used to estimate the “counterfactual” sustainable city composite index:


    Y   i t   N   =   δ   t   +   θ   t     Z   i   +   λ   t     μ   i   +   ε   i t    



(3)




where     δ   t     represents the time trend, that is, the time-fixed effect affecting all cities;     Z   i     signifies a control variable that is not affected by the sustainable city pilot policy;     θ   t     refers to a   ( 1 × r )  -dimensional unknown parameter vector;     λ   t     denotes a   ( 1 × F )  -dimensional unobservable common factor vector;     μ   i     indicates an   ( F × 1 )  -dimensional unobservable city fixed effect;     ε   i t     stands for the unobservable short-term impact of each city, and its mean value is 0. Let the   K + 1  -dimensional weight vector   W =     w   2   , … ,   w   k + 1       satisfy     w   k   ≥ 0 , k = 2 , … , K + 1   and     w   1   + … +   w   k + 1   = 1  . Each vector   W   represents a synthetic control group consisting of non-pilot cities, i.e.,   K   weights of the control group cities [30]. Equation (4) indicates the weighted result of the outcome variable of each city in the control group.


    ∑  k = 2   K + 1      w   k       Y   k t   =   δ   t   +   θ   t     ∑  k = 2   K + 1      w   k       Z   k   +   λ   t     ∑  k = 2   K + 1      w   k       μ   k   +   ∑  k = 2   K + 1      w   k       ε   k t    



(4)







Suppose there exists a weight vector     W   ∗   = (     w   2     ∗   , … ,     w   k + 1     ∗   )  . Then:


         ∑  k = 2   K + 1         w   k     ∗       Y   k 1   =   Y   11            ∑  k = 2   K + 1         w   k     ∗       Y   k 2   =   Y   12         …          ∑  k = 2   K + 1         w   k     ∗       Y   k   T   0     =   Y   1   T   0              ∑  k = 2   K + 1         w   k     ∗       Z   k   =   Z   1        



(5)







If     ∑  t = 1     T   0        λ   t   ′       λ   t     is not singular, there is Equation (6).


    Y   1 t   N   −   ∑  k = 2   K + 1        w   k     ∗       Y   k t   =   ∑  k = 2   K + 1        w   k     ∗       ∑  k = 2   K + 1      λ   t           ∑  k = 2   K + 1      λ   n   ′       λ   n       − 1     λ   s   ′       ε   k s   −   ε   1 s     −   ∑  k = 2   K + 1        w   k     ∗         ε   k s   −   ε   1 s      



(6)







During the policy intervention period,      ∑  k = 2   K + 1         w   k     ∗       Y   k t     is used as an unbiased estimate of     Y   1 t   N    . Then, the estimated value of the sustainable city pilot policy effect is written as Equation (7).


      α  ^    1 t   =   Y   1 t   −   ∑  k = 2   K + 1        w   k     ∗       Y   k t   , t ∈     T   0   + 1 , … , T    



(7)







The synthetic control weight vector       w   k     ∗     required in the above estimation can be calculated according to the Synth function in the Synth package in R software.




3.3. Dynamic Elements and Dynamic Model Construction of Sustainable City Development


As a result of their complexity and flux, urban settings lend themselves to the rich implications of urban health and the idea of health determinants [31]. Therefore, systematic thinking generally solves the practical problems encountered during the construction of sustainable cities. Figure 4 illustrates the theoretical framework for the dynamic mechanism of sustainable cities.



The sustainable city movement is driven by health promotion theory, and the intervention methods of sustainable cities directly affect the determinants of health at different levels [32]. As shown in Figure 5, this work divides the urban health system into three functional levels to identify its dynamic mechanism: economic, human settlement, and ecological elements.



The action law of the kinetic factor can be obtained by simulating the level of each stage independently and comparing the results. Adjusting the kinetic factor requires setting several orderly change sub-orders [33]. Assume that the government has a specific overall input capacity. The two options are to (1) use 35% of the input strength from one aspect and evenly distribute that percentage over the other five aspects, or (2) use 5% of the input strength from each of the other five aspects to support the input to the adjustment variable [34]. Table 1 lists the set simulation scheme.



After outputting the results under different schemes, comparing the comprehensive health levels of cities expressed in different results is necessary. Following the normalization of the model’s output index data, the comprehensive healthcare system determines the health status of each subsystem using the system index determined via the entropy weight approach [35]. The procedures for the calculations are as follows.



	
The data are positively normalized to obtain the initial evaluation matrix, where   i = 1 , 2 , 3 … m   denotes the year to be evaluated,   j = 1 , 2 , 3 … n   refers to the evaluation index, and     x   i j     stands for the value of the evaluation index in the jth item in the ith year.



	
Calculate the share     f   i j     of data for year i under the jth indicator in the sum of data for all years of the indicator.


    f   i j   =     x   i j       ∑  i = 1   m      x   i j        



(8)







	
Solve the information entropy     e   j     for the jth index value.


    e   j   = − k   ∑  i = 1   m      f   i j   · l n   f   i j      



(9)







	
In Equation (9), k =     1   l n m    , ln represents the natural logarithm, and 0 ≤     e   j     ≤ 1.


      g   i   = 1 − e   j    



(10)







	
Calculate the weight     w   j     of each indicator     g   i    .


    w   j   =     g   i       ∑  j = 1   m      g   i        



(11)







	
Calculate the evaluation score of the ith year. In other words, the following comprehensive city health assessment model is developed based on the entropy weight method.


    y   i   =   ∑  j = 1   n      f   i j   ·   w   i j      



(12)










In Equation (12),     y   i     represents the comprehensive health city index of the sample in the ith year. If yi is high, then urban health in that year is outstanding [36,37].





4. Result and Discussion


4.1. Result


4.1.1. Synthetic Weight Distribution of Pilot Cities


This work uses the comprehensive score of sustainable cities as an evaluation variable to measure the effect of the pilot policy. This section uses the non-pilot cities as a control group, and the six pilot cities announced at the end of 2016 as the treatment group. Table 2 lists the weights that contribute to the total score for healthy cities using the synthetic control method.



The pilot cities are divided into three categories according to their characteristics and environments. Beijing is a first-tier developed city; Jiangsu, Zhejiang, and Shandong are second-tier coastal cities; Sichuan and Xinjiang are underdeveloped cities.




4.1.2. Trend Analysis of the Synthetic Value of Pilot Cities


Figure 6 presents the changing trend of the synthetic value of the comprehensive score of the pilot cities over time.



Figure 6 suggests the combination of non-pilot cities can be a good fit for the characteristics of the pilot cities before the policy. The policy has proven highly favorable to the growth of the pilot cities. In addition, the composite values of Beijing, Zhejiang, and Jiangsu were divorced in 2016; those of Sichuan and Xinjiang were divorced in 2017; Shandong had a positive influence early on in the policy’s rollout but a negative impact later on. Figure 7 provides the difference between the observed value and the composite value of the comprehensive score of the pilot cities.



Figure 7 compares the actual value and the synthetic control estimated value of the comprehensive score of the six pilot cities before implementing the sustainable city pilot program in 2017. Throughout all pilot cities, it is clear that the observed value and the synthetic control value are very close. Minimal dissimilarity rates indicate that the produced synthetic control unit is very close to the actual overall pilot city before the pilot. Further tests on the composite results are required to verify the robustness of the predicted results via the Propensity Score Matching-Difference in Difference (PSM-DID) method after using the composite control approach to evaluate the policy effect. Below is a basic description of the estimation procedures used in the PSM-DID. (1) Propensity scores are computed using treatment variables and covariates. (2) All possible matches in the control group are found for each individual in the treatment group. (3) The pre- and post-treatment shifts in the outcome variable are determined for each person in the treatment group. (4) Before and after alterations are determined for every control subject paired with a treatment group subject. (5) The instructions are used to perform propensity score kernel matching or local linear regression matching. One benefit is that the PSM-DID method can account for differences between groups that are not directly visible but are stable over time.



The pilot cities serve as a control group, while secondary indicators in the remaining 226 cities are employed as matching variables. The Logit model is utilized to estimate the propensity score. The control group is selected based on the PSM method of kernel matching. Table 3 shows the net policy effect of the two groups of pilot cities through the PSM-DID method.



Table 3 shows the PSM-DID estimation results of the impact of the sustainable city pilot policy on the comprehensive index. The difference between the experimental and control groups was 0.133 before the pilot and 0.077 after the pilot. The difference became larger after the implementation of the sustainable city policy. The estimated result of the DID is 0.015; that is, the policy effect of the sustainable city pilot is 0.015. Estimated outcomes are uniformly favorable and statistically significant, demonstrating the function of the sustainable city pilot strategy in fostering the development of sustainable cities.




4.1.3. Comparison of Dynamic Simulation Results of the Urban Health System


This work uses a 10-year simulation period beginning in 2019, with years as the unit of time and once per year as the change step frequency. Output results using 2019 data from pilot cities are shown in Figure 8 to illustrate the overall state of each subsystem’s health.



Adjusting the factor parameters uniformly improves the system’s state as a whole and its constituent parts. Increasing inputs are reflected in an upward trend in city health, but the rate of change remains constant. In the medium term, a high degree of urban health can be achieved by focused investment in infrastructure. The ideal option in the long term is the starting momentum state. Figure 9 summarizes the optimal solution information of the simulation results of the power control scheme based on the above information.



Among the dynamic factors, the adjustment of the contradiction between the employment benefits of high-skilled laborers and the income gap has almost no impact on the health level of the urban system. Therefore, it can be considered that neither is part of the dynamic factors of the urban health system. The rapid growth of cities, which has an adverse impact on urban sustainability, is one cause of people’s reluctance to embrace city life. The key symptom of this reluctance is the slowing of the rate of improvement in the economic and social sectors. Both the population agglomeration effect and the tertiary industry agglomeration effect play a favorable role in urban health. In addition, the linkage between the income gap and the urbanization rate creates a complex mechanism for promoting urban health. It can enhance the momentum of the development of the environmental subsystem while attenuating the acceleration of the sustainable operation of the social and economic subsystems.





4.2. Discussion


This work constructs a composite index system for sustainable cities with four levels of indicators that can support the reliability of subjective health-level data. A general rising trend is evident in the health composite index. Comprehensive index results suggest the sustainable city pilot strategy has helped advance sustainable city building. The pilot cities’ absolute index score and relative ranking have increased substantially. In addition, results demonstrate that a synthetic control policy can help bring about sustainable development in the pilot cities. These findings align with the relevant literature and the national setting in China [38,39].



In addition, researchers represented by Yuan et al. have emphasized the importance of population and industrial agglomeration to cities within the scope of regional economics. The authors proposed encouraging population agglomeration in cities [40,41]. However, they failed to adequately show how the dynamic law of rural population agglomeration to cities works. The income difference between cities and the countryside is often cited as the primary reason why more people in rural areas are moving to cities. The results reported here underline the significance of agglomeration beyond the realm of economics. A city’s general welfare can be enhanced with a sufficient concentration of tertiary industry, population, and resources. The increased influence of income disparity on the acceleration of urbanization is not necessarily beneficial to city growth, as this work shows, and its effect on cities is complicated.



Although the research above has all suggested actionable remedies for improving healthy city construction and has seen some success, no substantially mature theory has yet been created regarding technical support. In light of these studies, this work suggests a preliminary investigation into the feasibility of implementing a healthy city strategy by integrating synthetic control approach with the dynamics mechanism theory. The findings show that healthy city pilot programs help build healthier communities.





5. Conclusions


The effort to create a sustainable city was launched by the World Health Organization and has since gained widespread attention and funding. This work analyzes the trends of the pilot cities over time in different dimensions to reflect the individual differences between the pilot cities. Moreover, the composite control method is adopted to evaluate the policy effects of China’s sustainable city pilots. Finally, the dynamics of urban system development and its mode of action are summarized, and the validity and rationality of the results of urban health issues are argued. Several regions have benefited, to differing degrees, from the healthy pilot cities policy’s emphasis on community health and sustainable development. In addition, the pilot cities’ observed and synthetic control values are very close. Zhejiang has a variable rate of 2%, Beijing has a rate of 0.54%, and the rate in the other regions is close to zero. The robustness tests yield estimates that are all positive and statistically highly significant. Moreover, positive variables that contribute to urban health include population concentration as well as the concentration of service industries. In light of the data synthesis presented here, this work provides a set of management suggestions for effective interventions in China’s urban and senior citizen security policies. First, it is essential to clarify and examine the policy framework for healthy urban community home care for the elderly along three dimensions: activity stages, activity subjects, and policy tools. Second, structural equation modeling should be employed to examine the system of research hypotheses regarding the impact of healthy urban community home care policy on the utilization of services by the aged. Finally, it is critical to summarize the influence of different policy interventions on the optimum route of usage behavior by placing a premium on coefficients and initial enhancement rates, using dynamic simulation to model their effects.



However, there are some issues with this effort. First, the logical relationship between indicators should be further clarified. Second, there may be insufficient data to gauge success reliably. Third, the structure of the summarized system dynamics model is based on the existing literature, the results are derived from statistical methods, and there is a particular subjectivity in the generalization process. Subsequent studies will employ well-suited analysis tools to match the system dynamics modeling effort.
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Figure 1. Key elements and gradient model of a sustainable city. 
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Figure 2. Development history of China’s sustainable city indicator system. 
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Figure 3. Three stages of comprehensive policy assessment. 
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Figure 4. Theoretical framework of the dynamic mechanism of sustainable cities. 
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Figure 5. Urban health system structure. 
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Figure 6. Composite value of comprehensive health scores of pilot cities (the x-axis represents the year of increasing value from 2005). 






Figure 6. Composite value of comprehensive health scores of pilot cities (the x-axis represents the year of increasing value from 2005).



[image: Sustainability 15 06192 g006]







[image: Sustainability 15 06192 g007 550] 





Figure 7. The difference between the observed value and the composite value of the comprehensive score of the pilot cities. 
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Figure 8. Levels of urban system health. 
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Figure 9. Simulation results of dynamic factor regulation scheme. 
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Table 1. Simulation scheme.
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	Factor Number
	Factor Type
	Analyzing Dynamics
	Control Data Scope
	Factor

Variable





	1
	Inside
	A monopoly of the tertiary industry
	±0.3
	0



	2
	Inside
	Regional extension
	±0.3
	0



	3
	Inside
	Intellectual employment rate
	±0.3
	0



	4
	Inside
	GDP per capita
	±0.3
	0



	5
	Inside
	Overall GDP Effect
	±0.3
	0



	6
	Inside
	Industrial and agricultural development status
	±0.3
	0



	7
	Outside
	Population concentration
	±0.35
	±0.03



	8
	Outside
	Medical and health development
	±0.35
	±0.03



	9
	Outside
	Education industry development
	±0.35
	±0.03



	10
	Outside
	Construction industry development
	±0.35
	±0.03



	11
	Outside
	Science and technology development
	±0.35
	±0.03



	12
	Outside
	Ecotourism development
	±0.35
	±0.03







Note: GDP refers to Gross Domestic Product.
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Table 2. The synthetic weight table of the pilot cities.
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Experimental City

	
Weight Distribution






	
Beijing

	
Dongcheng Area

	
Huairou

District

	
Xicheng

District

	

	




	
0.234

	
0.481

	
0.285

	

	




	
Jiangsu

	
Suzhou

	
Wuxi

	
Zhenjiang

	
Nanjing

	
Yangzhou




	
0.173

	
0.087

	
0.195

	
0.364

	
0.181




	
Zhejiang

	
Hangzhou City

	
Ningbo

	
Tongxiang

	

	




	
0.456

	
0.275

	
0.269

	

	




	
Shandong

	
Jinan City

	
Weihai

	
City of Yantai

	

	




	
0.424

	
0.187

	
0.389

	

	




	
Sichuan

	
Chengdu

	
Shanghai City

	
Dazhou

	

	




	
0.233

	
0.443

	
0.324

	

	




	
Xinjiang

	
Karamay

	
Urumqi

	

	

	




	
0.529

	
0.471
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Table 3. Synthetic weight table for pilot cities.
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	Control Group before Policy Intervention
	Control Group after Policy Intervention
	Group Differences before and after the Policy Intervention





	Sustainable City Composite Index
	0.189
	0.322
	0.133 (2.52)



	Sustainable City Composite Index
	0.199
	0.276
	0.077 (2.76)



	DID estimation results
	0.15 ** (0.43)
	
	







Note: The y statistics are in brackets; ** is significant at the 5% level.
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