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This study explores the influence on urban sustainable development performance of residents’ resettlement as a result of urban renewal activities, aiming to develop a system dynamics model to simulate the performance of urban sustainable development performance at the perspective of urban renewal. The system dynamics model consists of four subsystems, which are urban economic sector, social service sector, demolition and resettlement sector, and industrial development sector. It was used to simulate the sustainable development performance of Guangzhou city. In the seven scenarios simulated, it is found that increasing the ratio of in-site rehousing and off-site rehousing at the same time can help to promote the sustainable development of the city. The results show that the system dynamics model can effectively simulate the impacts of urban renewal on sustainable development performance, and provides a reference for decision makers to formulate urban sustainable development strategies.
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1 INTRODUCTION
The United Nations Agenda for Sustainable Development Goals 2030 emphasizes the need to balance goals and indicators in three interconnected dimensions: economic, social, and environmental. Urbanization has shown that the three dimensions have a similar structure: the economic dimension, the demographic dimension, and the spatial dimension (Jiang et al., 2021).
Urbanization in China has progressed to the middle and late stages, and the spatial and qualitative development of cities depends on urban renewal (Zhao and Li, 2019). The basis of urban renewal is the scarcity of land in cities. Due to the increase in land value at the city center, urbanization has extended to the outskirts through converting rural land into urban land for construction, converting it into urban built-up areas. This is a way for urban development to achieve economies of scale. However, a balance between economies of scale and diseconomies of scale is always achieved in urban development. Therefore, There are two main approaches to urban development: urban expansion and urban renewal. Urban renewal means the reuse of underutilized land in urban centers (Zhao and Li, 2019).
The question examined in this paper is how different demolition and resettlement scenarios will affect the sustainable urban development of Guangzhou. This study establishes a system dynamics model for sustainable urban renewal by exposing the interrelationships between demolition and resettlement programs and sustainable urban development, and proposes a demolition and resettlement program that promotes sustainable urban development. In order to fully grasp the complexity of these linkages, this paper takes Guangzhou City as the research area, and by establishing a system dynamics model to study the intrinsic relationship between variables, simulates the sustainable urban development performance of different demolition and resettlement programs, so as to determine appropriate urban renewal management policies and demolition and relocation compensation methods, in order to guide the construction of a sustainable urban development system in Guangzhou and the country as a whole.
The results of the study show that system dynamics modeling is an effective tool for simulating the performance of sustainable urban development and can help decision makers to formulate appropriate strategies for sustainable urban development. In this study of the Guangzhou area, this study finds that increasing the ratio of the use of in-site rehousing and off-site rehousing can increase the performance of urban sustainable development.
Among the many cities in China, taking into account the fact that each city’s development orientation and main objective are not exactly the same, further research on a larger scale may be needed when discussing the generalizability of the model.
This paper is divided into six parts. Chapter 1 introduces the research theme, analysis method and research objectives of this paper. Chapter 2 reviews the previous studies. Chapter 3 describes the research methodology and the context of the study area. Chapter 4 establishes the dynamic model of sustainable urban renewal system. In chapter 5, the model will simulated and analyse the result. Chapter 6 concludes and makes proposals on implementation.
2 LITERATURE REVIEW
Many indicators and assessment tools have been developed by previous researchers to assess the performance of sustainable urbanization from different perspectives. These indicators and tools are widely used in academia and practice to assess the level of urban development. However, there are some limitations in using indicators to assess urban sustainability. Since urban development is a complex system containing a variety of variables, indicators do not reflect the systematic interactions among these variables and therefore do not provide normative indicators of future directions of urban development. Uwasu and Yabar, (2011) also believe that existing sustainability indicators and tools may overlook some important features of sustainability, and fail to explicitly address the relationship between the city-building aspects and the socio-economic aspects of urbanization.
Based on the above discussion, there is a need to bring in a methodology to assess a city’s sustainable urban renewal performance by considering the interactions between indicators. Therefore, the objectives of this study are: 1) to develop a sustainable urban renewal evaluation model based on the principle of system dynamics; 2) to demonstrate the application of the sustainable urban renewal model through a case study of Guangzhou, China; and 3) to analyze the simulation results under different scenarios.
An increasing number of scholars are applying system dynamics to urban development. System dynamics is a method created by Prof. Jay Forrester of the Massachusetts Institute of Technology (MIT) for the systematic study of information feedback in complex systems (Forrester, 1958). Its most important feature is its ability to essentially analyze the internal structure of the system under study. It describes the relations of influence between the elements of the system, and simulates the impact of dynamic changes on the relations of influence between the indicators on the overall behavior of the system (Marzouk and Shimaa 2014). By establishing a complete information feedback system, we studied the linear and nonlinear interactions as well as the inherent large-scale, complex, and dynamic feedback loop structures of systems.
Several studies have been conducted using system dynamics to simulate and evaluate the performance of sustainable urban development. Huang and Chen (1999) developed a dynamic urban system model including six subsystems: land use, population, transportation, water resources, solid waste and wastewater treatment to simulate the performance of sustainable development in the city of Taipei. This model cannot be directly applied to assess other Chinese cities as China has different urban development characteristics. Mavrommati et al. (2013) proposed a system dynamics approach for ecologically sustainable development of urban coastal systems, which focuses on the relationships between the environmental and economic dimensions with no variables for the social dimension. Yu et al. (2022) used Shanghai as the study area to establish a system dynamics model to study the carrying capacity of the city, but the model only revealed the relationship between population, economy and resources, and changes in urban regeneration and land use were not taken into account.
Domestic and foreign scholars have studied the system dynamics of urban sustainable development evaluation. However, the synergistic evolution between research objects within the urban sustainable development system has not been studied from the perspective of urban renewal or housing demolition compensation. Through the system dynamics method, this paper establishes a sustainable urban renewal model.
Existing studies can provide useful references for modeling the performance of urban sustainability in this study. This study will apply system dynamics to simulate the performance of sustainable urban renewal in China. In this paper, commercial buildings are investigated, and the simulation will provide solutions for the government to realize sustainable urban development.
3 RESEARCH CASE AND METHOD
3.1 Case
This paper tries to provide policy suggestions to alleviate social conflicts for sustainable urban development. While some authors emphasise the role of environmental governance in sustainable urban development, urban renewal as a high priority task in China over the past decade, policy interventions in urban renewal have had a significant impact on urban development (Zhao and Li, 2018).
Therefore, The model built in this study has two main purposes.
1) To develop Causal Loop Diagrams (CLDs) and Stock-flow Diagrams based on Vensim to describe the logical relationships and interactions between factors comprehensively and systematically, which helps to better demonstrate the changes caused by intra-system changes to the whole system.
2) By simulating and analyzing the SD model, we analyze the impacts of urban renewal activities of various demolition and resettlement types on the sustainable development of the city, and adopt measures that can effectively promote the sustainable development of the city.
In this research, the city of Guangzhou is selected as the study area (Figure 1), which is a thousand-year-old commercial capital with a long history of urban renewal. And the application of the established SD model was demonstrated by a case study of this city. The scale and experience of urban renewal in Guangdong Province is leading in China (Luo, 2020).
[image: Figure 1]FIGURE 1 | Geographical Location of Guangzhou (Reproduced from Lao et al., 2020, licensed under CC BY 4.0 International).
Guangzhou, Guangdong Province, China, which was chosen for the following reasons. In terms of urban development, Guangzhou is a city with a history of more than 2,200 years, and a large number of historical buildings carrying millennia of culture still remain in the central area of the city. Guangzhou presents housing diversity with Xiguan architecture, which highlights Guangfu culture, and urban villages left behind by rapid urbanisation. In terms of housing development, Guangzhou entered the commercialisation of housing earlier. Also, like other cities, it went through a long period of planned economy prior before housing commercialisation. In economic terms, Guangzhou’s urbanisation rate, GDP and population have been able to maintain good urban data performance over a long period of time without the establishment of a special economic zone.
Urban renewal in Guangzhou, China, is classified as the renewal of old villages, old cities and old factories, and the redevelopment methods are classified as complete reconstruction, micro-renovation and hybrid renovation (Guangzhou Daily, 2021), of which old villages are also known as urban village renovation. Urban villages exist in cities to function as low-cost urban housing and attract people who only need a room to live in, such as low-income people and students. The low rents due to their lack of standardised road planning, safety management and public health standards (Hu, 2014).
Urban villages are mostly renovated by complete reconstruction, which has attracted much attention because of the multiple interests and large amounts of money involved. Complete demolition and reconstruction is an urban renewal activity that involves the re-planning and redevelopment of land. It is also an urban renewal activity that involves the ecological restoration and land reclamation of the area by changing the land use attributes (Guangzhou Daily, 2021). In areas that are included in the annual urban renewal programme, land acquisition and demolition preparations are required. The government adopts “monetary compensation” or “monetary + reserved land” as compensation for land acquisition for village collectives. The developer who acquires the land will compensate the villagers or the village collective by exchanging the property rights with the demolished houses or by monetary compensation.
Before demolishing houses, the demolition compensation or rehousing terms require the consent of the relocation household. There are currently three main types of compensation and resettlement programs, namely, on-site rehousing, off-site rehousing and monetary compensation. These three different programs influence the achievement of sustainable urban development goals through different paths (Liu and Qiao, 2018).
China has continued to issue policies on increasing monetary compensation between 2015 and 2017 in order to meet urban sustainability goals. Between 2013–2017, the proportion of monetary compensation was increased to 60%, following the adoption of state subsidies and measures to give residents whose land was expropriated preferential housing purchase within 1 year. (China Statistics Bureau, 2018).
However, the rise in monetary compensation has led to a number of social problems, such as: soaring house prices and a smaller supply-demand ratio, due to the ineffective use of increased monetary compensation.
For the purpose of studying the relationship between the three demolition and resettlement programs and urban sustainable development goals, then identifying the methods that can promote sustainable urban development. According to what the United Nations emphasizes in the UN Sustainable Development Goals 2030 Agenda and among the urban sustainable development goals in China, four urban development goals that meet the requirements of the National New Urbanization Plan (2014–2020) are identified as the sustainable development goals for this study. They are the GDP scale, which indicates the economic index of cities. The level of municipal public infrastructure per capita, which indicates the functional service index of cities. The urban industrial structure coefficient, which indicates the urban industry. And the residential floor area per capita, which indicates the urban living environment.
In research methodology, this paper uses causal diagrams and stock-flow diagrams as tools and takes Guangzhou City, Guangdong Province, as the study area. It uses a system dynamics method to study the intrinsic relationship between demolition and resettlement and sustainable urban development. Figure 2 shows the research system framework.
[image: Figure 2]FIGURE 2 | The research system framework.
3.2 Methodology
In this study, the system dynamics approach is used to simulate the performance of sustainable urban development. System dynamics has five general steps: articulation of the problem or conceptualization, make causal loop diagram and stock-flow diagram, dynamic hypothesis formulation and validity testing, and then analysis and comparing the results of the different scenarios, the last step is summarizing the suggestion. On the principle of summarizing the research results of scholars and based on the actual situation of Guangzhou’s commercial residential market, this paper analyzes and models four aspects, including housing demolition and compensation, economy, urban public facilities, and industrial development, resulting in the SD model of sustainable urban renewal.
Therefore, in the first step of this study, identifying the key variables of the sustainable urban regeneration model will be based on a review of existing indicators for assessing urban sustainability, such as the Urban Sustainability Index published by McKinsey and Company and Tsinghua University in China (Hua et al., 2016), Zhu et al. (2021), Huang and Cai (2019), Shen et al. (2011), Luo (2019), Zhang, (2015) and Tan et al. (2016), to identify the variables. Also, the availability and accessibility of the data are considered. Finally, 27 variables under the four dimensions were identified (Table 1). Four key variables were included, namely, GDP Scale, Per Capita Residential Building Floor Space of Urban Residents, Per Capita Level of Municipal Public Infrastructure, Industrial Structure Coefficient. And then they are used as the key variables of the SD model. The Technical Line of Research in this Study shows in Fugire 3.2.
TABLE 1 | Evaluation indicators for sustainable urbanization.
[image: Table 1]After identifying the key variables, the next step is to make causal loop diagram (Figure 3) and stock-flow diagram (Figure 4). The stock-flow diagram is used to describe the relationship between the variables in the system through the above two flows. In this study, the relationships between variables were analyzed by referring to SD models related to sustainable urbanization such as Shen et al. (2009), Cheng and Liu, (2017), Han et al. (2009), Guan et al. (2011) and Mavrommati et al. (2013).
[image: Figure 3]FIGURE 3 | The causal loop diagram of sustainable cities renewal.
[image: Figure 4]FIGURE 4 | The stock-flow diagram of sustainable cities renewal.
4 SIMULATION ANALYSIS OF THE SUSTAINABLE URBAN RENEWAL SYSTEM MODEL: A CASE STUDY OF GUANGZHOU
4.1 Establishment of system boundaries
The boundary of the sustainable urban renewal system is combination of various sub-systems, which involves various links from the allocation and transfer of land to the complete reconstruction of urban villages. In the meantime, integrated reuse of land is a circular economy model (Qin et al., 2013), which transforms the previous fragmented land transfer and reuse into “integration of fragmented land-accumulated land transfer-land reuse”, so as to maximize the use of land resources and to ensure the sustainable development of the stakeholders in urban renewal activities (Long, 2017). In order to study the system of demolition and compensation for urban renewal in China, the sustainable development model of urban renewal is constructed by combining the urban economic subsystem, public service system, demolition and compensation subsystem, and urban industrial subsystem.
4.2 Modeling sustainable urban renewal model
4.2.1 Data sources
This study used datasets on real estate, population, socio-economics, land resources, and industrial development. The main data sources are Guangzhou Statistical Yearbook (2011–2021), Guangdong Statistical Yearbook (2011–2021), China Urban Statistical Yearbook (2009–2022), China Statistical Yearbook (2010–2021), China Statistical Yearbook of Real Estate (2002–2021), public data from the China Statistical Bureau (2015–2022), and the Statistical Bulletin of National Economic and Social Development of Guangzhou Municipality (2015–2022). In the demolition and resettlement subsystem, there is no official information on Demand for Commercial Residential Building for Resettlement, Construction Volume of Resettlement Buildings, Construction Volume of Resettlement Buildings in Other Places, Monetary Compensation, Ratio of In-site Rehousing, and Ratio of Off-site Rehousing are disclosed, so the data are approximated on the basis of news data.
4.2.2 Equations and parameter settings
Based on the stock-flow diagram and the collected data, the equations for the level and auxiliary variables involved were established, as shown in Table 2.
TABLE 2 | Variables and equations of the SD mode.
[image: Table 2]4.2.3 Model checking
First, the SD model needs to be tested for accuracy and feasibility. This can be achieved by obtaining a match between Simulation results (SR) and Historical Data (HD) of the variables in the system. To validate the SD model, the time scope of the variables was set to 5 years, from 2016–2020.
The matching results were obtained through Vensim PLE 5.1 and selected “Sold Floor Space of Commercial Residential Building, Per Capita Savings Deposits of Residents in Urban Renewal Areas, GDP Scale of Guangzhou, Real Estate Development Investment”, a total of four variables were matched to verify the validity of the SD model. The matching results are shown in Table 3. It can be seen that the simulated values of the variables are closer to the actual values and the relative errors are low. This indicates the validity of the SD model. Therefore, the SD model is reliable and can represent the causal feedback relationship between variables, and simulate the performance of sustainable development of the city.
TABLE 3 | Verification with historical data.
[image: Table 3]5 MODEL SIMULATION RESULTS AND DISCUSSION
Guangzhou’s urban renewal activities of complete demolition and reconstruction over the past 10 years have resulted a rapid rise in house prices across the city (Zhang and Dong, 2017), which affects the sustainable development of the economy. Guangdong Province implemented the “Implementation Opinions of the People’s Government of Guangdong Province on Accelerating Shantytown Rehabilitation Work” in 2014 (People’s Government of Guangdong Province, 2014). Guangzhou, as a city with a continuously rising urban population in the country and the largest population in Guangdong Province, requires continuous urban renewal activities to improve the city’s affordability. Therefore, Guangzhou is a good example to study sustainable urban development in cities.
5.1 Simulation scenarios
Scenario analysis is useful for assuming the possible range of the future, and seeking effective strategies and actions on this basis (Kishita et al., 2016). The values of the variables and parameters in the SD model can be adjusted according to different scenarios and the results of the simulation will be different. Subsequently, SD strategies can be developed based on the different simulation results. These development strategies and their impact on the future sustainability performance of the city can be further examined by reusing the SD model.
In this study, seven different development scenarios were assumed for SD model simulation. Seven different development scenarios were assumed for SD model simulation The initial parameters of the model were set as INITIAL TIME = 2016, FINAL TIME = 2030, TIME STEP = 1, Unit for Time: Year.
Current, the proportion of the current compensation method is kept unchanged, and all parameters and variables are kept unchanged.
Scenario one, assuming that the proportion of monetary compensation changes at a rate of increasing by 2% per year, the proportion of in-site rehousing and the proportion of off-site rehousing change at a rate of decreasing by 1% per year, and the amount of in-site rehousing construction and the amount of off-site rehousing construction decrease with the decrease in the proportions. The other variables are held constant in this scenario.
Scenario two, assuming that the proportion of in-site rehousing decreases at a rate of 2% per year, the proportion of off-site rehousing and the proportion of monetary compensation increase at the rate of 1% per year, the amount of in-site rehousing construction decreases with the decrease in the proportion, and the amount of off-site rehousing construction increases with the proportion. In this scenario, other variables are held constant.
Scenario three, assuming that the proportion of off-site rehousing decreases at the rate of 2% per year, the proportion of monetary compensation and the proportion of in-site rehousing increase at the rate of 1% per year, the amount of off-site rehousing construction decreases with the decrease in the proportion, and the amount of in-site rehousing construction increases with the proportion. In this scenario, other variables are held constant.
Scenario four, assumes that the proportion of off-site rehousing increases at a rate of 2% per year, the proportion of monetary compensation and the proportion of in-site rehousing decrease at the rate of 1% per year, the amount of off-site rehousing housing construction increases as the proportion, and the amount of in-site rehousing construction decreases as the proportion decreases. In this scenario, other variables are held constant.
Scenario five, assumes that the proportion of monetary compensation decreases at the rate of 2% per year, the proportion of off-site rehousing and the proportion of in-site rehousing increase at the rate of 1% per year, and the amount of off-site rehousing construction and the amount of on-site rehousing housing construction increase as the proportions increase. Other variables are held constant in this scenario.
Scenario six, assumes that the proportion of in-site rehousing increases at the rate of 2% per year, the proportion of off-site rehousing and the proportion of monetary compensation decrease at the rate of 1% annually, the amount of in-site rehousing construction increases with the proportion, and the amount of off-site rehousing housing construction decreases with the decrease in the proportion. Other variables are held constant in this scenario.
5.2 Simulation results and analyses
The simulation result of the GDP of Guangzhou for 2016–2020 is shown in Figure 5, which shows that the trend of GDP change is the same under the seven scenarios, with Guangzhou’s GDP performance growing the fastest under the environment of Scenario 5. Under the current scenario, GDP grows most slowly.
[image: Figure 5]FIGURE 5 | Simulation result of the GDP.
The simulation results of The Industrial Structure Coefficients are shown in Figure 6, where all seven scenarios exhibit curves with a decreasing trend. The simulation results show that in 2030, the industrial structure coefficient of scenario five curve is the highest, and the industrial structure coefficient developed in the current scenario is the lowest.
[image: Figure 6]FIGURE 6 | Simulation result of the Industrial Structure Coefficient.
Per Capita Level of Municipal Public Infrastructure has been simulated, the results shown in Figure 7, where the results of the seven scenario simulations are different. In the current scenario, Per Capita Level of Municipal Public Infrastructure has been decreasing and the current one is decreasing the most. The simulation results of the other six scenarios show a decrease and then an increase, and the simulation results of scenario 3.4.5.6 show decrease until 2022 and increase from 2022 onwards. The simulation results for 2021 and 2030 were compared, and the Per Capita Level of Municipal Public Infrastructure for Scenario four was the highest for both.
[image: Figure 7]FIGURE 7 | Simulation result of the Per Capita Level of Municipal Public Infrastructure.
The simulation results of Per Capita Residential Building Floor Space of Urban Residents are shown in Figure 8. The differences between the seven scenarios are small, and all of them show an upward trend. In 2030, the highest one is in scenario 5, and the lowest is in current scenario.
[image: Figure 8]FIGURE 8 | Simulation result of the Per Capita Residential Building Floor Space of Urban Residents.
Through comprehensive consideration of the simulation results of the above four important evaluation indicators, it can be concluded that the simulation results of Scenario five are the best.
6 CONCLUSION
This paper aims to answer the questions from the introduction. It analyzes the demolition and resettlement program for urban renewal system in Guangzhou. Using system dynamics method, it studies the relationship between three demolition and resettlement programs and the sustainable development of the city. It also explores the mixed mode of demolition and resettlement programs that promote the sustainable development of the city. The in-site and off-site rehousing programs are most conducive to the reuse of land resources and sustainable urban development.
On this basis, by modeling a sustainable urban renewal system dynamics model, a comparison of the demolition and resettlement strategies that can be adopted by the local government is concluded by simulation and analysis:
The use of increasing the amount of in-site and off-site rehousing in the same proportion in urban renewal activities can prioritize the promotion of GDP growth, the increase of per capita residential space, the reduction of industrial structure coefficients, and the increase of per capita levels of municipal public infrastructure. Taken together, these four dimensions suggest that the combined strategy can promote sustainable urban development and achieve greater economic and social benefits.
Many cities are still engaged in urban renewal activities. Accurate assessment of the results of sustainable urban renewal is critical to understanding sustainable urban development and supporting the implementation of urban construction. In this paper, a System Dynamics (SD) model, which includes urban economy, social services, demolition and resettlement, and industrial development subsystems, is developed to assist in simulating the performance of sustainable urban renewal. The case study of Guangzhou, China, shows that the SD model is useful in simulating the performance of sustainable urban renewal.
The model has a lot of advantages. First, the method provides a new perspective for assessing sustainable urban renewal performance. Second, by considering the complex and interdependent relationships between variables in the urban development process, the method can improve the accuracy of the assessment results. Third, by analyzing the results in different simulation scenarios, different policies and strategies can be formulated to guide urban development.
What we need to take into account is that different cities have different main tasks in the process of urban development. For other cities in China’s Tier 3.4, where the ratio of supply and demand for commercial housing is higher, the main task is to harmonize the relationship between the ratio of demolition and resettlement and economic growth. It is the further research agenda of this research group to examine the performance of urban renewal in other Chinese cities by using established models of sustainable urban renewal.
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