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Introduction: In order to change the long-term economic development model which is at the expense of the environment, China proposed a series of new energy development and environmental intervention policies. However, there is no evidence to support the impact of urban development on the green development efficiency (GDE) under China’s macroeconomic policies at present. In order to answer this research question and help the government to improve the GDE, this study takes the Yangtze River Economic Belt (YREB) city cluster (41 cities) in China as an example to conduct an empirical study.
Methods: We first measure the GDE of these cities by Slack Based Model (SBM). Then, the Tobit model is used to measure the impact of urban development elements, namely population urbanization, land urbanization, and urban industrial development, on GDE.
Results and Discussion: The analysis of the data leads to the following conclusions and suggestions: 1) The GDE of the city cluster in the YREB has generally been improved driven by policies. But compared to policy interventions, the level of science, technology and management are the primary drivers of long-term improvement in GDE. 2) In order to avoid the economic development and environmental capacity failure to afford the increase in energy consumption and pollution discharge caused by population urbanization and land urbanization, local governments need to promote energy transformation, increase environmental protection efforts and attract top-tier talent. 3) The improvement of GDE by industrial upgrading is a dynamic and slow process, and blindly pushing industrial restructuring will lead to a decline in GDE. Therefore, the Chinese government needs to provide an ecologically suitable environment for local industrial development, which needs to avoid “pulling out the seedlings” and “one-size-fits-all” approach.
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1 INTRODUCTION
Many urban cities all around the world have seen rapid industrialization and quick economic growth in recent decades. However, urban development has resulted in a number of environmental and ecological issues, including water pollution, global warming, and the destruction of ecological systems (Sassen, 2010; Liu D et al., 2022; Hao, F. et al., 2020). If the environmental and ecological issues are not effectively alleviated and improved, they will, in turn, inhibit urban development (Brown, 2012). What is more, it may also contribute to a number of ancillary catastrophes, including food production decline, land pollution, and sea level rise (Vignola and Oosterveer, 2022; Jácome Polit D et al., 2022; Karimian Shamsabadi M et al., 2022). Therefore, researchers and urban governments around the world have to think more about how to alter the urban development model which is at the price of ecology and the environment to a more environment-friendly and sustainable way.
Urban economies are heavily reliant on fossil fuels like coal, oil, and natural gas. The use of these energy sources will unavoidably harm the environment and the ecosystem. Therefore, energy transition, namely, the replacement of traditional fossil fuels with green and clean energy, has been widely promoted by the United Nations Environment Programme (UNEP) (Neira, 2020). These green and clean energy sources include wind, hydro, solar, bioenergy, and geothermal energy. In this background, the concept of green development was introduced, which is a sustainable development approach that prioritizes social fairness, a low-carbon economy, and efficient energy utilization (Barbier, 2011). As early as the 1970s, some developed countries began to promote the green development of urban cities through laws and acts (Du Pisani, 2006). For instance, the Clean Air Act (1956) of the United Kingdom promoted energy transition in the traditional industry; the Basic Law for Public Health Measures (1967) of Japan clearly stipulated the basic responsibility of the state to protect national health and maintain the quality of the living environment; the Federal Pollution Control Act (1974) of German mainly set emission standards for large industrial enterprises; the National Environmental Policy Act (1969) of America proposed to maximize the benefits of using environmental resources while minimizing environmental degradation, health crisis, and safety risks. Subsequently, more and more countries have also started to make green development transformation. In January 2021, the Global Climate Summit 2021 (AS 2021) re-emphasizes the urgency of the energy transition and reduction of greenhouse gas emissions, which makes green development a global goal for contemporary urban development.
China first proposed “green development” to deal with the challenges of sustainable development in China’s Sustainable Development Strategy Report (2010). Then, in the next year, the goals of green development for cities were stated in the 12th Five-Year Plan for National Economic and Social Development (2011–2015). In addition to promoting clean energy conversion and efficient energy use, China’s green development emphasized more on economic growth as well as improving the environment and ecology (Hong et al., 2018; Lei, W et al., 2022). To achieve these goals, important laws, such as the Environmental Protection Law (2015), the Water Pollution Prevention and Control Law (2017), the Energy Conservation Law (2018), and the Circular Economy Promotion Law (2018), have been issued. At the same time, China has also put forward supporting policies such as the Industrial Green Development Plan (2016–2020), Green Manufacturing Project Implementation Guide (2016–2020), Guidance on Accelerating the Establishment of a Sound Green Low-Carbon Circular Development Economic System (2021). Currently, green development has become a crucial urban development strategy for China to ensure the coordinated development of the environment and economy (Zeng and Wu, 2020).
Initially, energy transition and pollution reduction were emphasized in the process of urban green development (Carlo Carraro et al., 2012). Hence, scholars attempted to evaluate green development by constructing a comprehensive index system (Godlewska and Sidorczuk-Pietraszko, 2019; Xiao et al., 2022). The indicators in the system include carbon dioxide emission (Wang and He, 2022), sulfur dioxide emission (Wang F et al., 2019), nitrogen dioxide emission (Liu Y et al., 2022), the amount of industrial wastewater discharged (Zhao et al., 2021), industrial smoke discharge (Wang M et al., 2019), etc. With the emergence of the “New Urbanism”, the links between the economy, environment and society became the focus of urban green development (White and Ellis, 2007). As a result, measuring the urban green development purely from the perspective of pollutant emissions has been gradually abandoned, and scholars began to consider the coupling effect of economy, environment, and society. The common methods are data envelopment analysis (DEA) including super-efficient Slack Based Model (SBM) (Ding et al., 2022), the Energy Based Model (EBM) (Yang et al., 2022), stochastic Frontier analysis (SFA) (Shui et al., 2015), and stochastic non-parametric data envelopment analysis (StoNED) (Luo, 2022).
In recent years, elements such as human welfare, social welfare, equity, sharing, and integration have been incorporated into the research area of green development, which further expands the breadth and depth of green developmental research (UNEP, 2011). Based on the theory of “Ecology of Human Welfare,” Wells points out that the pursuit of short-term economic and other benefits comes at the expense of long-term environmental losses that may eventually overshadow those benefits. In other words, the pursuit of one type of welfare endangers another (Wells, 1993). Wang et al. (2022) studied the level of green development in Chinese industry from the perspective of environmental welfare efficiency (EWE). They found that Industrial Productivity Efficiency (IPE) is much higher than EWE and that the improvement of EWE will be the key to the green transformation of Chinese industry (Wang and Li, 2020). Huang L et al. (2021) explored the impact of the sharing economy on green development based on the evolutionary game. The results show that the resource-sharing development model was more likely to achieve the equilibrium of the environmental game between firms and consumers than the factor input development model (Huang L et al., 2021).
On the other hand, studies on urbanization and economic development are more well documented (Henderson, 2003; Bloom et al., 2008; Dutt and Jaime Ros, 2008) and research on the relationship between urbanization and green development provides theoretical and practical value for quality urban development. At the same time, the urbanization process is a systematic evolution and expansion process, a multidimensional concept that includes not only population urbanization, but also land urbanization and industrial urbanization. Existing studies have mainly explored the impact of a particular aspect of urbanization on GDE, for example, Zhu et al. (2019) studied the impact of industrial restructuring on GDE and concluded that both rationalization and advancement of industrial structure have a positive impact on GDE. Yanhua Guo et al. (2020) studied the impact of industrial agglomeration on green development and found a u-shaped relationship between industrial agglomeration and green development in Northeast China from 2003 to 2016. Some studies have also focused on the relationship between different elements and regional green development. Wang Z et al. (2022) analyzed the relationship between regional integration on urban green development efficiency (UGDE) in China, thus finding a spatial spillover effect of regional integration on UGDE. Zhang et al. (2018) found that technological innovation enhances UGDE and showed that there are regional and administrative level differences in UGDE. Feng and Chen, (2018) analyzed provincial GDE using a spatial Durbin model and found that different environmental regulations can have different effects on industrial GDE in China.
At present, China has proposed a series of new energy development and environmental intervention policies to promote urban green development. However, there is no evidence to support the impact of urban development on the GDE under China’s macroeconomic policies at present. In addition, the existing researches still have the following deficiencies: (1) There is no unified index system to measure the urban GDE. (2) Generally, only the impact of urban industrial development on GDE is considered, while that of population inflow and urban expansion is ignored. (3) Most empirical studies focus on green development at the provincial level, with little evaluation of green development at the municipal level. To fill the research gap, this paper takes 41 cities in China’s Yangtze River Economic Belt (YREB) city cluster as the research object. First of all, the index system of urban GDE is constructed based on the previous research. Second, SBM is used to obtain the urban GDE. Next, we use Tobit regression to examine the impact of three dimensions of urban development, namely, population urbanization, land urbanization, and urban industrial development, on GDE. In the end, the heterogeneity of GDE in different regions of YREB was analyzed. This study makes the following two contributions to the research related to urban green development. First, the measurement dimension of urban development was extended, which includes urbanization rate, urban built-up area rate, rationalization of industrial structure, and advancement of industrial structure. Second, we provide a comprehensive interpretation of the green development of the core cities in China’s YREB and propose strategies for future development.
This study is divided into three steps and the research framework is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Research framework.
The rest of the research is organized as follows. The second part provides information on the GDE measurement technique, the urban development indicator system, an integrated approach to examining how urban development affects GDE, and data. The third part reports the results of the empirical analysis. The fourth part discusses the calculation results and puts forward some policy recommendations. The fifth part is the main conclusion of this paper.
2 MATERIALS AND METHODS
2.1 Index system
2.1.1 Indicators of urban development
Previous studies only consider the impact of urban industrial development on GDE (Guo et al., 2020), but ignore other elements of urban development. For instance, population urbanization and land urbanization also affect the GDE. Based on the comprehensive consideration of the impact of urban development on green development and the existing urban development evaluation (Li et al., 2020), in addition to urban industrial development, population urbanization and land urbanization are also selected to measure urban development in this paper.
2.1.1.1 Population Urbanization
Population urbanization is measured by urbanization rate (UR), which is the proportion of the urban resident population to the total resident population in a certain country or region. It reflects the process and degree of population concentration in the urban area. The calculation formula is as follows.
[image: image]
Where UP represents the urban resident population in a certain city, RP represents the rural resident population.
2.1.1.2 Land Urbanization
Land Urbanization is a process of land use transformation in the urban area. In this paper, the built-up area rate (BAR) is used to measure land urbanization, which is the proportion of built-up area in the urban area. It reflects the extent of urban expansion. It is expressed by the formula as follows.
[image: image]
Where, BA represents the built-up area in a certain city, [image: image] represents the area of the city.
2.1.1.3 Urban industrial development
Inspired by previous studies (Kraftova et al., 2016; Yu, 2017), this paper introduces the rationalization of industrial structure (RIS) and advancement of industrial structure (AIS) to measure urban industrial development. RIS and AIS portray the adjustment of industrial structure from two dimensions. RIS refers to the aggregate quality of the organic connection between industries. On the one hand, it is a response to the degree of coordination on the scale of production between industries; on the other hand, it is also a reflection of the degree of rational utilization of production factors. Using the method proposed by Ivana et al. and Gan et al. to measure the RIS, its formula is as follows.
[image: image]
Where Y represents the output value, L represents the number of employees, and i represents industry i, which is divided into primary, secondary, and tertiary industries. It can be seen that the larger the RIS, the more reasonable the industrial structure.
AIS refers to the development of industrial structure from low level to high level, which is also a measure of industrial structure upgrading, specifically the development of tertiary industry (Han et al., 2017; Li et al., 2017). The ratio of tertiary sector GDP to secondary sector GDP is used to measure it, with the following formula.
[image: image]
Where, [image: image] represents the gross product of the tertiary industry in region i at time t; [image: image] represents the gross product of the secondary industry in region i at time t. The higher the value of AIS, the more advanced the industrial structure. Table 1 shows the measurement methods and units of urban development indicators.
TABLE 1 | Indicators of urban development.
[image: Table 1]2.1.2 Indicators of GDE
The measure of GDE usually adopts an input-output model, such as the DEA model and SBM model (Seiford and Zhu, 2002). However, there is no uniform standard for the selection of input and output variables. Generally, annual electricity consumption, annual electricity consumption, investment in fixed assets, capital stock, labor force, energy consumption and employment in the management of water conservancy and environment are used in input variables; industrial wastewater discharge, sulfur dioxide emissions, carbon dioxide emissions, GDP and total retail sales of consumer goods are used in output variables (Feng and Xu, 1999; Su et al, 2019; Zhang et al, 2021a; Zhang et al, 2021b). In this paper, six indicators with higher boundary contribution rates are selected to measure GDE among these indicators, as shown in Table 2. Descriptive statistics of these indicators are shown in Table A1.
TABLE 2 | Indicators of GDE.
[image: Table 2]2.2 Research method
2.2.1 SBM model
To overcome the defects of traditional models and more accurately measure the effectiveness of evaluation objects, Tone, (2001) proposed the non-radial and non-angle Slack Based Model (SBM). The results of efficiency measurement are not affected by the units used to measure input and output items. Input redundancy and output deficiency can be obtained under the premise of input minimization and output maximization at the same time. For production with m inputs and s outputs, we can obtain the possible set of production:
[image: image]
The SBM model is used to measure the efficiency of DMU ([image: image]) with m inputs and s outputs, then Eq. 6 describes the basic form of the SBM model:
[image: image]
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Where [image: image] represents the efficiency value of DMU ([image: image]), [image: image] are slack variables, respectively representing the distance of expected output and input from the efficient Frontier; λ represents the weight; The left part of the equation in the model represents the technological Frontier or the efficient Frontier, while the right part represents the path through which the DMU is transformed into the efficient Frontier. The efficiency value [image: image], the green development efficiency of the decision unit is on the effective Frontier when and only when [image: image] 1. An efficiency value less than 1 indicates that the DMU is inefficient or lacks efficiency.
2.2.2 Tobit model
Our explained variable GDE is a truncated data, ranging between 0 and 1, and any value above 1 is assigned a value of 1. By common sense it should be normal data, but variables appear censored, all of which can be studied using the Tobit model (instead of the commonly used OLS linear regression).
The Tobit model was proposed by economist James Tobin in 1958, and it is a generalization of the Probit regression model. This model, also known as the restricted dependent variable model, is an econometric model proposed for explanatory variables for which the data are either discrete distributed or partially continuous. It solves the problem of linear regression with restricted dependent variables. The model is estimated using the great likelihood method, which can better avoid inconsistency and bias problems in the parameter estimation process. The specific model expressions are as follows.
[image: image]
Where, [image: image] is the explanatory variable, [image: image] represents the explained variable, [image: image] is the regression parameter, and [image: image] is the random disturbance term (Saglam, 2018). Tobit regression is mainly selected because the green efficiency value of the SBM model is between 0 and 1. Some observed data are compressed into one point. No matter whether using the whole sample or eliminating the sub-samples of discrete points, the OLS estimators are inconsistent, while the Tobit model can overcome this problem (Ma et al., 2017).
In this study, UR, BAR, RIS and AIS are used as explanatory variables. The explained variable is GDE. Tobit regression is used to examine the impact of urban development on GDE. In order to exclude the influence of other factors, frequently used control variables are also selected in this paper. In this paper, we choose panel Tobit mixed regression model. The model is defined as shown below.
[image: image]
Where, i is city and t is year, Control is the control variable, α is the regional unobservable effect, and [image: image] is the random error.
2.3 Data
2.3.1 Research area
The paper takes the city cluster in YREB as the research object, and concentrates on 41 cities. These cities were chosen for the following reasons: firstly, they have complete statistics; secondly, their economies are relatively developed; thirdly, these cities are the main cities driving the economic development of the YREB. The upper reaches of the Yangtze River includes Chongqing, Luzhou, Panzhihua, Chengdu, Yibin, Guiyang, Zunyi, Anshun, Bijie; the middle reaches includes Huangshi, Ezhou, Wuhan, Jingzhou, Yichang, Xianning, Changsha, Yueyang, Yiyang, Nanchang, Jiujiang; the lower reaches includes Shanghai, Nanjing, Yangzhou, Zhenjiang, Suzhou, Wuxi, Changzhou City, Nantong, Taizhou, Hangzhou, Jiaxing, Huzhou, Ningbo, Shaoxing, Zhoushan, Hefei, Maanshan, Anqing, Tongling, Chizhou, Wuhu. These were chosen because they are the principal cities driving the urban YREB cluster’s economic growth. In Figure 2, their precise locations are depicted.
[image: Figure 2]FIGURE 2 | Research area.
The YREB is one of the giant river basin economic belts in China with a large population, a large industrial scale and a very complete urban system. It is a strategic location for green development spanning the eastern, central and western regions of China. The YREB is a strategic support site for China’s economic development and a major battleground for taking over the transfer of industries from coastal areas. The heavy industrial structure is characterized by a highly intensive layout of heavy chemical industries along the river, with the provinces and cities along the Yangtze River accounting for about 46% of the country’s chemical output. At present, YREB’s green development faces unprecedented problems such as industrial isomorphism, environmental pollution, low efficiency in using resources, unbalanced development, and inadequate development (Zhang et al., 2021a). On 14 November 2020, General Secretary Xi Jinping gave important instructions on the ecological and environmental protection of the YREB, to “promote the high-quality development of the YREB and write a new chapter of ecological priority and green development”. It is of great significance to promote the development of the YREB along the path of ecological priority and green development, and to build it into a green economic demonstration belt with significant national impact.
2.3.2 Data collection
The explanatory variables are UR, BAR, RIS and AIS. They are calculated by Formula 1, 2, 3, 4 respectively, and their calculation results are shown in Figures A1, A2, A3, A4. All parameters in the formula were derived from China Statistical Yearbook and the China Urban Statistical Yearbook. Among them, Y, Y1, Y2, and Y3 are converted to constant prices in 2010. The explained variable is GDE which is calculated by Formula 6. The sources of each parameter in the equation are shown in Table 2. Besides the explanatory and explanatory variables, this paper introduces control variables to capture their effects on GDE (Chen et al., 2017; Sun et al., 2018). The control variables include environmental protection, government influence, openness, innovation level, and Policy Influence. The measurement methods of these variables are shown in Table 3. Descriptive statistics of these variables are shown in Table A2.
TABLE 3 | Variables and definitions.
[image: Table 3]3 IMPACT OF URBAN DEVELOPMENT ON THE GDE
3.1 GDE of the city cluster in the YREB
The GDE obtained by SBM model is shown in Figure 3. In 2010, the GDE of the city cluster in the upper reaches of Yangtze River is low and wide-ranging, increasing from north to south, ranging from 20% to 100%; the GDE of the city cluster in the middle reaches of Yangtze River is generally high and balanced, running the gamut from 40% to 80%; and the GDE of the city cluster in the lower reaches of Yangtze River is the highest, varying from 40% to 100%. Between 2012 and 2018, the GDE of the city cluster in the upper, middle and lower reaches of Yangtze River had all been improved. Among them, the GDE of the city cluster in the upper and middle reaches of Yangtze River has greatly increased; whereas, the eastern coastline region of the city cluster in the lower reaches of Yangtze River has seen a general improvement in GDE, but little change in its western region. In 2020, the GDE of the city cluster in the upper, middle and lower reaches of Yangtze River all exhibited a decline.
[image: Figure 3]FIGURE 3 | GDE from 2010 to 2020.
According to the calculation results of GDE, in 2010, the GDE of the city cluster in the upper reaches of Yangtze River is low and spans a wide range, while the city cluster in the middle reaches of Yangtze River overall had a slightly higher level and was more evenly distributed than the upper reaches. The city cluster in the lower reaches of Yangtze River had the highest level of GDE. This result is consistent with the findings of Zhu et al. (2019). In actuality, the economic development of each province in China’s YREB is extremely uneven, with a general pattern of downward trend from east to west. The provinces and municipality in the lower reaches of the Yangtze River, including Anhui Province, Zhejiang Province, Jiangsu Province and Shanghai municipality, account for about 20%–30% of the country’s total GDP between 2000 and 2010 (Wu, 2019; Zhang S. et al., 2019) and demonstrated a long period of high growth in the future (Zhang and Wu, 2006). In addition, the coastal provinces and municipalities in the lower reaches of the Yangtze River have attracted a large number of foreign capital and foreign enterprises (Fang G. et al., 2020). These capital and enterprises have improved the technological innovation and environmental protection standards in the area (Reddy et al., 2022). According to statistics, the innovation patents of Zhejiang province, Jiangsu province and Shanghai municipality alone accounted for more than 55% of the whole YREB in China in 2017, and this proportion was higher before 2017 (Hu S. et al., 2021). On the other hand, the fortune 500 companies here all require their Chinese suppliers to meet international environmental standards such as ISO 14000 including international environmental standards and corporate social responsibility standards (Lam, 2011). Economic development and the improvement of innovation capacity and management standards form a virtuous cycle, which promotes the GDE of the city cluster in the lower Yangtze River. On the contrary, the economic level of city cluster in the upper and middle reaches of Yangtze River were relatively backward coupled with more polluting enterprises, leading to a lower level of GDE.
Between 2012 and 2018, the GDE of the YREB city clusters all received a significant boost. Some studies suggest that this phenomenon is related to the macro policies of the Chinese government (Li G et al., 2021; Li J et al., 2021; Zhang et al., 2022). Our regression results also support the idea that PI is positively correlated with GDE. An interesting observation is that our results show a significant positive correlation between GDE and PI for the city cluster in the upper and middle reaches of Yangtze River, but not in the lower reaches. This means that the GDE of the city cluster in the upper and middle reaches of Yangtze River is more dependent on national policy regulation, while the lower reaches is more a result of the inherently high standards of technological innovation and environmental protection.
Our results further point to an overall downward trend in GDE for the YREB city clusters in 2020. The latest study considered the impact of the COVID-19 epidemic and rarely included data from 2020 in the analysis. In response to the findings obtained in this paper, we believe that a plausible explanation is that while both input variables and unexpected output declined during the epidemic, expected output (GDP) declined faster than they did (Dhar, 2020). As a result, the GDE of the YREB city clusters has declined.
3.2 Impact of urban development on the GDE
First, to test the multicollinearity of the data, the variance inflation factor (VIF) test was performed, as shown in Table A3. When VIF ≥10, it is generally accepted that there is a significant multicollinearity. It can be found that the VIF values of all variables in this paper are much less than 10, so there is no strong multicollinearity among the independent variables. The tests mentioned above lead to the conclusion that Eq. 8 is applicable to the analysis of the impact of urban development on the GDE. This paper employs clustering standard error regression, and the regression results are shown in Table 4. In order to verify the reliability of the results, this paper uses a robustness test for models 2 to 5 by changing the sample size, i.e., the data for 2010 and 2020 are removed. Table A4 presents the robustness test’s findings. The results of the test are consistent with those of the original model, demonstrating the robustness and dependability of the original model’s computed outputs.
TABLE 4 | Impacts of urban development on the GDE in the YREB.
[image: Table 4]Table 4 shows the impact of urban development on GDE in the YREB. Model 1 is the regression equation of control variables on the GDE. Models 2 to 5 display the regression results with various explanatory factors respectively. Among them, BAR (B = 0.8606, p < 0.01), RIS (B = 0.6309, p < 0.01) and AIS (B = 0.0650, p < 0.05) are significantly and positively correlated with GDE. It shows that the increase of urban land use as well as the optimization and upgrading of industrial structure will promote the efficiency of urban green development. On the other hand, UR (B = −0.1046, p < 0.01) is significantly and negatively correlated with GDE. It shows that the efficiency of urban green development will decline with the growth of urban population.
4 HETEROGENEITY TEST
Since there are some differences in the industrial structure, economic development level, scale of infrastructure construction and government management between the city cluster in the upper, middle and lower Yangtze River (Li-ming et al., 2022; Xie et al., 2022), heterogeneity analysis was conducted in this article. The regression results are presented in Tables 5, 6, 7, respectively.
TABLE 5 | Impact of urban development on GDE in the upper reaches of the Yangtze River.
[image: Table 5]TABLE 6 | Impact of urban development on GDE in the middle reaches of the Yangtze River.
[image: Table 6]TABLE 7 | Impact of the urban development on GDE in the lower reaches of the Yangtze River.
[image: Table 7]Table 5 shows the regression results for the city cluster in the upper reaches of Yangtze River. The findings demonstrate a significantly and negative correlation between UR (B = −0.4763, p < 0.01), BAR (B = −3.8982, p < 0.01), RIS (B = −2.6822, p < 0.1), and AIS (B = −0.1496, p < 0.01). It shows that the growth of urban population, the increase of urban land use, the optimization of industrial structure and the upgrading of industrial structure will all inhibit the efficiency of urban green development in the upper reaches of the Yangtze River.
The regression results of the city cluster in the middle reaches of Yangtze River are displayed in Table 6. The findings reveal a significantly and negative correlation between UR (B = −0.4158, p < 0.01), BAR (B = −1.3416, p < 0.01), and RIS (B = −1.6735, p < 0.01), but AIS is not significant at the level of 10%. Different from the upper reaches of the Yangtze River, the upgrading of urban industrial structure has no significant impact on the urban green development efficiency in the middle reaches of the Yangtze River, while the growth of urban population, the increase of urban land use and the optimization of industrial structure still inhibit the urban green development efficiency.
Table 7 presents the regression results for the city cluster in the lower reaches of Yangtze River. The results revealed that BAR (B = 0.7014, p < 0.05), RIS (B = 0.3763, p < 0.05) and AIS (B = 0.0949, p < 0.01) are significantly and positively correlated with GDE; while UR is not significant at the 10% level. It shows that the increase of urban land use as well as the optimization and upgrading of industrial structure in the lower reaches of the Yangtze River has the opposite effect on the urban green development as that in the upper and middle reaches, that is, they will promote the efficiency of urban green development. However, the increase of urban population has no significant impact on the efficiency of urban green development.
The UR and BAR of the city cluster in YREB demonstrate a significant negative correlation with GDE, indicating that population urbanization and land urbanization may generally inhibit the GDE. This phenomenon is particularly notable in the city cluster of upper and middle Yangtze River. Since 2010, land financing has played a significant role in generating these cities' tax revenues (Gu C et al., 2017), which has led to an increase in the rate of land urbanization. The accelerating pace of land urbanization has caused it to outpace economic growth (Chen M et al., 2013). In addition, in 2014, the Chinese government proposed the National New Urbanization Plan in order to increase the rate of population urbanization between 2014 and 2020. The urban population growth and urban area expansion increased the demand for land, water, electricity, coal, oil and natural gas, and also generated large amounts of urban waste and pollutants, thus increasing the environmental burden (Yao J et al., 2021). Finally, economic development and environmental capacity failed to afford the increase of energy consumption and pollution discharge caused by population urbanization and land urbanization, which led to the decrease of the GDE. This conclusion is similar to the findings of foreign studies. A series of studies have pointed out that uncontrolled urban expansion and green growth do not work well together. There is a clear negative correlation between population density and greenhouse gas emissions (Hoornweg, 2010; Kennedy, 2011; Khan, 2006). Typical examples are Atlanta and Barcelona, two cities with the same population but with a 28-fold difference in population per hectare and a four-fold difference in per capita greenhouse gas emissions. Cities with reasonable urban sprawl (e.g., Curitiba, Barcelona, Singapore) have significantly lower emissions per capita compared to cities with sprawl such as Albuquerque, Atlanta or Los Angeles (Zenghelis 2013). Conversely, unlike the cities in upper and middle reaches, the UR of the city cluster in the lower reaches of Yangtze River does not have a significant impact on the GDE. One plausible explanation is that the highly qualified personnel attracted by these cities indirectly affected GDE, such as indirectly improving the growth of regional economies and reducing management costs. Meanwhile, the GDE of the city cluster in the lower reaches of Yangtze River was improved in the process of land urbanization, and this finding is consistent with Li et al. (2022). In fact, Zhejiang Province, Jiangsu Province and Shanghai municipality in the lower reaches of Yangtze River have been the leaders of green development in China (Shan and Bi, 2012). The State Council has successively put forward some policies to improve urban green supporting facilities and urban landscaping in these regions since 2016, such as the Yangtze River Delta Urban Agglomeration Development Plan (2016) and the Yangtze River Delta Ecological and Green Comprehensive Development Demonstration Zone (2019). Therefore, these cities gave more consideration to environmental and ecological protection in the early days. These cities pay more attention to environmental and ecological protection in the process of land urbanization.
Several researches have revealed that both RIS and AIS show a significant positive correlation with GDE. These studies contend that along with the change in the driving force of economic development, there is a free flow of production factors between industries, such as labor and capital. This process will lead to the dynamic optimization of industrial structure, which is called the RIS (Jin and Li, 2013). At the same time, the industrial structure will gradually shift from the primary industry to the secondary and tertiary industries, and the industrial type will increasingly transform from labor and capital intensive industries to technology and knowledge intensive, that is, the AIS (Peneder, 2002). Through RIS and AIS, traditional industries with high energy consumption, low production capacity, and high pollution will be gradually replaced by new industries with high added value, high yield, and low pollution, thus increasing the GDE (Liang G et al., 2021). Using data from the United Kingdom, Jan Eeckhout shows that if large cities are energy-efficient ways of generating output, energy efficiency can be improved by encouraging urbanization and thus green living. In addition to the inherent impact of RIS and AIS on the GDE, the Chinese government has vigorously supported new energy and environmental industries during the 12th (2011–2015) and 13th (2016–2020) Five-Year Plans to address the impact of environmental pollution and climate change. According to statistics, the share of clean energy consumption in total energy consumption in China rises from 13.0% to 24.3% between 2011 and 2020. Meanwhile, China’s annual investment in environmental industries is about RMB 100 billion (Zhao., 2010). Therefore, in general, the industrial development of the city cluster in YREB will promote GDE. However, the results of our heterogeneity analysis found the opposite effect in the city cluster of upper and middle Yangtze River. In fact, the industrial structure of these cities is often low and relatively backward. It is difficult to ensure the matching of industrial development and resource structure when industrial adjustment is implemented blindly (Tang, 2019). What is more, it may absorb some enterprises with high energy consumption and low efficiency (Guo et al., 2020). Although the local government will regulate these enterprises, after comprehensively weighing the benefits of economic development and environmental protection, they are still inclined to choose deregulation to achieve economic growth (Wang and Shen, 2016).
The limitation of the study is that due to the availability of data, no mechanism testing was performed. It is also possible that urban growth is unplanned due to accidents such as natural disasters, and its impact on urban green development is unknown. Future studies could explore this issue in more depth. We hope you are satisfied with our modifications and explanations.
5 CONCLUSION
This research first constructs an index system of GDE. Then, we measure the GDE of the city cluster in YREB by SBM from 2010 to 2020. Finally, the Tobit model is used to measure the impact of urban development elements, namely, population urbanization, land use urbanization, and urban industrial development, on GDE and perform a heterogeneity analysis. The conclusions reached are as follows.
(1) Through the measurement, we discover that the GDE of the city cluster in YREB has generally been improved. Between 2010 and 2018, the GDE of the city cluster in YREB has improved, but in 2020, the GDE of the city cluster in YREB decreased.
(2) The policy has led to a general improvement in the GDE of the city cluster in YREB based on the second column of the full sample regression results.
(3) From the regression results of the upper and middle reaches of the Yangtze River, we can see that blindly promoting population urbanization and land urbanization can inhibit the GDE.
(4) The RIS and AIS have contributed to the GDE. However, the results of our heterogeneity analysis found that RIS and AIS of the city cluster in the upper and middle reaches of the Yangtze River showed a significant negative correlation with GDE to different degrees.
Based on these findings, the following suggestions are made.
First, a good policy can only realize its value if it is implemented properly. Accelerating the formation of green production methods and promoting the overall green transformation of economic and social development requires the implementation of cleaner production, the implementation of the basic state policy on resources and protection of the environment and the new environmental protection law.
Second, it is essential to avoid the situation that the economic development and environmental capacity failure to afford the increase of energy consumption and pollution discharge in the urban city. Hence, local governments need to promote energy transformation, increase environmental protection efforts and attract top-tier talent.
Finally, the promotion effect of RIS and AIS on the GDE, is a dynamic and slow process and requires a certain industrial foundation. If the relevant policies do not match the current industrial structure, the blind promotion of industrial restructuring will lead to a decrease in the GDE. The Chinese government needs to adopt industrial structure upgrading according to local conditions, respect the heterogeneity of green development in different cities. Formulate targeted and focused policy measures and focus on the development of a well-balanced economic and industrial structure. Avoid ‘pulling out the seedlings’ and ‘one-size-fits-all’ approach. At the same time, cities with high GDE should play a good role in demonstration and leadership, and cities with low GDE should be given more support in industrial transfer and environmental protection.
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Input Index n Capital stock Zhang et al. (2004) 10,000 RMB
2 Labor force National statistical data 10,000 people
3 Energy consumption National statistical data 10,000 tons

Output Index o1 GDP National statistical data 10,000 tons
02 Sulfur dioxide emissions National statistical data 10,000 tons
03 [ Carbon dioxide emissions | Deng, (2016) 10000 R

*National statistical data include China Statistical Yearbook and the China Urban Statistical Yearbook for 2010-2020.
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