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Since the 21st century, the world has increasingly focused on the issue of sustainable development, and the green transformation issues have become a new hot topic worldwide. Green and low-carbon transformation has become an international consensus. Urban agglomerations are important connections between urban development and regional coordination, as well as important spatial carriers for economic activities. They are not only the main source of carbon emissions, but also the main battlefield for energy conservation and emission reduction. As an important field for carbon reduction, the green transformation of cities is crucial for achieving the “dual carbon” goals. This article focuses on 48 cities in the three most mature and influential urban agglomerations in China from 2011 to 2019, namely, the Beijing-Tianjin-Hebei urban agglomeration, the Yangtze River Delta urban agglomeration, and the Pearl River Delta urban agglomeration. The three-stage DEA model and Malmquist index model are used to measure the green transformation efficiency of the three urban agglomerations from both dynamic and static perspectives, and a Tobit regression model is constructed to explore the influencing factors of green transformation efficiency in urban agglomerations. Research has found that: 1) From a static perspective, the overall efficiency of green transformation in the three major urban agglomerations is at a high level, but from a temporal perspective, it shows a downward trend. The Pearl River Delta urban agglomeration is known for its green development, with the highest average efficiency of green transformation, followed by the Yangtze River Delta urban agglomeration. The Beijing-Tianjin-Hebei urban agglomeration has the lowest level of green transformation; 2) From a dynamic perspective, technological progress is the main driving factor for improving the efficiency of green transformation in the three major urban agglomerations. Therefore, the government should pay special attention to the progressiveness of technology when formulating relevant policies to promote urban green transformation; 3) From the perspective of spatiotemporal differences, there are significant differences in the spatiotemporal characteristics of green transformation among the three major urban agglomerations, and there are significant differences in green transformation strategies among different urban agglomerations. Eliminating environmental factors and random interference is necessary for accurately measuring the efficiency of green transformation in urban agglomerations; 4) From the perspective of influencing factors, factors such as industrial structure upgrading, green innovation level, and environmental regulation intensity jointly affect the efficiency of green transformation in urban agglomerations. Based on this, we should pay attention to the differences between urban agglomerations and implement policies tailored to local conditions; Strengthen the network system of urban agglomerations and avoid conflicts between cities; Encourage green technology innovation, accelerate industrial structure upgrading, and so on. This article focuses on the issue of green transformation in urban agglomerations, and conducts research from three perspectives: efficiency measurement, influencing factors, and implementation mechanisms. A relatively systematic theoretical framework for green transformation in urban agglomerations is formed, and an evaluation index system for green transformation efficiency in urban agglomerations is constructed and optimized. The composition mechanism of the five dimensional evaluation system for transformation efficiency is analyzed, and the bottleneck and breakthrough direction of the three major urban agglomerations in China in the development process are grasped. It has a good demonstration effect on the green transformation of other urban agglomerations.
Keywords: urban agglomerations, green transformation, efficiency measurement, influencing factors, low carbon development
1 INTRODUCTION
Today China’s economic development has entered the New Normal, facing the challenges of speed change and structural adjustment. Economic development is hard constrained by resources and environment. The old model of “high input, high pollution” is no longer suitable for the challenges of high-quality development in the new era of China, and does not conform to China’s image of a big country that is responsible for the world and ecology. In the process of globalization, previous studies revealed the distinct possibility that the 21st century will witness an urbanization—primarily in developing countries—that proceeds on a scale more massive than has ever been seen before (Masanobu Kii, 2021), suggesting that alternative urban-policy strategies may be needed for long-term sustainability. China has realized that as a major economic development country and energy consuming country, it needs to shoulder greater responsibilities. The importance and urgency of green transformation are self-evident, and exploring the path of China’s green transformation is urgent.
Transformation is one of the important branches of development economics research, and the topic of transformation has been the most concerned research focus in the entire economic community for nearly half a century. Both the” Transition and Economics “written by a Belgian economist Gérard Roland (2002), and the” Theory of Transformation and Development “written by a Chinese economist Li Yining (1996) have provided a relatively complete description of the relevant issues of transformation. In the early stages, discussions on urban transformation often emerged alongside research on economic system transformation. Stark and Bruszt (1998) linked urban transformation with a large-scale process of institutional change, in fact referring to the transformation of economic system patterns. However, in recent years, there have been development constraints on resources and environment around the world, especially when the financial crisis affected the development of some resource-based cities. Not only has the development of traditional resource-based cities been difficult, but also the development of some economically sustainable cities has been frequently hindered. Therefore, the concept of green development and green transformation is gradually emerging, becoming a new breakthrough in urban economic development. Zhu Yuan (2020) pointed out that green transformation is a break from the previous model of relying solely on material scale extension to drive economic development. Instead, it constantly changes the trend of economic development while ensuring a good ecological environment. Li Zuojun (2012) believes that green transformation will become a new economic development model, shifting from resource waste and ecological environment destruction to a model of resource recycling and ecological environment friendly development. Collier et al. (2013) conducted research based on urban climate characteristics, urban facility utilization, and constraints on urban expansion, and pointed out that the use of collaborative methods can promote green and sustainable development of cities. Artmann et al. (2019) analyzed the limitations of spatial transformation on urban green development and proposed that the expansion of cities can be constrained by developing compact cities. At the same time, some foreign institutions, including Siemens (2019), have established the “Green City Index” to measure the green level of urban environmental development by dividing it into specific indicators such as carbon dioxide concentration, energy, transportation, waste, water, air, etc., and have launched tools to measure the green level of urban environmental development. Pan Haozhi et al. (2024a) examine the impacts of polycentricity as well as features of its spatial configurational on urban agglomeration efficiency, and develop an IRT-LI method to identify urban centers and sub-centers. And there are still the following areas that need to be expanded: In terms of research objects, there is a lack of comparison between multiple urban agglomerations, and there is no intersection, mixing, or integration of factors from different fields to obtain the effects, influencing factors, and specific paths of urban green transformation; In terms of research methods, common methods such as spatial Durbin model, SBM-DEA model, and DDF-SBM cannot eliminate external environmental and statistical noise interference factors in urban green transformation (Yuan Huaxi, 2020), and there is controversy over the reliability and authenticity of evaluation results; In terms of research content, the existing evaluation index system is not yet perfect.
Urban agglomerations utilize the advantages of agglomeration factors to achieve economic growth, but have not yet changed the previous inefficient and highly polluting extensive development model. Behind economic growth is the waste of resources and the displacement of the ecological environment (Jamsson A, 2013; Guo Yanhua et al., 2020). The economic benefits are often obvious, but the problem of ecological degradation accumulates over time, which reflects the importance of addressing the contradiction between economic development and environmental protection in urban agglomerations (Verhoef and Nijkamp, 2002). The relationship between environmental damage and urban agglomeration is a complex theoretical and empirical issue, on the one hand, urban agglomeration advantages may favour environmental quality, city size is by no means a negative predictor of environmental quality (Kourtit et al., 2020). On the other hand, agglomeration provides a key mechanism for the success of manufacturing, but it also generates negative environmental externalities (Pan Haozhi et al., 2024b). With external capital investment, significant resource consumption, transportation infrastructure installation, and the migration of environmentally polluting enterprises, it is more likely to exacerbate the pressure on regional ecosystems, leading to increasingly serious problems such as environmental pollution, land scarcity, and carbon emissions, resulting in more severe ecological externalities (Huang Yin et al., 2020b; Zhong Jing et al., 2021). At present, China has planned to construct 19 urban agglomerations, among which the three major urban agglomerations of Beijing-Tianjin-Hebei urban agglomeration (BTH), Yangtze River Delta urban agglomeration (YRD), and Pearl River Delta urban agglomeration (PRD) are in a leading position in the development of urban agglomerations in China. They are the most densely populated, economically developed, and well-constructed regions in China, representing the current level and future development direction of urban agglomerations in China. Studying the efficiency and influencing factors of its green transformation can objectively and accurately grasp the bottlenecks and breakthrough directions of China’s three major urban agglomerations, which has a good demonstration effect on the green transformation of other urban agglomerations (Yang Yuying et al., 2019; Fan Fei et al., 2021). This article focuses on the issue of green transformation in urban agglomerations, and conducts research from three perspectives: efficiency measurement, influencing factors, and implementation mechanisms. A relatively systematic theoretical framework for green transformation in urban agglomerations is formed, and an evaluation index system for green transformation efficiency in urban agglomerations is constructed and optimized. The composition mechanism of the five dimensional evaluation system for transformation efficiency is analyzed, and the bottleneck and breakthrough direction of the three major urban agglomerations in China in the development process are grasped. At the same time, it also provides a reference for the world to apply relevant theories to solve national practical problems, thereby improving the competitiveness and ecological environment of urban agglomerations, developing the economy and revitalizing them.
2 MATERIAL AND METHODS
2.1 Model construction

(1) Three-Stage DEA Model
The three-stage DEA method was proposed by Fried et al. The essence of the model is to initially measure the efficiency of the research object in the first stage, and then introduce SFA regression analysis to isolate the impact of Confounding, so that the real efficiency value of green transformation can be measured in the third stage.
Stage 1: Traditional DEA-BCC model.
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Where [image: image] represents the decision-making unit, θ evaluate the efficiency of green transformation for each decision-making unit, X and Y are input and output variables, respectively. S+ is the relaxation variable, S− is the output relaxation value, λj is the weight variable, ε represents a non Archimedes Infinitesimal. When θ = 1, S+ = S− = 0, indicating that the decision unit DEA is effective; When θ = 1, S+≠ 0 or S− ≠ 0 indicates that the decision unit is weakly DEA efficient, meaning that the decision unit DMU is close to the optimal resource allocation; if θ < 1, indicating that the decision-making unit is not DEA effective.
Stage 2: Similar to SFA model.
[image: image]
Among them, Snm is the input relaxation variable, fm(zn, βm) is the corresponding random frontier function, and zn=(z1n,z2n, … zkn)represents external environmental factors, βm is the corresponding coefficient; vnm + unm is a mixed residual term, vnm representing random error and vnm [image: image] N(0, δmv2), unm representing management inefficiency and unm [image: image] N+(μm,δmu2), unm and vnm are independent of each other.
Since Fried did not explicitly give a formula for separating management inefficiency terms in his research, this paper uses the management inefficiency formula proposed by Jondrow (2012) to calculate the Estimator of unm and vnm. The separation formula is obtained as follows: γ = σ2u+σ2v/σ2u, the closer the γ is to 0, the greater the impact of random error; The closer the γ is to 1, the greater the impact of management inefficiency.
Stage 3: Adjusted DEA model. By applying the DEA-BCC model again to calculate the efficiency of the input variables and original output variables adjusted by SFA regression, the actual value of the green transformation efficiency of urban agglomerations, excluding external environmental factors and random errors, can be obtained. At this time, the actual efficiency value calculated is more rigorous and accurate compared to the results of the first stage.
(2) Malmquist Index Model
Due to the limitations of the three-stage DEA model, it is not possible to measure the dynamic trend of cross cycle efficiency values of decision-making units. Based on this, the Malmquist index model is introduced to evaluate the dynamic efficiency of green transformation in urban agglomerations.
According to the Malmquist index decomposition method proposed by Fare et al. (1994), if there are r decision units, t+1 periods, Xrt represents the input level of decision unit r in period t, Yrt represents the output level of decision unit r in period ([image: image]), and Drt (Xrt+1, Yrt+1) represents the DEA efficiency of decision unit r in period t+1 calculated based on time t, the Malmquist index model from period t to period t+1 is defined and decomposed as follows:
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(3) Tobit Model
The Tobit model, also known as the truncated regression model or censored regression model, can be used as a type of limited dependent variable regression due to some observations having values of 0, although the values of the dependent variable are generally continuous numerically. Restricted dependent variable regression can be used to determine whether a specific dependent variable is related to another specific observation, and can determine whether the dependent variable will be affected by other factors based on these observations. This model was first proposed by James Tobin, the Nobel laureate in economics. At first, it was only used to analyze the expenditure of household durable goods. Later, it was gradually expanded to a variety of situations and was widely used.
The basic form of the Tobit model is as follows:
[image: image]
In this equation, Yi is the restricted dependent variable of the i group of samples, and Xi is the explanatory variable, β is a vectorized expression of variable parameters, where the random disturbance term μi follows a normal distribution, [image: image].
The model can also be simplified as follows:
[image: image]
2.2 Variables and data

(1) Sample Selection
By 2019, the planning and layout of 19 urban agglomerations in China have been completed, and a new regional development model with urban agglomerations as the core for growth has been gradually implemented. Among them, the BTH, YRD, and PRD, relying on their unique geographical advantages and political preferences, have developed ahead of other urban agglomerations and become the most international and representative urban agglomerations in China. The BTH, YRD, and PRD are pioneers in China’s development. They have a clearer definition of concepts and policy planning, and have relatively close cooperation in various aspects such as actual economy and technology. Compared to other urban agglomerations that are in the planning or concept proposal stage, selecting these three major urban agglomerations as research objects is representative. Therefore, based on the national planning and the actual development of the eastern coastal urban agglomeration, this paper selects 48 cities in the BTH, YRD, and the PRD as the research objects, as shown1 in Figure 1.
(2) Indicators and Data Sources
[image: Figure 1]FIGURE 1 | Geographical distribution map of the three major urban agglomerations in China.
Based on the existing research results and the dynamic behavior perspective of the implementation of green transformation in the three urban agglomerations, this paper determines the input variables of green transformation in the three urban agglomerations from the three dimensions of human investment, capital investment and land investment. These dimensions are represented by three indicators: total green investment, total green talents and green area.
Based on the basic connotation of the concept of green transformation, and ultimately realize the harmonious development of human, nature, economy and society, the output variables of this study are determined from five dimensions, including economic growth, industrial transformation, resource conservation, environmental friendliness and people’s livelihood improvement. In this study, seven indicators are used, namely, GDP growth rate, the proportion of added value of the tertiary industry, energy consumption per unit of GDP, per capita disposable income of urban residents, per capita green space area of urban parks, sulfur dioxide emissions and comprehensive utilization rate of industrial solid waste, which represent the above dimensions.
As for environmental variables, considering the impact of external factors such as economic and social factors, economic structure, energy consumption structure and technological innovation level are selected as the external environmental variables affecting the green transformation of urban agglomerations. These external variables are measured by three indicators: the proportion of added value of the secondary industry, the proportion of coal consumption in comprehensive energy consumption, and the number of patents approved per capita.
Therefore, the green transformation efficiency evaluation system of the three urban agglomerations preliminarily constructed in this paper is shown in Table 1. The selection of indicators follows the principles of comprehensiveness, balance, rationality and availability.
TABLE 1 | Index system for measuring green transformation efficiency of three major urban agglomerations in China.
[image: Table 1]Considering the completeness and availability of data, as well as the significant impact of the pandemic fluctuations on research data from 2020, this article selects statistical data from the three major urban agglomerations in China from 2011 to 2019. The relevant data in the study comes from the statistical systems of various levels of government in China, including the China Urban Statistical Yearbook, Provincial Statistical Yearbook, Urban Statistical Yearbook, and National Economic and Social Development Statistical Bulletin. Some missing data is supplemented using interpolation method. Some index data are indirect data, which are calculated from the original data (Table 2).
TABLE 2 | Indicator calculation formula.
[image: Table 2]In scholars’ research on the influencing factors of urban green transformation, it is generally believed that factors such as industrial structure, technological progress, and institutional environment are closely related to urban green transformation. The industrial structure upgrade can further promote regional coordinated green development and high-quality development (Li Zihao and Mao jun, 2018; Peng Jizeng et al., 2020). Green innovation level is conducive to promoting the development of green economy in cities (LOREK S, 2014; Feng et al., 2019). Environmental regulatory measures will significantly increase the operating costs of enterprises, resulting in a “crowding out effect” and ultimately inhibiting urban green transformation (Yin et al., 2015). A sound infrastructure construction is the prerequisite and foundation for promoting urban green transformation (Wang et al., 2022). Most developed countries will transfer local high energy consuming and high emission enterprises to developing countries to suppress regional green development (Wu Chuanqing and Song Xiaoxiao, 2018). Referring to these studies and based on the principle of accessibility of statistical data, this article selects 5 influencing factors from two aspects: government dominant factors and objective environmental factors for analysis. From the perspective of government management, the upgrading of industrial structure, the level of green innovation, and the intensity of environmental regulations are selected as the government leading factors affecting the green transformation of urban agglomerations. From the perspective of external environment, infrastructure construction and the degree of openness are selected as objective environmental factors affecting the green transformation of urban agglomerations.
The key variables selected in this article are as follows (Table 3):
① Explanatory variable: urban green transformation. Measure the static efficiency value of green transformation in urban agglomerations.
② Explanatory variable: a. Industrial structure upgrade (ISU). Measured by the proportion of the tertiary industry in the city’s GDP. b. Green innovation level (GIL). Measured by the number of R&D personnel in the city. c. Environmental regulation intensity (ERI). Measured by the amount of industrial wastewater discharge in the city. d. Infrastructure construction (IC). Measured by the per capita postal and telecommunications business volume in the city. e. The extent of openness to the outside world (FDI). Measured by the total amount of foreign direct investmentin cities.
TABLE 3 | Explanation of influencing factors and variables.
[image: Table 3]3 EMPIRICAL RESULTS
3.1 Static efficiency evaluation results

(1) Comprehensive efficiency evaluation results in the first stage
Firstly, the input-oriented BCC model was used to calculate the comprehensive efficiency of green transformation in 48 cities of China’s three major urban agglomerations (Table 4).
TABLE 4 | Comprehensive efficiency of green transformation in China’s three major urban agglomerations from 2011 to 2019.
[image: Table 4]According to Table 4, among the three major urban agglomerations from 2011 to 2019, the green transformation efficiency of 48 cities in China’s three major urban agglomerations was almost all above 0.6, indicating that the overall green transformation level of the three major urban agglomerations is relatively high; Among them, the average comprehensive efficiency of green transformation in seven cities, Cangzhou, Zhoushan, Ma’anshan, Tongling, Chizhou, Foshan, and Zhongshan, reached 1, which is the highest among all comprehensive efficiency results, indicating that their green transformation level is superior to other cities. Among these seven cities with a comprehensive efficiency of 1, four are located in the YRD; Although the average efficiency values of green transformation in most cities are between 0.6 and 1, the efficiency values of Qinhuangdao City are 0.437, Baoding City is 0.572, Chengde City is 0.593, and Changzhou City is 0.479. They are the four cities with efficiency values below 0.6 among all cities. Qinhuangdao City, Baoding City, and Chengde City are located in the BTH, while Changzhou City is located in the YRD; In addition, although the overall green transformation comprehensive efficiency values of 48 cities in China’s three major urban agglomerations were relatively high from 2011 to 2019, the time trend is not optimistic. The average green transformation efficiency values of the YRD and PRD show a downward trend, while the efficiency values of the BTH have not changed much, but are at a lower level compared to the other two urban agglomerations. Overall, the PRD is known for its green development, with the highest average efficiency value of green transformation. This result has also been reflected in the research of other scholars or institutions, such as the “National New Urbanization Report 2016"; Secondly, the YRD has a similar level of green transformation to the PRD, as it covers multiple provinces and has always been a prosperous place with the highest economic output. At the same time, it is also a livable place with a good ecological environment; The BTH is centered around the two major super cities of Beijing and Tianjin, promoting the coordinated development of the urban agglomeration. However, the two cities’ dominant development has not achieved good agglomeration and central radiation effects. The above results indicate that the overall level of green transformation comprehensive efficiency in 48 cities of China’s three major urban agglomerations is relatively high, but it shows a slight downward trend in terms of time trend. Therefore, it is necessary to take more action plans to continuously improve the green transformation efficiency of cities.
Specifically, the comprehensive efficiency values of green transformation in the three major urban agglomerations from 2011 to 2019 were plotted as a line chart, as shown in Figure 2.
[image: Figure 2]FIGURE 2 | Trends in the comprehensive efficiency of green transformation in China’s three major urban agglomerations from 2011 to 2019.
There are significant differences in the comprehensive efficiency of green transformation among the three major urban agglomerations in China. Overall, the comprehensive efficiency of green transformation in the YRD and PRD is significantly higher than that in the BTH, both ranging from 0.75 to 0.9, indicating that the actual effect of green transformation in the YRD and PRD is good. However, the overall efficiency fluctuation of green transformation in the BTH is not significant, stable at around 0.73. Before 2014, the green transformation efficiency of the PRD was very high, but it began to sharply decline after reaching its peak in 2014 and reached its lowest level in 2018; The green transformation efficiency of the YRD slowly increased from 2011 to 2015, and also began to decline slightly after reaching its peak in 2015; The fluctuation trend of the BTH is not obvious. However, overall, the green transformation efficiency of the three major urban agglomerations showed a trend of first increasing and then decreasing between 2011 and 2018. However, after reaching the lowest level in 2018, the green transformation efficiency values of the three major urban agglomerations showed a significant rebound in 2019.
(2) Impacts of external environmental factors on the green transformation efficiency in the second stage
In order to eliminate the effects of random disturbances and inefficient management, and make the measured efficiency of green transformation in urban agglomerations more reasonable and reliable, the SFA method was conducted, and the results are shown in Table 5.
TABLE 5 | SFA estimation results.
[image: Table 5]The results indicate that the three relaxation variables include the total amount of green investment, the total number of green talents, and the relaxation values of green area are all greater than 0.5. Based on the influence of three environmental factors, the unilateral error LR test results are all greater than the significant values of the mixed chi square distribution test. All four models are valid, indicating that the SFA method is effective in separating environmental impacts, statistical noise, and managing inefficiency. Specifically:
1) The proportion of added value in the second industry: The coefficients of the proportion of added value in the second industry in Model 1 and Model 3 are both negative and significant at the 1% significance level, while the coefficients in Model 2 are positive and significant at the 5% significance level. This indicates that an increase in the proportion of added value in the secondary industry will lead to a decrease in the total green investment and green area, while also leading to an increase in the total number of green talents.
2) Coal consumption proportion: All coefficients of coal consumption proportion are positive and significant at the significance level of 5%. This indicates that an increase in the proportion of coal consumption will lead to an increase in total green investment, total green talent, and green area.
3) Number of patents granted per capita: All coefficients for the number of patents granted per capita are negative and significant at the 1% significance level. This indicates that with the increase in the number of patents granted per capita, the innovation level of cities can be improved, promoting technological progress and industrial upgrading, thereby reducing the investment of cities in green talents, green capital, and green land.
(3) Real efficiency evaluation results in the third stage
In the third stage, the actual efficiency values of green transformation in 48 cities of China’s three major urban agglomerations were obtained by separating the effects of inefficient management and random interference in the second stage, adjusting investment indicators, and conducting further calculations.
According to Table 6, compared to comprehensive efficiency, the actual efficiency of green transformation in 48 cities of China’s three major urban agglomerations shows a significant upward trend. The actual efficiency is almost all above 0.7, indicating that after excluding the impact of environmental factors, the overall green transformation level of the three major urban agglomerations is relatively high; Among them, Cangzhou, Shanghai, Hangzhou, Jinhua, Zhoushan, Ma’anshan, Tongling, Chizhou, Foshan, and Zhongshan have an average actual efficiency of 1 in green transformation. Among these ten cities with a comprehensive efficiency of 1, seven cities are located in the YRD.
TABLE 6 | Real efficiency of green transformation in China’s three major urban agglomerations from 2011 to 2019.
[image: Table 6]Specifically, the actual efficiency values of green transformation in the three major urban agglomerations from 2011 to 2019 were plotted as a line chart, as shown in Figure 3.
[image: Figure 3]FIGURE 3 | Trends in the real efficiency of green transformation in China’s three major urban agglomerations from 2011 to 2019.
There are significant differences in the actual efficiency of green transformation among the three major urban agglomerations in China. Overall, the actual efficiency of green transformation in the YRD and PRD is significantly higher than that in the BTH, with efficiency values above 0.85, indicating that the actual effect of green transformation in the YRD and PRD is good. Before 2014, the green transformation efficiency of the PRD was very high, but it began to sharply decline after reaching its peak in 2014 and reached its lowest level in 2018; The green transformation efficiency of the YRD slowly increased from 2011 to 2014, and also began to decline slightly after reaching its peak in 2014; The efficiency value of the BTH has been showing a serious downward trend from 2013 to 2018, reaching the lowest value of 0.782 in 2018. However, overall, after reaching the lowest level in 2018, the green transformation efficiency values of the three major urban agglomerations showed a slight rebound in 2019.
3.2 Dynamic efficiency evaluation results
The Malmquist index model was used to measure the green transformation efficiency of the three major urban agglomerations in China from 2011 to 2019. The comprehensive efficiency values and efficiency decomposition values of green transformation in 48 cities of the three major urban agglomerations in China at different periods were calculated, and the results are shown in Table 7.
TABLE 7 | Dynamic efficiency and decomposition of green transformation in three major urban agglomerations in China from 2011 to 2019.
[image: Table 7]Firstly, the average green transformation efficiency of China’s three major urban agglomerations from 2011 to 2019 was 0.982, which decreased by 1.8% on average over the past 9 years, presenting a negative growth trend. The technical efficiency value is 0.997, an overall decrease of 0.3% compared to before. The average change in technological progress is 0.984, a decrease of 1.6% overall compared to before. The average scale efficiency is 0.992, a decrease of 0.8% overall compared to before. The average pure technical efficiency is 1.005, an overall increase of 0.5% compared to before. Therefore, the change in the average value of comprehensive technical efficiency is mainly influenced by scale efficiency, and the positive impact of pure technical efficiency on comprehensive technical efficiency is offset by the decrease in scale efficiency. At the same time, the impact of changes in the technological progress index on urban transformation efficiency is much greater than the impact of technological efficiency on urban transformation efficiency. Therefore, it can be concluded that the lag of technological progress is the main reason for the decline in the comprehensive efficiency of green transformation in urban agglomerations in China.
Plot the comprehensive efficiency values and efficiency decomposition values of green transformation in 48 cities of China’s three major urban agglomerations in different periods into a line chart to grasp their changing trends. The results are shown in Figure 4.
[image: Figure 4]FIGURE 4 | Dynamic efficiency and decomposition of green transformation in three major urban agglomerations in China from 2011 to 2019.
It can be seen that in the nine periods from 2011 to 2019, the efficiency of green transformation in urban agglomerations showed an upward trend from 2012 to 2014 and from 2015 to 2016, while in other periods it remained in a downward trend. Based on the specific decomposition situation, when the technological progress index decreases or rises, total factor productivity will also experience the same decrease or increase. The trend of change in total factor productivity is almost identical to that of technological progress, but does not overlap. The reason is that the impact of changes in technological efficiency on urban transformation efficiency offsets some of the impact of changes in technological progress, The trend of the efficiency of green transformation in urban agglomerations almost entirely depends on the change index of technological progress.
From Figure 5, it can be seen that the total factor productivity of the three major urban agglomerations in China was less than 1 from 2011 to 2019, indicating that the overall efficiency of green transformation in the three urban agglomerations decreased during this period. Among them, the average tfpch of the BTH is 0.983, the average tfpch of the YRD is 0.982, and the average tfpch of the PRD is 0.983, with similar decreases. Based on the Malmquist index decomposition, from 2011 to 2019, the average change in technological efficiency of the BTH was 0.989, with the largest decrease. The average change in technological efficiency of the YRD and PRD was 0.997 and 0.993, respectively. The techch of the BTH is 0.995, while the techch of the YRD and the PRD are 0.986 and 0.99, respectively. The decline in the YRD is relatively large. From this, it can be seen that the changes in the technological progress index have a much greater impact on the efficiency of urban transformation than the impact of technological efficiency on urban transformation efficiency. The lagging technological progress hinders the improvement of green transformation efficiency in the three major urban agglomerations.
[image: Figure 5]FIGURE 5 | Malmquist index results and decomposition of three major urban agglomerations in China from 2011 to 2019.
3.3 Analysis of spatiotemporal differences
By measuring the green transformation efficiency of the three major urban agglomerations in China from both static and dynamic perspectives, it can be seen that there are significant differences in the green transformation efficiency of the three major urban agglomerations. At the same time, within each urban agglomeration area, there are differences in the green transformation efficiency of the same city at different times and different cities at the same time. By drawing spatiotemporal evolution maps of green transformation in urban agglomerations in 2011, 2015, and 2019, the spatiotemporal differences in the efficiency of green transformation in the three major urban agglomerations in China are obtained Figure 6.
(1) There is a significant difference in the efficiency of green transformation among different cities within urban agglomerations. From a regional perspective, each city exhibits different green transformation efficiency. In the BTH, in addition to mature cities such as Beijing and Tianjin, there are also resource-based cities like Cangzhou that have achieved good results in green transformation. Since the official proposal of the “12th Five Year Plan” to promote the integrated development of BTH and create the capital economic circle, Beijing and Tianjin have been important engines for the coordinated development of the BTH, playing an important role in the fields of economy, healthcare, education, transportation, etc. As an advantageous resource-based city, Cangzhou City has issued multiple policy documents since 2011, focusing on regional characteristic industries, seizing opportunities for green transformation and development, guiding relevant industry enterprises to implement energy-saving technology upgrading and transformation, improving energy efficiency levels, and promoting the green and low-carbon transformation and development of traditional industries. In the YRD, besides mature cities such as Shanghai, Suzhou, and Hangzhou, there are also resource-based cities such as Ma’anshan and Tongling that have good green transformation effects. It is worth mentioning that Nanjing, as an economically advantageous city in the YRD, has a relatively unsatisfactory green transformation effect. The backward technological progress is the main reason for the decline in the comprehensive efficiency of green transformation in China’s urban agglomerations. Therefore, in the future, Nanjing should increase research and development, invest in technology, and allocate financial resources reasonably to promote the green transformation of the city. At the same time, there are currently 6 cities in the YRD with green transformation efficiency values below 0.7. The economic development level of these cities is relatively low, and there is significant redundancy in the investment of capital and labor, so the level of green transformation is relatively low. In the PRD, except for Huizhou and Dongguan, the green transformation efficiency of other cities is above 0.7. The overall green transformation situation of the PRD is good, and the internal differences are not significant. The PRD has always relied on the developed tertiary industry to achieve rapid economic growth, with a relatively light industrial structure, intensive innovation factors, and pursuit of green development. Therefore, the overall level of green transformation in the PRD is relatively high. From this, it can be seen that there may be significant differences in green transformation strategies among different cities. Some cities actively respond to the development direction of national green transformation, striving to achieve economic growth while ensuring environmental sustainability, while some cities pay more attention to economic growth and neglect the protection of the ecological environment, which cannot fully achieve DEA effectiveness, Some cities also have low output efficiency due to excessive emphasis on ecological security and significant constraints on economic development. In summary, the reasons for the low efficiency of green transformation in different cities are heterogeneous.
(2) There are significant differences in the efficiency of green transformation among the three major urban agglomerations. From a regional perspective, it can be concluded that the overall green transformation efficiency of the three major urban agglomerations varies greatly, and each urban agglomeration has different characteristics in green transformation. In terms of vertical development trend, the green transformation efficiency of China’s three major urban agglomerations showed an overall trend of first increasing and then decreasing from 2011 to 2018. However, it achieved a slight rebound in 2019, with significant fluctuations in the PRD and YRD, while the trend of changes in the BTH was not significant; In terms of horizontal development differences, the green transformation level of the three major urban agglomerations is ranked from high to low in the PRD, the YRD, and the BTH. The green transformation efficiency of the PRD and the YRD is similar, but they are significantly higher than the BTH. This result is also reflected in the research of other scholars or institutions, such as the “National New Urbanization Report 2016". The per capita GDP of the PRD is 105,000 yuan, ranking first in the national urban agglomeration. The population agglomeration continues to increase, innovative talents continue to be introduced, and the population age structure continues to exhibit the overall characteristics of “low at both ends, high in the middle”. It has a good “population dividend” and “talent dividend”. The PRD has been leveraging the innovative research and development capabilities of Guangzhou and Shenzhen, as well as Zhuhai, Foshan, Huizhou, Dongguan, Zhongshan, Jiangmen Zhaoqing and other places have the advantage of a complete industrial chain to create advanced industrial clusters; The YRD covers multiple provinces and has been a prosperous place since ancient times. The overall advantages of the urban agglomeration are obvious, and regional development is coordinated and balanced. All dimensions demonstrate comprehensive and comprehensive strength. In addition to maintaining a consistent leading advantage in Shanghai, Hangzhou, Nanjing, and Suzhou, Ningbo, Wuxi, Hefei, Changzhou, and Nantong have also rapidly emerged as core cities, with their engine role constantly increasing and their economic aggregate ranking first, forming a regional economic pattern with complementary advantages and high-quality development. At the same time, the YRD is also a livable place. Jiangsu and Zhejiang provinces have consistently ranked among the top in terms of greenery in the country, with good air quality and a high level of green development efficiency; The BTH has always relied on the two major cities of Beijing and Tianjin to drive the development of other small and medium-sized cities in Hebei Province. Hebei Province is an industrial province with high energy consumption, high pollution, and high emissions as the main characteristics of industrial development. The industrial structure is unreasonable, the pollutant emissions are large, and energy consumption ranks among the top in the country. The emissions of pollutants such as smoke, smoke, and sulfur dioxide have long been ranked first or second in the country. Therefore, the green transformation efficiency of the BTH is relatively low. On the one hand, it may be due to the ineffective implementation of the green transformation concept, and many traditional industries have not undergone timely transformation and upgrading, resulting in slow development of the green industry; On the other hand, Hebei Province is facing many limitations in technology, funding, talent, and other aspects. At the same time, it is also facing the dilemma of transferring polluting enterprises from Beijing, which has made the transformation of many enterprises very difficult and has not yet explored a mature environmental protection path. Therefore, the level of green transformation is still at a relatively low level, and the overall efficiency of green transformation is relatively low.
(3) There is little difference in the efficiency of green transformation among the three major urban agglomerations in terms of time dimension. Compared with the difference in green transformation efficiency of urban agglomerations in the spatial dimension, the difference in the temporal dimension is relatively small. The difference in efficiency values among the 48 cities in the three major urban agglomerations during the five-year period does not exceed 0.2. At the same time, from a dynamic perspective, technological progress is the main driving factor for improving the efficiency of green transformation in urban agglomerations. The change in total factor productivity depends on the combined effect of the technical efficiency change index and the technical progress index. Based on the decomposition results of the Malmquist index at different periods, it can be concluded that the impact of technological progress changes on total factor productivity is greater than that of technological efficiency changes. The trend of changes in total factor productivity is almost identical to that of technological progress, but it does not overlap because the impact of changes in technological efficiency on total factor productivity offsets some of the impact of changes in technological progress on total factor productivity. From this, it can be seen that the change in the technological progress index has a much greater impact on the efficiency of green transformation in urban agglomerations than the impact of technological efficiency on the efficiency of green transformation in urban agglomerations. This indicates that the technological change index mainly affects the changes in the efficiency of green transformation in urban agglomerations.
(4) The efficiency of green transformation in the three major urban agglomerations is affected by environmental constraints. The impact of environmental factors on cities is mainly reflected in the differences in efficiency values before and after adjustment, which are essentially influenced by economic development, energy consumption, and technological investment. After excluding the impact of environmental variables, the efficiency values of most cities have improved. The overall efficiency of green transformation after the adjustment has improved compared to before, indicating that environmental factors at this stage have a inhibitory effect on the green transformation efficiency of urban agglomerations. Although this effect is not significant, it is still necessary to continuously optimize the urban environment to promote the green transformation of urban agglomerations. In addition, there are also some non quantitative environmental factors, such as geographical location, cultural differences, differences in consumer attitudes, and policy influences. However, these factors cannot be quantified, so they are not reflected in environmental variables. These factors are also the reason for the differences in the efficiency of urban green transformation after adjusting for input variables.
[image: Figure 6]FIGURE 6 | Spatial and temporal changes of green transformation efficiency of BTH, YRD and PRD in 2011, 2015, and 2019.
3.4 Analysis of spatiotemporal differences

(1) Regression results
Using the efficiency value obtained in the third stage as the dependent variable and incorporating the aforementioned explanatory variables, the Tobit regression model was used to obtain empirical results as shown in Table 8.
TABLE 8 | Regression results of Tobit model.
[image: Table 8]It can be seen that the LR test result is 51.5, Prob>=chibar2 = 0.000, which is significant at the 1% significance level, indicating that the model setting is reasonable and there is a significant individual effect. The upgrading of industrial structure, level of green innovation intensity of environmental regulation, infrastructure construction, and degree of openness to the outside world are all important factors that affect the efficiency of green transformation in urban agglomerations.
Firstly, the impact coefficient of industrial structure upgrading on the efficiency of green transformation in urban agglomerations is positive and significant at the 1% significance level, indicating that the upgrading of industrial structure is conducive to promoting green transformation in urban agglomerations. On the one hand, the industrial structure is becoming more rational. With the continuous advancement of digital technology, the pillar industries of cities should shift more from labor-intensive and capital intensive industries to technology intensive and knowledge intensive industries. On the other hand, the industrial structure is more effective, eliminating and improving inefficient industries, vigorously promoting and developing efficient industries, promoting the integration and coordination of upstream and downstream industries, and forming an intelligent, green, and efficient industrial system.
Secondly, the impact coefficient of green innovation level on the efficiency of green transformation in urban agglomerations is positive and significant at the 1% significance level, indicating that the improvement of green innovation level is conducive to promoting green transformation in urban agglomerations.We must vigorously promote green technology innovation, leverage the empowering role of digital technology, coordinate economic development and environmental protection, and achieve efficient flow of production factors. At the same time, we should actively promote international cooperation in the field of technological innovation, and in the new context of the “dual carbon” goal, promote the continuous reduction of energy consumption per unit product, accelerate the improvement of the contribution rate of various new clean energy sources, and reduce the use and dependence on fossil fuels through technological progress.
Thirdly, the impact coefficient of environmental regulation intensity on the efficiency of green transformation in urban agglomerations is negative and significant at the significance level of 5%, indicating that an increase in environmental regulation intensity will slightly inhibit the green transformation of urban agglomerations. This may contradict our understanding, but in reality, in order to prevent further deterioration of the ecological environment, the government has issued relevant policy documents and adopted environmental regulation measures such as pollution limit and traffic control to protect the urban environment. However, at the same time, overly tough environmental regulatory measures often hinder the further development of the city’s economy, causing the city to fall into a cycle of resource curse. So if we want to truly achieve the green transformation of urban agglomerations, we should consider more from the perspective of technological progress and industrial upgrading, rather than blindly implementing environmental regulations. However, in order to achieve the goal of green transformation of development mode and high-quality economic development, it is feasible and meaningful to temporarily sacrifice short-term economic growth in some cities with severe environmental damage and low resource carrying capacity to achieve long-term environmental sustainable development. Because the intensity of environmental regulations has a relatively small impact on the efficiency of urban green transformation, the degree of inhibition on urban green transformation is relatively low.
Fourthly, the impact coefficient of infrastructure construction on the efficiency of green transformation in urban agglomerations is positive and significant at the significance level of 5%, indicating that the improvement of infrastructure construction is conducive to promoting the green transformation of urban agglomerations. The Ministry of Housing and Urban Development and the National Development and Reform Commission issued the “14th Five Year Plan” for national urban infrastructure construction in July this year, which mentioned the need to “accelerate the construction of new urban infrastructure and promote the transformation and development of urban intelligence”. With various policy documents raising higher requirements for urban development, the improvement of urban infrastructure is conducive to promoting cities to better absorb and utilize the funds, information, technology, talents and other elements required in the process of urban development, and creating a new pattern of joint construction, governance, and sharing. At the same time, accelerating the construction of new urban infrastructure is also beneficial for cities to prioritize the development of emerging technology industries such as photovoltaic power generation, digital technology, and new energy, enabling cities to continuously move towards the direction of “smart cities".
Fifth, the coefficient of influence of the degree of openness on the efficiency of green transformation in urban agglomerations is negative and significant at the 1% significance level, indicating that an increase in openness will slightly inhibit the green transformation of urban agglomerations. With the improvement of the degree of opening-up to the outside world, foreign investment in urban industries is more concentrated in labor-intensive or capital intensive high energy consumption and high pollution industries, and its positive effect on the management experience and technological progress brought by the city is far less than the negative impact on the city’s environmental pollution. In order to avoid the phenomenon of “pollution shelters”, local governments need to screen the “green” level of foreign direct investment, strictly implement environmental protection access, raise the environmental access threshold for foreign direct investment, and fully leverage the technological advantages and spillover effects of foreign direct investment in environmental governance.
(2) Robust test
This article adopts the method of compressing sample data to verify the robustness of the results obtained. According to the results in Table 9, it can be seen that industrial structure upgrading, green innovation level, environmental regulation intensity, infrastructure construction, and degree of openness are important factors affecting the efficiency of green transformation in urban agglomerations, and the direction and degree of influence have not changed significantly, Therefore, to some extent, it indicates that the results obtained in this article have good robustness.
TABLE 9 | Robust test results.
[image: Table 9]4 DISCUSSION AND CONCLUSIONS
4.1 Discussion

(1) From a static perspective, the overall efficiency of green transformation in the three major urban agglomerations is at a high level, but not all have reached “DEA effectiveness”. Among the 48 cities in the 9 year cycle, the overall level of green transformation in the three major urban agglomerations is relatively high, but from a time perspective, it shows a downward trend overall. Overall, the PRD is known for its green development, with the highest average efficiency value of green transformation, followed by the YRD. The level of green transformation has significantly increased since 2018, while the BTH has the lowest level of green transformation. It promotes the coordinated development of the urban agglomeration with Beijing and Tianjin as the centers, but the two cities’ development is dominant, but they have not played a good agglomeration effect and central radiation effect, Most cities in Hebei Province have performed poorly in green transformation.
(2) From a dynamic perspective, technological progress is the main driving factor for improving the efficiency of green transformation in the three major urban agglomerations. Based on the specific decomposition of the Malmquist index in different periods, when the technological progress index decreases or rises, total factor productivity will also experience the same decrease or increase. The trend of change in total factor productivity is almost identical to that of technological progress, but does not overlap. The reason is that the impact of changes in technological efficiency on urban transformation efficiency offsets some of the impact of changes in technological progress, The trend of the efficiency of green transformation in urban agglomerations almost entirely depends on the change index of technological progress.
(3) From the perspective of spatiotemporal differences, there are significant differences in the spatiotemporal characteristics of green transformation among the three major urban agglomerations. In terms of spatial dimensions, there are significant differences in the efficiency of green transformation between different cities within urban agglomerations and among the three major urban agglomerations. There are significant differences in green transformation strategies among different cities, and the reasons for the low efficiency of green transformation in different cities are heterogeneous. Overall, the PRD has been leveraging the innovative research and development capabilities of Guangzhou and Shenzhen, as well as the advantages of complete industrial chains in cities such as Zhuhai, Foshan, Huizhou, Dongguan, Zhongshan, Jiangmen, and Zhaoqing, to create advanced industrial clusters; The YRD covers multiple provinces and has been a prosperous place since ancient times. The overall advantages of the urban agglomeration are obvious, and regional development is coordinated and balanced, demonstrating comprehensive strength in all dimensions; The BTH has always relied on the two major cities of Beijing and Tianjin to drive the development of other small and medium-sized cities in Hebei Province. Its level of green transformation is lower than that of the PRD and the YRD. On the one hand, the green transformation concept in Hebei Province has not been effectively implemented, and many traditional industries have not undergone timely transformation and upgrading, resulting in slow development of the green industry There are many restrictions on talent and other aspects, while also facing the dilemma of transferring polluting enterprises from Beijing, and a mature path for environmental protection has not yet been explored. Compared with the differences in green transformation efficiency of urban agglomerations in the spatial dimension, the differences in time dimension among the three major urban agglomerations are relatively small, but they are all affected by environmental suppression. Although this impact is not significant, it is still necessary to continuously optimize the urban environment in order to promote the green transformation of urban agglomerations.
(4) From the perspective of influencing factors, government led factors and objective environmental factors jointly affect the green transformation efficiency of the three major urban agglomerations. Industrial structure upgrading, green innovation level, environmental regulation intensity, infrastructure construction, and degree of openness are all important factors that affect the green transformation efficiency of urban agglomerations. Among them, industrial structure upgrading, green innovation level, and infrastructure construction can promote the green transformation of urban agglomerations, and the degree of influence of the three is not significantly different; The intensity of environmental regulations and the degree of openness to the outside world will inhibit the green transformation of urban agglomerations, with a small coefficient of impact and a low degree of inhibition. From this, it can be seen that if we want to truly promote the green transformation of urban agglomerations, we should focus on three main factors: industrial structure upgrading, green innovation level, and infrastructure construction. At the same time, we should avoid overly tough environmental regulatory measures and control and screen the “green environmental protection” level of foreign direct investment.
(5) There are still the following aspects that need to be further studied in this article: firstly, the indicator system needs to be improved. This article currently constructs a green transformation evaluation system for urban agglomerations based on five aspects: economic growth, industrial transformation, resource saving, environmental governance, and improvement of livelihood. In the future, with the continuous deepening and improvement of the green transformation concept, a more comprehensive green transformation evaluation system can be constructed, and the selected indicators can be measured from multiple dimensions and aspects. Moreover, the selection of input-output indicators for efficiency evaluation in this article was also based on literature review and selection. Although statistical methods were also used to assist in screening and avoid some subjective factors, there may still be some biases in the evaluation results. Another thing is that the sample size needs to be enriched. This article selects the three most mature and well-developed urban agglomerations in China from 2011 to 2019 as research samples. In the future, more urban agglomerations can be studied, and with the passage of time and the improvement of data, the time span of the sample size will be longer, improving the credibility of the research results. Finally, the research methods need to be supplemented. In the future, in-depth analysis can be conducted using methods such as case analysis, policy evaluation, and spatial econometrics. Research methods from econometrics, geography, and public management can be introduced into the research, in order to enrich the relevant theories and practices in the field of urban transformation.
4.2 Conclusions
Based on the dynamic and static evaluation of the green transformation of the three major urban agglomerations and the analysis of spatiotemporal differences, as well as the empirical analysis of the factors affecting the efficiency of green transformation, and based on the actual development situation of the three major urban agglomerations in China, relevant policy recommendations are given from the following dimensions:
(1) Establish a concept of urban agglomeration development that combines overall improvement and internal collaboration. As the regional pattern shifts from “administrative region economy” to “urban agglomeration economy”, the central government should quickly adapt to the development model dominated by urban agglomeration units. In terms of development philosophy, not only consider the overall economy, innovation, synergy, green and people’s livelihood quality of urban agglomerations as important decision-making variables, but also take the construction of close and balanced urban connections and the creation of more spatial spillover windows as key performance indicators, truly promoting the development of urban agglomerations from “independent governance” to “shared governance”. Pay attention to the differences between urban agglomerations and implement policies according to local conditions. Focus efforts on solving the bottleneck problems in areas such as economic operation, innovation driven, coordinated development, green transformation, people’s livelihood sharing, and intercity collaboration based on the heterogeneity of structural sources and driving forces. The BTH should establish a global awareness, establish a collaborative mechanism to promote green transformation, comply with the policies of carbon peaking and carbon neutrality, and create a green environment, industry, and financial circulation system; The YRD should leverage its consistent industrial and ecological advantages, emphasize spatial linkage development, deepen the layout of efficient development in economically developed cities such as Shanghai and Suzhou, and promote cooperation within the urban agglomeration; The PRD should fully utilize its unique ecological and geographical advantages, establish a unified green development system in conjunction with Hong Kong and Macau, inject technological innovation impetus into green development, and improve the network of central and peripheral urban agglomerations.
(2) Strengthen the network system of urban agglomerations, avoid conflicts between cities, fully leverage the coordination and promotion role of urban agglomerations, and achieve the synergy of “1 + 1>2″in cities. Cities are the foundation of urban agglomerations, and urban agglomerations are an organic combination of cities. In the process of promoting the green transformation of urban agglomerations, adhere to the policy of overall development of urban agglomerations and avoid elevating individual cities and ignoring macro layout. Simultaneously promoting the optimization of urban spatial structure, functional improvement, and quality improvement, integrating public services, and enhancing the resilience of the city. At the internal level of urban agglomerations, major urban agglomerations should strictly follow the development plans formulated by local governments or even the state, requiring internal cities to closely align with their functional positioning, fully leverage comparative advantages, and actively build a reasonable division of labor, complementary functions, and staggered development pattern for urban agglomerations. Especially for small and medium-sized cities, fully utilize the “scale borrowing” effect, promote their own development level by taking on the advantageous resources of core cities, thereby narrowing the development gap with core cities and strengthening the internal coordination of urban agglomeration development.
(3) Encourage green technology innovation and accelerate the upgrading of industrial structure. At the national level, continue to improve the collaborative innovation layout at the scale of urban agglomerations, continuously reduce the circulation cost of innovation factors between cities through building industrial technology alliances, joint research and development, improving transportation networks, and reforming institutional supply, thereby comprehensively enhancing the collaborative innovation capacity of urban agglomerations. Eliminate and improve inefficient industries, vigorously promote and develop efficient industries, promote the integration and development of upstream and downstream industries, and promote synergy between industries, forming an intelligent, green, and efficient industrial system. Give full play to the empowering role of digital technology, promote efficient and green application of technology, achieve efficient flow of production factors, and actively promote international cooperation in the field of technological innovation. Establish an intelligent and efficient energy system based on clean energy. Improve the level of green innovation, promote the continuous reduction of energy consumption per unit product, accelerate the contribution rate of various new clean energy sources, and reduce the use and dependence on fossil fuels through technological progress. Strengthen and optimize regional cooperation networks through scale restructuring, form regional adjacency spatial connections and higher-level economies of scale through spatial forms such as urban agglomerations, metropolitan areas, national level new areas, and global urban areas, creating a good situation of complementary advantages, win-win cooperation, and coordinated development between regions, and constructing a new model for the development of national networked spatial connections.
(4) Moderate environmental regulation and dual benefits of economic and environmental protection. Coordinate the relationship between economic growth and environmental protection, and pay attention to the selection of environmental regulation policy tools. When implementing environmental regulations, the government should pay attention to the coordination between objectives and the rationality of the selection of regulatory measures, focus on sustainable economic development, follow natural laws, and not exceed the environmental carrying capacity. Pay attention to the appropriateness and rationality of environmental regulations. Modernity requires environmental regulations to be moderate in degree, neither too lenient to effectively solve environmental problems, nor too strict to hinder economic and social development. This means that when formulating environmental regulatory policies, it is necessary to fully consider factors such as resource endowments, industrial structure, and development stages in different regions, and formulate regulatory measures tailored to local conditions. At the same time, it is necessary to adjust regulatory efforts in a timely manner based on the severity and urgency of environmental issues, ensuring that environmental regulations are in line with economic and social development. Rationality requires environmental regulations to be scientific, fair, and effective in terms of content and methods. The government should develop reasonable environmental standards, emission limits, and penalty measures based on scientific environmental risk assessment and prediction. It is necessary to strengthen environmental monitoring and regulatory capacity building to ensure the effective implementation of environmental regulatory policies.
(5) Guide foreign direct investment and attach importance to green and low-carbon areas. The government should deeply implement the Foreign Investment Law, strengthen the promotion and protection of foreign investment, continuously optimize the environment for foreign investment, and effectively avoid the formation of “pollution shelters”. Emphasis should be placed on encouraging foreign investment in areas such as new energy, digital technology, innovation and demonstration applications of green and low-carbon key technologies. To promote economic growth through the “income effect” mechanism, it is necessary to establish a negative list of foreign investment, implement entry barriers for foreign direct investment, correctly guide the flow of foreign investment, ensure that foreign investment conforms to national strategies and industrial development directions, promote the improvement of foreign investment quality, improve foreign investment layout, fully utilize foreign investment resources, and enhance the efficiency of foreign investment utilization. Strongly encourage foreign companies to participate fairly in the formulation and revision of relevant technical specifications, and also encourage foreign investment to engage in research and development of energy-saving and emission reduction technologies. In addition, actively promote foreign companies to participate in relevant international standard certification work, and encourage foreign-invested enterprises to become “leaders” in the green and low-carbon field.
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FOOTNOTES
1The BTH urban agglomeration includes 13 cities: Beijing, Tianjin, Shijiazhuang, Tangshan, Qinhuangdao, Handan, Xingtai, Baoding, Zhangjiakou, Chengde, Cangzhou, Langfang, Hengshui; The YRD urban agglomeration includes 26 cities: Shanghai, Nanjing, Wuxi, Changzhou, Suzhou, Nantong, Yancheng, Yangzhou, Zhenjiang, Taizhou, Hangzhou, Ningbo, Huzhou, Jiaxing, Shaoxing, Jinhua, Zhoushan, Taizhou, Hefei, Wuhu, Ma’anshan, Tongling, Anqing, Chuzhou, Chizhou, Xuancheng; The PRD urban agglomeration includes 9 cities: Guangzhou, Shenzhen, Zhuhai, Foshan, Jiangmen, Zhaoqing, Huizhou, Dongguan, Zhongshan
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