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Seeking innovative development has become a necessity for global cities because of the accelerating consumption of natural resources and the increasing need for urgent control of environmental pollution. However, few studies have reported on the effect of innovative development on the green economic growth of resource-based cities. Therefore, this study aimed to construct the SBM model of unexpected output to measure the efficiency of green economic growth using data of 108 resource-based cities in China from 2004 to 2018, and to analyze the impact of innovative development and resource endowment on green economic growth using the systematic Generalized Method of Moments (GMM) model. The following results were obtained: first, the green economic growth efficiency of resource-based cities exhibited a general trend of fluctuation and rise, but the efficiency of different resource-based cities was different in time and space. Second, although innovative development promoted the green economic growth of resource-based cities, the impact of different resource-based cities was heterogeneous. Innovative development promoted the green economic growth of resource-based cities in eastern China, comprehensive cities, metal cities, growth cities, and renewable cities. However, it had an inhibitory effect on the green economic growth of northeast China, west China, and oil–gas and nonmetal resource–based cities, but no significant effect on the green economic growth of other resource-based cities. Third, the nonlinear effect of resource endowment on the green economic growth of resource-based cities was not significant, but resource endowment had a “curse” effect on green economic growth. Meanwhile, heterogeneity analysis showed two effects of resource endowment on the green economic growth in different resource-based cities: curse and blessing. Fourth, the impact of innovative development on the green economic growth of resource-based cities was moderated by resource endowment. The impact of innovative development on green economic growth decreased with the increase in resource endowment. Therefore, resource-based cities should not only constantly increase innovation and improve resource utilization efficiency but also actively promote coordination and cooperation of regional resource-based industries so as to achieve green and sustainable development.
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INTRODUCTION
Resource-based cities refer to cities that take mining and processing of mineral resources, forests, and other natural resources as the leading industries (Zhang et al., 2014; Yu et al., 2019). Among the 293 prefecture-level cities in China, 126 are resource-based cities, accounting for 43% of the total1. However, they rank among the top in China in terms of natural resources such as coal, oil, iron ore, and rare Earth. They are essential energy resource supplies and reserve bases in China and have contributed significantly to the economic development of China. However, as the exploitation of natural resources continues to run dry, some resource-based cities have entered the mature stage and the decline stage. According to the National Sustainable Development Plan for Resource-based Cities (2013–2020), the resource-based cities in the mature stage and the decline stage account for about 80% of the 262 resource-based cities in China. Some resource-based cities are even “empty cities” and “ghost cities,” and some cities are called “cities that cannot be seen on satellite.” Industrial transformation and environmental pollution seriously restrict the sustainable development of resource-based cities (Hou et al., 2019; Meng et al., 2021).
Compared with the non-resource-based cities, resource-based cities face problems such as ecological environment destruction caused by natural exploitation and industrial structure transformation required for sustainable economic development, especially the low efficiency and regional imbalance in the transformation development. The transformation and development of resource-based cities are more urgent (Chen et al., 2018; Tan et al., 2020). In recent years, as countries worldwide have gradually confirmed a timetable for carbon neutrality, environmental pollution control, and resource and energy utilization have become important development issues for all countries. Green transformation has become an inevitable choice for the sustainable development of resource-based cities to cope with environmental pollution and resource-based industry transformation (Guo et al., 2018). Green economic growth refers to promoting economic growth while nature provides resources and environmental services for human development (OECD, 2009). This means that green economic growth is an environmentally friendly “low-carbon economy” and “circular economy” that achieves sustainable economic growth through ecological protection, environmental governance, and improvement of the utilization efficiency of natural resources (Janicke, 2012). Innovation and technological progress are the main ways to improve the efficiency of economic growth (He and Wang, 2015). The strength of innovative development has become an important factor affecting regional technological progress and also an effective means to balance economic growth and environmental protection (Demirel and Kesidou, 2011). In the context of global innovation driven, the research on how natural resources regulate the impact of innovative development on green economic growth and the heterogeneity of the impact of innovative development on green economic growth of different types of resource-based cities will further expand the research on the innovative development of green transformation of resource-based cities. It will also have important policy reference value for the green transformation of resource-based cities in China and even developing countries.
The marginal contribution of this study is as follows: First, unlike previous studies that simply analyzed the relationship between technological innovation and green efficiency or explored the resource endowment and green economic growth (Liu and Dong, 2021; Zhao et al., 2021), this study has brought innovative development, resource endowment, and green economic growth into a unified framework; analyzed the impact of innovative development and resource endowment on the green economic growth of resource-based cities; and analyzed the moderating effect of resource endowment on the impact of innovative development on green economic growth. Further, it highlighted the role of innovative development in the green economic transformation of resource-based cities. Second, the impact of innovative development on the green economic growth of resource-based cities has been comprehensively analyzed in the heterogeneity test under the following three heterogeneity criteria: different life cycles, different economic regions, and different resource attributes. This approach helped avoid the limitations of previous analyses and researches on a single resource-based city or city type or simple economic region (Huang et al., 2018; Liu et al., 2018; Xie et al., 2020), enriching the heterogeneity of resource-based cities. Third, this study did not use scientific research investment, technology patent, and foreign investment to measure innovative development indicators unlike previous studies so as to avoid the limitation that a single innovative development index cannot fully reflect the real situation of urban innovative development (Xie et al., 2020; Liu and Dong, 2021). In this study, multidimensional indicators were evaluated based on the big data to represent the innovative development of cities, which could more accurately describe the real level of the innovative development of resource-based cities, effectively alleviate the selective bias of the model, and expand relevant studies on the definition and measurement of innovative development indicators.
This study has been arranged as follows. The second section presents a literature review. The third section discusses the theory and hypotheses. The fourth section introduces the model and data of this study. The fifth section analyzes the empirical results. The sixth section presents the conclusion and policy recommendations.
LITERATURE REVIEW
Some studies turned “high-energy consumption, high-pollution, and high-emission” industries in economic development into “brown economy” before the emergence of the concept of the green economy (UNEP, 2011). In the process of the rapid growth of “brown economy,” natural resources continued to be consumed; sulfur dioxide, carbon dioxide, industrial sewage, and other harmful substances continued to be discharged; and ecological damage and environmental pollution became increasingly serious. Therefore, countries around the world urgently needed to change this mode of economic development. The green economy was first proposed in the article “Blueprint for a Green Economy,” published by Pearce in 1989. He emphasized that the development of human society and economy should not be separated from the ecological environment. Pursuing economic growth while ignoring the ecological environment leads to resource depletion, making economic activities unsustainable (Pearce et al., 2013). The traditional economic growth theory only focuses on the growth of gross domestic product (GDP) but ignores the environmental cost. The United Nations Statistical Office (1993) first proposed green GDP, in which the input to the ecological environment generated by the use of natural resources was deducted from the economic aggregate. Since the United Nations issued the “Green Initiative” in 2008, the green economy began to spread widely worldwide. The OECD (2011) defined green economic growth as ensuring that natural resources and ecological environment continue to provide resources and services for human activities while promoting economic growth. The Association of Academies of Sciences in Asia (2011) conducted investigations and studies on pollution control, ecological restoration, and poverty control in Asian countries and concluded that green transformation was conducive to the sustainable development of Asian countries. Khan and Ulucak (2020) believed that the development of environmental technology was conducive to realizing green economic growth and sustainable development through data analysis of Brazil, Russia, India, China, and South African countries. Some scholars also studied green economic growth in China and believed that green economic growth has become a new growth mode to achieve sustainable development irrespective of the national or provincial level (Guo et al., 2018; Cheng et al., 2020). Compared with economic growth, green economic growth protects the environment, prevents further deterioration of the environment, and promotes the effective use of resources. On the other hand, green economic growth allows economic growth (Fernandes et al., 2021). This study argued that the connotation of green economic growth was to achieve a goal of higher economic growth at the cost of minimum ecology and environment, that is, to improve green economic growth as much as possible (Meng and Zhang, 2020). The measurement of green economic growth mainly included a single factor index and total factor index, but scholars often adopted a multi-index method because the total factor method included not only capital investment and human capital but also energy consumption and environmental pollution index (Li and Hu, 2012; Feng et al., 2018). In terms of the total factor index method, scholars mostly used the ultra-efficient SBM model with unexpected production constructed by Tone (2001) to overcome the limitations of the CCR and BBC models. Oh (2010) extended the Malmquist-Luenberger index to the Global Malmquist-Luenberger (GML) index in this technique, overcoming the deviation of the traditional ML index when formulating policies. Therefore, scholars mostly used the directional distance function method of unintended output to construct the GML index to express green economic growth (Li and Xu, 2018; Sun H. et al., 2019).
As for the research on the relationship between resource endowment and green economic growth, scholars generally believed that with the exploitation of natural resources, the effect of resource endowment on economic growth gradually changed from “resource Gospel” to “resource curse,” that is, resource-rich countries fell into low or negative economic growth (Auty and Warhurst, 1993; Hodler, 2006), and natural resources affected the regional economic growth by negatively influencing talent flow, Dutch disease, government policies, and foreign trade (Stijns, 2005; Takatsuka et al., 2015; Poncian, 2019). The resource curse research has expanded to economic growth efficiency with the deepening of research. Factors of production in resource-based countries or regions mainly flow into the resource sector, which not only destroys the local ecological environment but also drags down the regional total factor productivity (Li and Xu. 2018; Zidouemba and Elitcha, 2018). Cheng et al. (2020) studied the relationship between resource endowment and green economic growth in 30 provinces in China and found that the more abundant natural resources had a significant inhibitory effect on green economic growth. Zhang and Song (2020) found an “inverted U-shaped” relationship between resource endowment and the green transformation of the manufacturing industry. Weber (2014) found that the development of the natural gas industry in the central and southern United States actually promoted local economic growth.
Since Schumpeter (1912) put forward the concept of innovation for the first time, the research on innovative development has been constantly enriched. It includes innovation in the economic and social fields as well as in the cultural, scientific, and technological fields. Scholars tend to summarize the connotation of innovation as knowledge innovation, technological innovation, and institutional innovation. Endogenous growth theory involves the endogenous mechanism of technological progress promoting economic growth by endogenesis (Furman et al., 2002; Makkonen and Inkinen, 2013). Scholars often use patent data or regional research and development (R&D) data to study the impact of innovative development and technological progress in economic growth efficiency. Some studies found that invention patents, R&D, and product innovation have a significant positive impact on the green economy (Zhao et al., 2019; Sun et al., 2020). However, some scholars have different views on the relationship between technological innovation and green economic growth. For example, Tang and Fu (2014) used foreign direct investment (FDI) to measure technology introduction and found that technology introduction may inhibit the efficiency of economic growth. Zhao et al. (2019) believed that knowledge innovation had no significant impact on green development. Thus, it was seen that scholars still have some uncertainties regarding the relationship between innovation and green economic growth (Zhu and Li, 2019).
MECHANISM AND HYPOTHESIS
The exploitation of natural resources will aggravate the environmental problems in resource areas. Most of the initial industries developed in resource-based areas are initial mining industries, which cause great harm to the natural ecology. With the acceleration of industrial transformation, resource-based primary industries in resource-based areas will be upgraded to resource-based product processing and manufacturing industries, which are mostly oil and coal processing industries, and metal and non-metallic mineral products processing industries. Due to the single industrial structure and resource dependence, natural resources can both promote and inhibit the green transformation of resource-based regions. On the one hand, natural resources guarantee the sustainable economic growth of the region, especially under the effect of green policies, resource-based industries are forced to carry out green transformation and upgrading (Kesidou and Demirel, 2012; Chakraborty and Chatterjee, 2017). On the other hand, the development of resource-based industries produces problems such as rent-seeking and corruption; “crowding-out” innovative development, technological change, and human capital; aggravating the burden of ecological environment and environmental problems; and thus inhibiting the green transformation of resource-based cities (He et al., 2017; Han et al., 2020). The richer the natural resources, the lower the green total factor productivity (Cheng et al., 2020). However, some scholars have questioned the nonlinear relationship between resource endowment and a green transition, that is, natural resources do not systematically increase the “curse” and “blessing” of green development when the “crowding-out” and “forcing-out” effects of natural resources are small (Weber, 2014). At the same time, the problem of unbalanced development of global natural resources already exists in China. Resource endowment has different effects on green economic growth due to differences in resource endowment degree, regional economic development level, and resource scarcity (Dwumfour and NTOW-Gyamfi, 2018; Feng et al., 2019; Mao et al., 2019; Cheng et al., 2020). Figure 1 reflects the impact of resource endowment on green economic growth of resource-based cities. To this end, we obtained the following hypotheses:
[image: Figure 1]FIGURE 1 | The impact of resource endowment on green economic growth in resource-based cities.
Hypothesis 1. Resource endowment may have a nonlinear effect on green economic growth.
Hypothesis 2. Resource endowment has a “curse” effect on green growth.
Hypothesis 3. The effects of resource endowment on the green economic growth of different types of resource-based cities are heterogeneous.Endogenous economic growth theory holds that technological progress is the decisive factor to ensure sustained economic growth, and innovative development has become the key driving force for global sustainable development. Liu and Dong (2021) verified that technological innovation promoted the economic efficiency of Chinese cities. Zhang and Cui (2020) constructed innovation indicators in technological R&D and business transformation, and found that regional innovation improved the efficiency of green economic growth in China. Technological progress is the internal driving force for sustainable industrial development. Green technological innovation is conducive to enterprises’ treatment of environmental pollution and reduction of exhaust gas, wastewater, and smoke dust emissions (Peng, 2020; Feng et al., 2021). Optimizing the structure of green organizations and improving the transmission of green knowledge are conducive to improving the technology efficiency of enterprises, thus enhancing the sustainable development ability of enterprises (Matsuhashi and Takase, 2015; Mishra, 2017). Resource-based industries promote technological innovation, reduce the loss of natural resources, improve the efficiency of resource utilization, and then reduce environmental costs, so as to promote green economic growth. Meanwhile, the higher the urban governance capacity and institutional quality, the stronger the positive effect of innovative development on green economic growth (Antonioli and Mazzanti, 2017).The study of natural resources on technological innovation can be traced back to the “resource curse” (Xie et al., 2021). The richer the natural resources, the greater the crowding effect of resource-based industries on non-resource-based industries. Resource-dependent cities depend on the mining and processing of natural resources for their leading industries; the richer the resources, the more priority the local government gives to the development of the industries so as to obtain greater economic growth. However, the level of resource utilization and the limitation of resources hinder the initiative of resource-based enterprises in updating technology and inhibit the innovative development of manufacturing industry (Chen and Kung, 2016; Igna and Venturini, 2019). This causes the deterioration of the urban ecological environment and environmental pollution, increasing the environmental management costs of the government, thus limiting the green transformation (Sun H. et al., 2019; Sun and Wang, 2021). Resource-based cities can be divided into multiple groups according to different standards, and heterogeneous factors may cause deviations in the effect of innovative development on green economic growth (Wang and Chen, 2020). Cities are located in different economic regions, resulting in different geographical space positions, environmental policies, industrial policies, and economic development levels. Economically developed regions are more able to attract excellent talents and green industries due to their superior institutional and geographical advantages, thus promoting the growth of an urban green economy. Lax environmental regulations are more likely to attract polluters from rich regions to poor ones (Antweiler et al., 2001; Candau and Dienesch, 2017), but strict environmental regulations improve local environmental technology and standards, improve local environmental quality, and form a “pollution halo.” Strict or lax environmental regulations become a decision-making basis for foreign investment (Wang and Liu, 2019). Empirical research proves that eastern China attracts more foreign investments than central and western China because the institutional environment and innovation environment are better in eastern China than in central and western China (Yuan et al., 2021). Resource-based cities rely heavily on resource-based industries with their endowment characteristics, while resource-based industries are mostly low-technology-intensive industries. Cycle and resource attributes determine the uniqueness of their green economic transformation, leading to different technological biases (Acemoglu et al., 2012; Baskaran and Mehta, 2016; Altuntas et al., 2018). Therefore, these different heterogeneous factors may cause deviations in the impact of innovative development on green economic growth. Figure 2 reflects the impact of innovative development on green economic growth of resource-based cities. We have the following hypotheses:
[image: Figure 2]FIGURE 2 | Impact of innovative development on green economic growth of resource-based cities.
Hypothesis 4. Innovative development promotes green economic growth in resource-based cities.
Hypothesis 5 The impact of innovative development on the green development of different types of resource-based cities is heterogeneous.
Hypothesis 6. The impact of innovative development on green economic growth is moderated by resource endowment. Innovative development has less impact on the green economic growth of resource-based cities with the increase in resource exploitation.
MODEL AND DATA
Model Specification
This study aimed to explore the impact of innovative development and resource endowment on the green economic growth of resource-based cities in China. The system GMM (Blundell and Bond, 1998) estimation method was adopted to set the model to avoid endogenous problems:
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Meanwhile, to test the nonlinear relationship between resource endowment and the green economic growth of resource-based cities of China, the quadratic term of resource endowment was introduced based on Model 1:
[image: image]
Considering that innovative development and resource endowment do not have a single impact on the green economic growth, and the impact of innovative development on the green economic growth may be moderated by resource endowment, the interaction term Ri*Re of innovative development and resource endowment was introduced based on Models 1 and 2, and the model was set as follows:
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In Models 1, 2, 3, and 4, [image: image] represents the green economic growth of resource-based cities, [image: image] represents innovative development, and [image: image] represents resource endowment. [image: image] represents other control variables, mainly including industrial structure (IS), marketization level (ML), government intervention (GI), and human capital (HC), where i represents the resource-based city section unit and t represents time.
Data Description
Variable Description
Explained Variable
Green economic growth. According to the research of Oh (2010), this study constructed the GML index based on the distance function in the SBM direction to represent green economic growth. This method overcame the limitation of the CCR and BBC models, and the problem that environment and resource factors are ignored when measuring efficiency. Each resource-based city in the prefecture-level administrative region was regarded as a decision-making unit (DMU). Assuming that each DMU uses m kinds of inputs, it was counted as [image: image], where q species were produced, and the expected yield was [image: image], which produced p kinds of unexpected output [image: image]. Then, the factor input and output combination of the jth resource-based city in the T period was [image: image]. Therefore, the production of green economic growth index may be set as:
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Then, the super SBM model was as follows:
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output and unexpected output, respectively; and [image: image] is the weight vector. In the calculation of the GML index, input variables were labor input, capital input, and energy input; output was actual GDP; and the unexpected output was industrial wastewater emission, industrial sulfur dioxide emission, and industrial smoke (powder) dust emission in each region to represent environmental pollution. Among them, labor was measured by the number of employed persons at the end of the year; capital input was measured as described by Zhang et al. (2004), which used the perpetual inventory method to measure capital stock; energy input was expressed by the electricity consumption of the whole society; real GDP was converted into nominal GDP by the GDP deflator of each city; and the year 2000 was chosen as the base period for the estimation of capital input and real GDP. The GML index can be decomposed into the product of green technology efficiency (Geffch) index and green progress (Gtech) index. The GEFFCH and GTECH were used for the robustness test to ensure the accuracy of the model.
Explanatory Variables
Innovative development. Patent data is the main indicator for scholars to reflect their innovative development ability. Compared with R&D, the number of invention patents can better reflect regional substantive innovation (Tong et al., 2014), but the number of patents cannot fully reflect regional innovation activities (Wang et al., 2020). Therefore, as described in Mao and Lu (2020), this study adopted the innovative undertaking development level index to depict the innovative development, using the big data analysis method, based on the microscopic enterprise data of mainland China, covering elements and multidimensional indexes, such as the subject and technology output, which can more fully reflect the innovative development of the urban development level of China. Meanwhile, the number of patents granted for invention (PAT) was used for robustness analysis to verify the rationality of the model.
Resource endowment. Due to the lack of data, this paper uses Xu (2006) to reflect the resource endowment of resource-based cities by the ratio of mining industry employees to total employment. This measurement method could better reflect the degree of resource dependence of a regional economy (Brunnschweiler and Bulte, 2008).
Control Variables
Industrial structure. The industry of resource-based cities is mainly the secondary industry. The main goal of industrial structure transformation is to reduce the proportion of resource-based industry in industry, promote the leading industry, and constantly evolve to the tertiary industry (Kuznets, 1957). Therefore, this study used the ratio of the tertiary industry to the secondary industry to represent the IS of resource-based cities.
Marketization level. The marketization level reflects the openness of a region, and scholars generally use the marketization index (Fan et al., 2011) or FDI proportion (James and Aadland, 2011) of regional economic openness. However, the marketization index does not have city-level data, and FDI data in some cities are seriously missing, so the data quality is not enough to explain the marketization level of cities. Therefore, the index commonly used by scholars to measure the institutional quality and market level at the city level, namely the proportion of urban private and self-employed people in the total employed population, is chosen to reflect the marketization level of the city (Ma and Tao, 2018; Song and Wu, 2018). The larger this index, the more active the private economy of the city, that is, the higher the degree of economic openness and the higher the marketization level of the city.
Government intervention. Government is an important participant in economic activities, and fiscal expenditure is one of the main means for the government to regulate industries. This study used the proportion of government fiscal expenditure in GDP for reference to the existing research to indicate the degree of GI (Lu and Chen, 2004).
Human capital. Human capital can effectively promote economic growth and innovative development. The definition of human capital is usually expressed in terms of the proportion of the educated population in the total labor population in each industry (Ciccone and Papioannou, 2009). Due to the lack of data on the number of population with educational background distribution in prefecture-level cities in China, this paper refers to the measurement method of human capital proposed by Barro and Lee (2013) and sets the schooling years of primary school, middle school, high school, and university as 6, 9, 12, and 16 years, respectively, in combination with China’s national conditions and data availability. Then [image: image], with j being the fixed number of years of education level in [image: image], and j corresponding to the number of kinds of educational levels in [image: image].
Data Source
A total of 126 prefecture-level resource-based cities are present in China. This study eliminated the cities with serious data shortage due to the limitation of data updating speed and quality, and finally obtained the data of 108 resource-based cities from 2004 to 2018. The innovative development data were from the large enterprise data center of Peking University; invention patent authorization data were from the Chinese Research Data Services platform; and other data were derived from the China City Statistical Yearbook, China Regional Statistical Yearbook, Statistical Yearbook of provinces and autonomous regions of China (comprising only prefecture-level resource-based cities in the provinces and cities; does not contain other Chinese provinces and cities and regions) from 2000 to 2019, and the administrative statistical bulletin for national economic and social development. Table 1 is the statistical description of the sample variables in this study.
TABLE 1 | Descriptive statistics.
[image: Table 1]EMPIRICAL ANALYSIS
Evaluation of Green Economic Growth Efficiency
We used MATLAB to calculate the GML index of distance function in the SMB direction and evaluate the development status of green economic growth, green technological progress, and green technological efficiency in resource-based cities in China from time and space dimensions. Figure 3 shows the green economic growth index (GML), green technological progress index (Gtech), and green technological efficiency index (Geffch) of resource-based cities in China from 2004 to 2018. From 2004 to 2018, the green economic growth index showed a trend of fluctuation and rise. The green economic growth index mainly depended on the improvement of the green technological progress index. After 2017, the green technological efficiency index kept the same direction as the green economic growth index and began to play a positive role. The green economy growth index declined to the lowest point in 2017, but reached the highest point in 2018. This trend is consistent with the curve of green technology progress, and it keeps rising overall, indicating that the green economy of resource-based cities is developing toward higher quality. Meanwhile, the fluctuations of green economic growth index, green technological progress index, and green technological efficiency index all occurred from 2008 to 2011. The green technology progress index dropped to the lowest point in 2009 because the financial crisis had an impact on enterprises that rely on capital and increased the cost of technological innovation of enterprises (Giebel and Kraft, 2019), thus limiting the progress of urban green technology, but at the same time, the efficiency of green technology reached the highest point. This may be because most of China’s resource-based industries are owned by the state, which can quickly absorb and accept the technology and management of enterprises in developed countries affected by the financial crisis, to improve the efficiency of green technology. As the Chinese government participated in the “market rescue” and issued a four trillion yuan stimulus plan, energy-intensive industries developed rapidly, but extensive development caused environmental pollution and increased carbon emissions (Feng et al., 2021), which offset the promotion effect of this plan and brought down the green economic growth level of resource-based cities. In recent years, the Chinese government has adopted the new development philosophy of “innovative, coordinated, green, open, and shared development” and established a development path that “lucid waters and lush mountains are invaluable assets”. Since 2015, it has gradually revised and adopted the Air Pollution Prevention and Control Law, Water Pollution Prevention and Control Law, and environmental protection tax, thus reducing emissions by enterprises. In particular, emissions from polluting industries (He et al., 2020).
[image: Figure 3]FIGURE 3 | The Gml, Gtech, and Geffch indexes of resource-based cities in China from 2004 to 2018.
Different regions differ greatly in terms of resource endowment, innovation level, and economic development level due to the vast territory and complex geographical characteristics of China, resulting in the uneven development of green economy in different regions (Xiao et al., 2017; Wang and Yi, 2021). According to the “National Sustainable Development Plan for Resource-Based Cities (2013–2020)” released by the Chinese government, more than 70% of the 126 resource-based cities are in the central and western regions, which are often ecologically fragile, environmentally polluted, and economically backward (Li Y. et al., 2020). We divided resource-based cities according to the division of economic regions in the China Statistical Yearbook, namely, eastern region, northeast region, central region, and western region, to better analyze the differences in the green economic growth of resource-based cities. Figure 4 reflects the temporal variation trend and spatial difference of green economic growth efficiency, green technological progress index, and green technology efficiency index of resource-based cities in the four economic regions of China from 2004 to 2018. Overall, the green economic growth index improved by the green technological progress index. However, resource-based cities in the four major economic regions were affected by the financial crisis, and green economic growth efficiency declined in 2009. Moreover, the east, central, and west all saw big shifts in 2017. Meanwhile, the growth efficiency of the green economy changed in the same direction with the progress of green technology. In contrast, it changed in the opposite direction with the efficiency of green technology. By sector, the green economic growth efficiency of resource-based cities reached the highest point in 2008, 2011, 2010, and 2017 and the lowest point in 2011, 2012, 2017, and 2018 in eastern China, northeast China, central China, and western China, respectively. The reasons for the inconsistent time series changes of the three indexes in the four economic regions may lie in the large span of the economic regions where resource-based cities are located, different resource endowment conditions, and different marketization degrees of infrastructure, resulting in insufficient kinetic energy of technological innovation and industrial transformation (Shi et al., 2017; Qiang and Jian, 2020).
[image: Figure 4]FIGURE 4 | The Gml, Gtech, and Geffch indexes of resource-based cities in four economic regions in China from 2004 to 2018.
Based on the definition of main resources of different resource-based cities by Zhang et al. (2014), we divided the cities with different resource attributes into comprehensive cities, coal cities, oil and gas cities, metal cities, and nonmetal cities. Comprehensive cities referred to resource-based cities with two or more kinds of main resources. For example, the main natural resources of Baotou included coal and metal mineral deposits. Coal, oil and gas, and metal cities referred to the natural resources of the city dominated by coal, oil, and metal. Meanwhile, metallic cities referred to cities whose natural resources were dominated by ferrous metal and nonferrous metal resources. Nonmetallic cities referred to cities whose natural resources were dominated by magnesite or phosphate or potassium salt or wood. Figure 5 reflects the trend changes of green economic growth efficiency, green technology efficiency, and green technology progress index of five resource-based cities with different resource attributes from 2004 to 2018. Overall, the green economic growth index of these five cities was caused by the green technology progress index. However, after 2017, the green technology efficiency of comprehensive and metal cities began to play a positive effect. The changes in the three indexes of these five resource-based cities basically followed the general trend of resource-based cities in China, that is, “rising first, then falling, and then fluctuating and rising.” The green economic growth efficiency and green technology progress index of mixed cities reached the highest point in 2008, while the green technology efficiency declined to the lowest point in 2008 and reached the highest point in 2009, and the green economic growth efficiency reached the lowest point in 2017. The green economic growth efficiency of coal-based cities reached the highest point in 2011 and fell to the lowest point in 2017. The green technology progress index declined to the lowest point in 2009 and reached the highest point in 2011. The green technology efficiency index reached the highest point in 2009 and fell to the lowest point in 2011. The three indexes of oil and gas cities fluctuated greatly. The green economic growth efficiency fell to the lowest point in 2005 and reached the highest point in 2010; green technology progress index fell to the lowest point in 2009 and reached the highest point in 2018; and green technology efficiency fell to the lowest point in 2011 and reached the highest point in 2016. The fluctuation of the three indexes of metal cities was also obvious. The growth efficiency of the green economy reached the highest point in 2016, and then fell to the lowest point in 2017. The green technology progress also fell to its lowest point in 2017, after peaking in 2008. The green technology efficiency bottomed out in 2005 and peaked in 2009. The green economic growth efficiency and green technology progress index of nonmetallic cities fell to the lowest point in 2017, but quickly reached the maximum value in 2018, and the green technology efficiency reached the maximum value in 2014 and fell to the minimum value in 2017. The change in green economic growth efficiency of cities with different resource attributes was not consistent, which may be due to the different sensitivity of resource-based industries to environmental policies and green transformation, and the development of non-resource-based industries was squeezed out by resource-based industries (Li W. et al., 2020; Xing et al., 2021).
[image: Figure 5]FIGURE 5 | The GML, Gtech, and Geffch indexes for five resource-based cities with different resource properties from 2004 to 2018.
As described by Yu et al. (2019), we divided resource-based cities into mature cities, declining cities, growing cities, and regenerative cities according to their developmental stages. This classification conformed to the criteria of the Chinese government for the developmental stages of resource-based cities. Among them, mature cities referred to cities in the stable stage of resource development, declining cities referred to cities in the state of resource depletion, growth cities referred to cities in the rising stage of resource development, and regenerative cities referred to cities that basically got rid of resource dependence. Figure 6 reflects the temporal variation trends of green economy growth index, green economy technology efficiency, and green technology progress index of four resource-based cities with different life cycles from 2004 to 2018. Overall, the change trend of the green economic growth index of resource-based cities in different life cycles was basically the same as that of all resource-based cities. The green economic growth index of resource-based cities with different life cycles was all caused by the green technology progress index, but the green technology efficiency of mature cities began to play a positive effect after 2017. The green economic growth index of mature cities showed a trend of fluctuating rise from 2004 to 2010, but began to fluctuate and decline after 2010, and fell to the lowest point in 2017, and began to rise fiercely in 2018. The green economic growth of recessionary cities was generally in the shape of “M,” falling to the lowest point in 2009, reaching the highest point in 2011, and then beginning to decline after forming the highest point in 2015. The green economic growth index of growing cities presented an “M–W shape,” with peaks in 2007, 2010, and 2015 and bottoms in 2009, 2013, and 2017. The green economic growth index of recessionary cities peaked in 2008 and then declined rapidly due to the impact of the financial crisis. As the economy of China entered a new normal, the green economic growth index began to rise slowly, but fell to a minimum point in 2017 and recovered to the level of 2015 in 2018. For resource-based cities green growth has a heterogeneity index in different life cycles, the reason may be that the resources industry in different life cycles determines the direction of industry transformation of resources city is not the same (James, 2015), the growth of the city resources industry gradually expand the scale, regeneration of cities has gradually come on the reliance of the resources industry. Therefore, it has been the direction of green transformation of resource-based cities to develop continuation and non-resource industries and promote industrial diversification (Larsen, 2006; Hou et al., 2019; Liu B. et al., 2020).
[image: Figure 6]FIGURE 6 | The GML, Gtech, and Geffch indexes of four resource-based cities with different life cycles from 2004 to 2018.
Using the “12th 5-year” and “much starker choices- and graver consequences-in” program of the Chinese Central Government, we calculated the two stages of green growth, green technology, and green technology efficiency index of average to compare the “national resource city sustainable development planning (2013–2020)” before and after the implementation effect. The results are shown in Table 2. Overall, the green economic growth index, green technological efficiency index, and green technological progress index of all resource-based cities have been improved after implementing the plan, indicating that national planning contributed to the green economic growth of resource-based cities. However, differences existed among different types of resource-based cities. The implementation of state-level planning not only improved the level of green economic growth index of comprehensive cities, metal cities, and mature cities, but also reduced the level of green economic growth. Meanwhile, the green economic growth index of these cities and resource-based cities in the west was lower than the average level of all resource-based cities after implementing the national plan, reflecting the imbalance of green economic growth level of different types of resource-based cities. The reasons were as follows: due to the differences in economic regions, the ecological environment in western China was more fragile, the level of social and economic development was more backward than that in other regions, and the kinetic energy of western cities to improve the level of green economic growth was relatively limited (Hou et al., 2021). Resource attribute determined the development scale of resource-based industries in resource-based cities. The production of the metal industry is often accompanied by serious environmental pollution. However, resource-based industries in mature cities are more comprehensive in development and less susceptible to the influence of national planning (Meng et al., 2021).
TABLE 2 | Comparison of green economic growth efficiency of resource-based cities after the implementation of national planning policies.
[image: Table 2]Benchmark Regression Analysis
Table 3 reflects the full-sample regression results of Models 1, 2, and 3. From the point of estimated parameters, the AR (1) p values were less than 0.05 and the AR (2) p values were greater than 0.05, which showed that the disturbance of difference presented first-order autocorrelation, but no second-order autocorrelation. Meanwhile, the p values of Sargan statistics and Hansen statistics were both greater than 0.05, indicating that the model setting and estimation were reasonable.
TABLE 3 | Benchmark regression results.
[image: Table 3]From the perspective of explanatory variables, the first column presents the estimated results of model 1. The coefficient of innovative development was 0.0683, which passed the significance level test of 10%, indicating that innovative development improved the green economic growth of resource-based cities. The reason may be innovative development improved the level of technological innovation and provided the impetus for green economic growth, which proved Hypothesis 4. Muazu and Xuan (2021) also found that innovative development could reduce environmental pollution. The resource endowment coefficient was 1.2352 and passed the 1% significance level testing, showing that resource endowment hindered the green economic growth of resource-based cities. This could be because resource-based cities in the process of development of the green economic growth produced environmental pollution and were resource-dependent (Sachs and Warner, 2001), and produced the “resource curse” effect, which proved Hypothesis 2. The second column presents the estimated result of Model 2. The coefficient of RE2 was −0.2391, which did not pass the significance level test, indicating that no nonlinear “inverted U-shaped” relationship existed between resource endowment and green economic growth, proving Hypothesis 1. The reason was that the exploitation of natural resources and the development of resource-based industries in resource-based cities were often accompanied by ecological environmental damage and low efficiency of technological innovation. The resource-based cities often need to make too much investment in the ecological environment to repair the damaged ecological environment, in turn, hindering the growth of the green economy. The third column presents the estimated results of Model 3. The interaction coefficient between innovative development and resource endowment was −6.1901, which passed the significance level test of 10%. This indicated that innovative development played a smaller role in promoting the growth of the green economy with the increase in resource endowment, and the inhibitory effect of resource endowment on green economic growth was less with the improvement in innovative development level, which proved Hypothesis 6. The reason was that the high dependence on natural resources limited the level of innovative development. This also reflected that resource-based cities need to increase innovation input and promote the policy choice direction of resource-based cities to eliminate resource dependence. The fourth column introduces the interaction term between resource endowment and innovative development on the basis of Model 2. The results showed that both the interaction term and the square term failed to pass the significance level test, which verified that no nonlinear relationship existed between resource endowment and green economic growth in Model 2, which further proved Hypothesis 1. From the perspective of control variables, the coefficient symbols of IS, GI, marketization level, and HC in Models 1, 2, and 3 were the same, and the coefficient of IS was positive, indicating that the current IS of resource-based cities was conducive to the development of green economy in resource-based cities, but the IS had not passed the significance level test. The coefficient of GI was negative, indicating that the government had suppressed the growth of the regional green economy through political behavior, that is, the policies and measures of the government of resource-based cities were not conducive to the green transformation of resource-based cities, but it had not passed the significance level test. The coefficient of marketization level was positive, indicating that the higher the marketization degree, the stronger the driving effect on the green economy of resource-based cities; however, it did not pass the significance level test. The coefficient of HC was positive, indicating that the HC promoted the green economic growth of resource-based cities, and passed the significance level test in Model 3. This means that, on the one hand, strengthening talent construction is conducive to improving technological innovation level and energy and resource utilization efficiency; on the other hand, high human capital is conducive to promoting the transformation of resource-based urban economic sectors to non-resource-based industrial sectors (Kurtz and Brooks, 2011; Lee and van der Heijden, 2019).
Robustness Test
This study carried out a robustness test of the main conclusions by replacing the explained variables and the explanatory variables to ensure the robustness of the baseline regression conclusion. It included explained variables using Getch and Geffch to replace the GML, and explanatory variables using authorized invention patents (Pat) instead of innovative development index (Id).
Table 4 reflects the replacement after explaining variable Models 1, 2, and 3 of the regression analysis results. The regression results of the model shows that the p values of AR (1), AR (2), and Sargan and Hansen statistics all indicated that the model setting was reasonable. According to Model 1, the coefficient of PAT was 0.0003, and it had passed the significance level test of 1%, indicating that technological innovation promoted the growth of the green economy. The coefficient of Re was −2.1331, which passed the significance level test of 5%, indicating that natural resources had a “curse” effect on the green economic growth of resource-based cities. The positive and negative signs of the two coefficients were the same as those of Model 1 in Table 5, which supported the robustness of the benchmark regression conclusion. According to Model 2, the coefficient of Re2 was −1.6553, which was consistent with the positive and negative signs of the coefficient of Re2 in Model 2 in Table 1, but did not pass the significance level test. This indicated that no nonlinear “inverted U-shaped” relationship existed between resource endowment and green economic growth, and the conclusion was consistent with the benchmark model. According to Model 3, the interaction term coefficient was −0.0013, which did not pass the significance level test, but was consistent with the interaction term coefficient of Model 3 in Table 1. After replacing the explanatory variable, the sign of the coefficient of the core explanatory variable was consistent with the baseline regression, which provided support for the result of the baseline regression.
TABLE 4 | Robustness test results: replace explanatory variables.
[image: Table 4]TABLE 5 | Green economic growth efficiency of input and output index.
[image: Table 5]Table 6 reflects the estimated results of models 1 and 3 after replacing the explained variable. From the estimated parameters of the model, the p values of AR (1) were all less than 0.05 and those of AR (2) were all greater than 0.05. Meanwhile, the p values of Sargan and Hansen statistics were all greater than 0.05, indicating that the model was set reasonably. Columns 1 and 3 are the estimated results of Model 1 after replacing variables, while columns 2 and 4 are the estimated results of Model 3 after replacing variables. The coefficients of innovative development were all positive, the coefficient of resource endowment was negative, and the coefficient of interaction term was negative, which was consistent with the estimated results of the baseline regression model. Among them, innovative development passed the significance level test in columns 3 and 4, but did not pass the significance level test in columns 1 and 2, that is, innovative development had a significant promoting effect on the change index of green technology efficiency, but its promoting effect on the green progress index was not significant. The resource endowments in columns 1, 2, and 4 all passed the significance level test, indicating that resource endowments had an obvious “curse effect” on the green technological progress index, but did not pass the significance level test in column 3. The interaction coefficients of innovative development and resource endowment were both negative, indicating that innovative development had less influence on the change index of green technology efficiency and green technology progress index with the improvement in resource endowment. The aforementioned results were consistent with the baseline regression results in Table 1, which proved that the estimation results in this study were robust.
TABLE 6 | Robustness test results: replace be explained variable.
[image: Table 6]Heterogeneity Analysis
This study aimed to analyze the impact of innovative development and resource endowment on the green economic growth of resource-based cities. Therefore, the heterogeneity test only reflected the estimated results of Model 1, mainly from the perspective of the heterogeneity of the economic geographic region that resource-based cities belonged to, the heterogeneity of resource endowment, and the heterogeneity of the life cycle of urban development.
Different Economic Regions
Table 7 reflects the heterogeneity analysis results of different regions of resource-based cities. According to the p values of the estimated parameters of the model, AR (1), AR (2), and Sargan and Hansen statistics, the setting of the model was reasonable.
TABLE 7 | Heterogeneity test results: different regions.
[image: Table 7]From the perspective of explanatory variables, regional heterogeneity was observed between innovative development and green economic growth of resource-based cities; however, no regional heterogeneity existed between resource-based green economic growth and resource endowment. The coefficients of innovative development in columns 1 and 3 of Table 2 are positive (1.2453 and 0.0446, respectively), indicating that innovative development could promote the green economic growth of resource-based cities in the eastern and central regions. However, only the innovative development variable in column 1 passed the significance level test. In columns 2 and 4, the coefficient of innovative development is negative (−1.3158 and −0.7025, respectively), and passed the significance level test. This indicated that innovative development had an inhibitory effect on the green economic growth of resource-based cities in northeast China and west China. This finding was consistent with that of Mushtaq et al. (2020), who revealed that innovation degraded the environment in the northwest region, while higher innovation improved the environmental quality in eastern and southwest regions. The reason was that the innovative development environment and development level in eastern and central China were better than those in less-developed northeast and western China, and innovative development could release the power of green economic growth more (Liu C. et al., 2020). The coefficients of resource endowment from column 1 to column 4 are all negative, indicating that resource endowment has an inhibitory effect on green economic growth of resource-based cities. This is because resource-based cities often face problems such as ecological environment destruction and environmental pollution (Meng et al., 2021), especially the resource-based industries are mostly heavily polluting industrial enterprises, such as oil, coal, steel, and other resource-based cities.
From the perspective of control variables, the coefficients of all control variables in columns 1–4 are not the same, indicating that the influence of IS, GI, marketization level, and HC on the green economic growth of resource-based cities also had regional heterogeneity. This was consistent with some previous studies (Ren et al., 2019). The IS coefficients in columns 1, 2, and 3 are negative, indicating that the IS had an inhibitory effect on the green economic growth in the eastern, northeastern, and western regions, and all of them passed the significance level test. The coefficient of IS in column 3 is positive, indicating that the IS had a promoting effect on the growth of the green economy in the central region, but it did not pass the significance level test. This is because the resource-based cities were mostly in underdeveloped areas, and the resource-based cities in the east have taken over the industries of the surrounding big cities, causing environmental pollution. The northeast and western regions have become pollution havens, as developed cities in the east and central regions shift to industries in the northeast and west. The coefficients of GI are also different, in which columns 1–3 are positive, but only columns 1 and 2 passed the significance level test, indicating that GI promoted the green economic growth of resource-based cities in the eastern, northeastern, and central regions. The coefficient of GI in the fourth column is negative, indicating that GI inhibited the green economic growth of resource-based cities in the western region, but it did not pass the significance level test. The coefficient of marketization level in columns 1–3 is negative, indicating that the marketization level hindered green economic growth in the eastern, northeastern, and central resource-based cities, and this inhibitory effect was only significant in the eastern region. The coefficient of marketization level from column 1 to column 3 is negative, indicating that marketization level hinders the green economic growth of resource-based cities in the east, northeast, and central China, and this inhibition effect is only significant in the eastern region. The coefficient of marketization level in western China is positive, but not significant. This shows that no matter in the eastern or central regions, resource-based cities in China are generally in underdeveloped areas with low marketization level. Human capital significantly promotes the resource-based cities in eastern and central green economic growth, promoting effect is not significant, in the western areas is not significant on the inhibitory effect of northeast area, the result is in China’s regional talent distribution characteristics, namely the eastern, central is relatively abundant, the west as China’s “western development” policy continues to advance. Human capital in the west has been improved, but northeast China has faced the problem of a brain drain in recent years (Yu and Chen, 2020).
Different Resource Properties
Table 8 reflects the heterogeneity test results of the benchmark regression in the samples of resource-based cities with different resource attributes. According to the estimation results of the model, the p values of AR (1) were all less than 0.05, and the p values of AR (2) and Sargan and Hansen statistics were all greater than 0.05, indicating that the estimation results of the model were reasonable. From the perspective of explanatory variables, the impact of innovative development and resource endowment on the green economic growth of different resource-based attributes was heterogeneous. The coefficient of innovative development in columns 1–5 is 0.1442, 0.0315, 0.4610, 0.9877, and 0.7142, of which columns 1 and 3, and rows 4 and 5 passed the significance level inspection, showing that innovative development of integrated urban and metal mold city green had obvious roles in promoting the economic growth; oil and gas and nonmetallic cities had an obvious inhibitory effect, but no significant inhibition of coal city was found. The coefficients of resource endowment are −1.7029, −1.1320, 0.6407, −1.7573, and 6.3583, respectively, and pass the significance level test in column 1, 2, and 3, indicating that resource endowment has a restraining effect on the green economic growth of comprehensive cities and coal cities, and has a significant promoting effect on oil and gas cities. However, resource endowment has no significant effect on inhibiting and promoting metal city and non-metal city. Qian et al. (2019) also found a resource curse effect in China’s coal-mining cities. The reason may be that the oil and gas cities were in the stage of development, and the natural resources of the nonmetal cities were less polluted, but the industries of the comprehensive, coal, and metal cities had been more mature, causing greater pressure on the ecological environment (Tan et al., 2017). From the perspective of control variables, the effects of IS, GI, and marketization level on green economic growth in cities with different resource attributes were not consistent, indicating that different natural resource endowments caused the differences in green development paths of resource-based cities. However, HC had a positive influence on the green economic growth of cities with different resource-based attributes and exhibited a significant promoting effect on the green economic growth of metal cities.
TABLE 8 | Heterogeneity test results: different resource attributes.
[image: Table 8]Different Life Cycles
Table 9 reflects the regression results of the samples of resource-based cities with different life cycles of Model 1. Overall, the p value of AR (1) in the model in columns 1–4 is less than 0.05, and the p values of AR (2) and Sargan and Hansen statistics are all greater than 0.05, indicating that the setting and estimation of the model were reasonable. From the perspective of explanatory variables, innovative development could promote the green economic growth of resource-based cities with different life cycles and had a significant promoting effect on the growth cities and regenerative cities. This finding was consistent with that by Xie et al. (2020), who found that technological innovation could promote the industrial green efficiency of different resource-based cities. The effects of resource endowment on resource-based cities with different life cycles were different, among which, resource endowment significantly promoted the green economic growth of mature and regenerative cities but hindered the green economic growth of declining and growing cities. The reason was that the mature urban resource industry was relatively mature, and the development and utilization efficiency of resources was relatively high. Although regenerative cities had eliminated the growth path of resource dependence, their industrial development still mostly relied on mature traditional resource-based industries. Growth cities were in the stage of rapid development of resource exploitation. The exploitation of resources and the production of resource-based industries do great damage to the ecological environment. In addition, the dependence of the economy on resources reduced the level of green development. The resources of recession-type cities tended to be exhausted or have been exhausted. After experiencing the growth and maturity periods, on the one hand, ecological and environmental problems are still present in history; on the other hand, industrial simplification restricted economic development. The restoration of the ecological environment and difficulties in industrial upgrading restricted the development of the green economy. From the perspective of control variables, none of the IS variables passed the significance level test. The influence of GI on resource-based cities with different life cycles was also different. Among them, GI in growing cities had a significant promoting effect on green economic growth, while the others did not pass the significance level test. The impact of the marketization level on the green economic growth of resource-based cities in different development cycles was also different. It had a significant promoting effect on the green economic growth of mature and regenerative cities, but a significant inhibitory effect on the green economic growth of declining and growing cities. HC had a significant inhibitory effect on the green economic growth of mature cities and a significant promoting effect on the green economic growth of growing cities. However, it had no obvious effect on the green economic growth of declining and regenerating cities. This may be because the development environment of resource-based cities with different life cycles had a different attraction to human resources.
TABLE 9 | Heterogeneity test results: different life cycles.
[image: Table 9]CONCLUSION
Main Conclusion
We studied the impact of innovative development and resource endowment on green economic growth in resource-based cities. The following conclusions were drawn through empirical tests. First, the green economic growth efficiency index of resource-based cities was measured based on the SMB model of unexpected output. The results showed that the green economic growth efficiency of resource-based cities in China exhibited an overall trend of rising fluctuation from 2004 to 2018, and the curve trend of green technological progress was basically the same as that of the green economic value-added index. The curve trend of green technological efficiency index, green economic growth index, and green technological progress index was opposite in 2017, which indicated that the green economic growth of resource-based cities in China mainly depended on the improvement in the green technological progress index, and accelerating technological innovation was conducive to the improvement in green economic growth (Zhai and An, 2021). Moreover, resource-based cities should not only improve the level of technological progress but also improve the level of green technology efficiency. However, the green economic growth index of different types of resource-based cities showed the difference in time and space, but the curve keeps rising and fluctuating. Second, innovative development promoted the green economic growth of resource-based cities, and innovation capacity was a key factor for the sustainable development of resource-based cities (Zhang and Cui, 2020). By adding the interaction term between innovative development and resource endowment into the benchmark model, the interaction term coefficient was found to be negative, indicating that the impact of innovative development on the green economic growth of resource-based cities was moderated by resource endowment, that is, the more abundant the natural resources, the less the impact of innovative development on green economic growth. This was because rich natural resources crowded out technological innovation and HC in non-resource-based industries (Han et al., 2020). Third, resource endowment had a restraining effect on the green economic growth of resource-based cities, that is, resource endowment had a “resource curse” effect on the green economic growth, which was consistent with the conclusion of Cheng et al. (2020). Adding the quadratic term of resource endowment to the benchmark model, the empirical results showed that the inverted U-shaped relationship between resource endowment and green economic growth was not significant. Fourth, this study also tested the heterogeneous impact of innovative development and resource endowment on green economic growth in resource-based cities with different economic regions, different resource attributes, and different life cycles. The results showed that the impact of innovative development on green economic growth was different in different economic regions and resource-based cities with different resource attributes. However, it was found that resource endowment only had different effects on green economic growth with different resource attributes and different life cycles, and a “resource curse” effect existed on the green economic growth of resource-based cities in different economic regions. Resource endowment had a significant “curse” effect on the eastern region, central region, comprehensive type, coal type, and mature resource-based cities, and a significant “blessing” effect on mature resource-based cities, while other types of resource-based cities had no significant effect.
Policy Implications
The empirical conclusion provided reliable support for dealing with the related problems of green economic growth in resource-based cities. To this end, we proposed the following policy recommendations. First, the conclusion of the GML index based on the SMB model of unintended output revealed that the green economic growth of resource-based cities promoted not only green technological progress but also green technological efficiency, which was because, in the past, the green technological efficiency of resource-based cities and green economic growth index changed in the opposite direction. The conclusion of the benchmark model also confirmed that innovative development significantly promoted the green economic growth of resource-based cities. Therefore, resource-based cities should strengthen technological innovation, especially the innovation level of green technology, optimize innovative talents, strengthen innovation support, improve technological progress index, and optimize green management and green organization structure to improve the efficiency of green technology (Zeraibi, et al., 2021) and promote industrial transformation. Promoting green economic growth in resource-based cities (Feng et al., 2019; Liang et al., 2021). Second, the conclusion of the benchmark model showed that resource endowment restrained the green economic growth level of resource-based cities, and resource endowment had a moderating effect on the relationship between innovative development and green economic growth. Therefore, on the one hand, resource-based cities should encourage and support innovation and new entrepreneurship, enhance the level of innovative development, and accelerate the development of new economy such as the continuation industry and non-resource-based industry, which were conducive to promoting the IS transformation of resource-based cities (Nikolaev and Krivovichev, 2019). In particular, the resource-based cities in less-developed areas in northeast China and western China, as well as coal-based, oil and gas, and nonmetallic resource-based cities should enhance the momentum of urban innovative development, change the previous resource-driven economic growth mode, and shift to the path of innovation-driven green economic growth (Hou et al., 2019). On the other hand, resource-based cities should enhance innovation support for non-resource-based industries, optimize talent policies, attract talents and technology to non-resource-based industries, and eliminate and reduce the crowding out effect of resource endowment on non-resource-based industries (Wang et al., 2019; Namazi and Mohammadi, 2018), so as to give full play to the maximum driving force of innovation and development to improve the level of green economic growth. Third, the heterogeneity test indicated that green economic growth in resource-based cities was different in time and space, which determined that the central government should change the previous regional economic policy of “efficiency first and fairness given consideration,” but should take both efficiency and equity into consideration to promote coordinated regional development (Sheng et al., 2014; Bong and Premaratne, 2018; Sun H. et al., 2019). According to the local development, the present situation of local government timely adjusted industrial policies and environmental policies, are both to promote local economic growth and pay more attention to the ecological environment. This required local governments to continuously optimize the local business environment, release the innovation vigor, and develop a new economy, to improve resource utilization efficiency, change IS, and realize green development. Fourth, the green economic development of resource-based cities in China is universal in resource-based cities. Our conclusion also provides a policy reference for resource-based cities in other developing countries to promote green economic growth, for example, for resource-based regions in Latin America and Africa, which are facing problems such as “resource curse” and “resource blessing” (Henri, 2019). Properly handling the relationship between innovative development, resource endowment, and green economic growth is conducive to the green and sustainable development of resource-based cities.
Future Work
Although the results of this study were robust, the study had some limitations. First, this study was based on the SMB model that calculated the index of green economic growth, but the green measure of economic growth and a variety of forms, especially, were the expected output indicators. The expected output of this study contained only industrial wastewater, industrial sulfur dioxide emissions (powder), and industrial smoke dust emissions; other pollutant indexes could not be measured, such as soil pollution, noise pollution, and so on. In the future, the construction of a multiindex analysis framework would be helpful to measure green economic growth accurately. Second, this study was based on the innovative development indicators measured by Big Data, but it could not measure the subdimensions of innovative development, such as green organizations and green institutions. In the future, subdimensions of innovative development based on Big Data methods should be built, and the impact of each dimension of innovative development on green economic growth should be analyzed more accurately.
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FOOTNOTES
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