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During their journey of developing, resource-based cities gradually deplete the resources on which they rely for survival. Scientific and reasonable research on the industrial and ecological aspects of resource-based cities is conducive to the coordinated development of cities. In order to further analyze the industrial structure of resource-based cities systematically and analyze the comprehensive level of resource-based cities from multi-dimensional perspective. This paper took 8 resource-based cities in Sichuan Province as the research object, and constructed the index system from two systems: industrial structure and ecological environment, then the shift-share analysis, entropy weight method and capacity coupling coefficient model were used to analyze their level of industrial structure, ecological environment and the coupling relationship respectively. According to the results of the study, it can be concluded that the main influencing factor in the development of industrial structure is the industrialmix effect, while the ecological level presents a decreasing level due to the lack of control of total industrial solid waste and energy consumption. The coupling degree between industrial structure and ecological environment in resource-based cities in Sichuan Province is relatively stable, and the coupling coordination degree also gradually tends to a stable state. In the subsequent development, the focus should be on the coal mining and dressing industry and the power, heat production and supply industry. Starting with the actual industrial structure of resource-based cities and specific indicators that affected the ecological environment, this paper hereby analyzed the development momentum and unified and coordinated development status of resource-based cities. The main purpose of this paper is providing some technical support for resource-based cities to improve their coordinated urban development, and giving policy suggestions for the coordinated development of resource-based cities.
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1 INTRODUCTION
A resource-based city is a city where the extraction and processing of natural resources are taken as the leading industry and an industrial chain is formed (Zongrun et al., 2023). However, the development of resource-based cities is accompanied by problems such as excessive consumption of natural resources, environmental damage and poor sustainable economic development (Xing et al., 2021). In this case, the way to balance the two aspects of industrial structure and ecological environment Yuan et al. (2022) and form a complete circular economy system to promote the coordinated development of resource-based cities (Han et al., 2021) has gradually become a focus of attention for scholars worldwide.
In terms of industrial structure in resource-based cities, most studies have concluded that the adjustment of industrial structure in resource-based cities can be approached from two perspectives: to refine resource-based industries (Li et al., 2022) and to cultivate non-resource-based industries (Malin et al., 2023; Yang et al., 2023). In terms of resource-based industries, some scholars have found that the high proportion of resource-based industries is the key to the poor coordinated development of resource-based cities (Wang, 2022). The reason is that resource-based industries tend to gradually lead to a single industrial structure and labor type in cities (Ruyin et al., 2021), as evidenced by the practice of Taiyuan City in resource-based cities (Wang et al., 2021). However, some scholars have expressed their disagreement, claiming that the development of resource-based industries should be further extended (Qi et al., 2018), and the energy efficiency of resource-based cities should be constantly improved on the basis of existing industries (Yufeng and Longshan, 2022). In terms of non-resource-based industries, most scholars suggest that in the subsequent development process of resource-based cities, investment in non-resource-based industries should be increased (Shi et al., 2022; Zhang and Gu, 2022). Some scholars also believe that non-resource-based industries have no effect on the coordinated development of resource-based cities (Yu et al., 2015), and that the promotion of non-resource-based industries may even lead to a downward trend in the economy of the city. In terms of the ecological environment of resource-based cities, the ecological environment is the foundation for human survival (Luguang et al., 2021) and occupies an important position in urban development. Due to the impact of industrial development (Sun and Liao, 2021), the ecological environment quality of resource-based cities is gradually declining, and diversified ecological problems such as soil erosion (Yang et al., 2020) and insufficient natural resources (Zhaorui and Jinman, 2020) are emerging one after another. For resource-based cities, one of the key measures to promote the coordinated development of resource-based cities is to enable decision-makers to clarify the basic situation of the ecological environment of resource-based cities and identify the constraints affecting the quality of the ecological environment of resource-based cities.
Related scholars have utilized different research models to analyze the development level of resource-based cities. These include: analytic hierarchy process (Yuying et al., 2019), principal component analysis (Huiyuan et al., 2022), grey relational analysis (Fangli et al., 2021), TOPSIS model (Yanqi et al., 2022), fuzzy evaluation comprehensive method (Biao et al., 2020) etc. Although these methods and models have certain advantages, they also have certain limitations, such as: they cannot consider the relationship between influencing factors, they are strong subjectivity, they cannot quantify the data, the analysis is more superficial, and they do not analyze the mechanism of coupled and coordinated mechanism of resource-based cities. In summary, although relevant research has provided a lot of experience for the coordinated development of resource-based cities, there is still controversy in the analysis of the mechanism for the coordinated development of resource-based cities. This is mainly attributed to the following shortcomings: ① The industrial structure of a single industry or a single type of industry (resource-based or non-resource-based industries) in resource-based cities is generally analyzed, without integrating the main industries in urban resource-based and non-resource-based cities; ② The coordinated development of resource-based cities is the result of a combination of multiple mechanisms. Besides, most of the above studies focus on the dimension of industrial structure or ecological environment, or analyze the role of industrial structure and ecological environment in the coordinated development of resource-based cities from a qualitative perspective. Therefore, this paper integrated the main industries contained in resource-based cities, systematically analyzed the industrial structure of resource-based cities, and analyzed the level of coupled development of resource-based cities in multiple dimensions. It aims to be able to provide a technical level for the study of the level of coordinated development of resource-based cities and provide targeted policy suggestions for the sustainable development of resource-based cities. By taking 8 resource-based cities in Sichuan Province as the research area, relevant data from 2010 to 2019 were hereby collected from a temporal perspective, with the connotation and characteristics of the industrial structure and ecological environment of resource-based cities comprehensively considered. Meanwhile, the contribution of the main industries of resource-based cities was integrated by using shift-share analysis (SSA), ecological environmental factors were studied by using entropy weight method (EWM), and the current status of the ecological environment was analyzed. Additionally, following the coupling and coordination mechanism of industrial structure and ecological environment, the mechanism of industrial structure and ecological environment on resource-based cities was quantified using the capacity coupling coefficient model, greatly promoting the coordinated development of resource-based cities.
The remainder of the paper is organized as follows: The first part outlines the research progress of resource-based cities in terms of industrial structure and ecological environment; The second part takes 8 resource-based cities in Sichuan Province as the research objects, introduces the data and methods used in the study, and constructs the industrial structure and ecological environment indicator system of resource-based cities in Sichuan Province; The third part uses SSA to analyze the development level of each industry in 8 resource-based cities in Sichuan Province from the perspective of industry types, quantifies the ecological environment status of 8 cities using EWM, and studies the mechanism of the coupling and coordination between industrial structure and ecological environment using the capacity coupling coefficient model based on the research results of the industrial structure and ecological environment of resource-based cities in Sichuan Province; The fourth part presents the conclusion, where relevant policy recommendations are proposed for the coordinated development of resource-based cities in Sichuan Province based on the research results, and the limitations of this study are summarized. The research framework of this paper is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Research framework.
2 OVERVIEW AND METHODS
2.1 Study area
China has identified 262 cities as resource-based (Yu et al., 2019), 13 of which are in Sichuan Province. Given that Aba Tibetan and Qiang Autonomous Prefecture and Liangshan Yi Autonomous Prefecture belong to ethnic minority areas and their development is relatively slow, Mianzhu City, Huaying City, and Xingwen County were not included in this study due to data and information collection issues. Therefore, 8 cities including Guangyuan City (GY), Nanchong City (NC), Guang’an City (GA), Zigong City (ZG), Luzhou City (LZ), Panzhihua City (PZH), Dazhou City (DZ) and Ya’an City (YA) were finally selected as the analysis objects (Figure 2).
[image: Figure 2]FIGURE 2 | Overview of the study area.
2.2 Data sources
Through literature review and comparison as well as comprehensive consideration of the research on the connotation and characteristics of resource-based cities in Sichuan Province, the structural characteristics including the composition of industries and the interrelationships between industries were refined from the perspective of resource intensive classification. Based on the current ecological situation and following the mechanism of coupling and coordinating industry and ecology, relevant data from 2010 to 2019 were collected from a temporal perspective to construct the industry and ecology indicator system for resource-based cities in Sichuan Province, which is shown in Table 1.
TABLE 1 | Index system of industrial structure and ecological environment.
[image: Table 1]2.3 Methods
SSA and EWM were hereby adopted for the analysis of the industrial structure development and ecological environment status of 8 resource-based cities in Sichuan Province. Based on this, the EIS index was used to analyze the robustness of the capacity coupling coefficient model, and the capacity coupling coefficient model was used for calculating the coordinated development of resource-based cities. The specific method is shown in Figure 3.
[image: Figure 3]FIGURE 3 | Method flowchart.
2.3.1 Data processing
The difference in the dimensions of each data unit as well as both the positive and negative effects of the indicator system selected in this paper made it difficult to calculate the indicators directly, so the standardized treatment of the indicators was carried out to normalize the values of the processed data indicators [0,1].
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where, [image: image] represents the normalized value of the original data after processing; [image: image], the data value of the [image: image] index of the [image: image] city; and [image: image] and [image: image], the maximum and minimum values of each indicator in the original data, respectively.
2.3.2 Shift-share analysis
Shift-Share Analysis (SSA) considers the changes in regional economy as a dynamic process, mainly based on the economic development as a reference. It decomposes changes in the economic aggregate of a region during a certain period into three components: the national growth effect, the industrialmix effect and the competitive effect (Zuo, 2022). In this way, it can explain the causes of regional economic development and decline, evaluate the strengths and weaknesses of the regional economic structure and its own competitiveness, identify the industrial sectors which have relative competitive advantages, and then determine the reasonable direction of the region’s future economic development and the principles of industrial restructuring. The main formula is as follows:
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where, [image: image] represents the overall economic scale of region [image: image] in the initial stage of the study; [image: image], the economic scale of region [image: image] as of time [image: image]; [image: image], [image: image], etc., the specific scale of the [image: image] industrial sector in the initial and final stages of region [image: image]; [image: image] and [image: image], the corresponding total economic development scale in the initial and final stages of the study; [image: image] and [image: image], the scale of the [image: image] industrial sector in the initial and final stages of the study; [image: image], the national growth effect; [image: image], the industrialmix effect; [image: image], the competitive effect; [image: image], the total amount of deviation; and [image: image], the total amount of growth.
2.3.3 Entropy weight method
Simply put, EWM evaluates the weight and importance of each indicator in the system as a whole by assigning weights to evaluation indicators (Xinyue et al., 2023).
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where, [image: image] denotes the raw data value of the [image: image] indicator ([image: image]) of the [image: image] object ([image: image]); [image: image]; [image: image], the standard deviation of the [image: image] indicator; [image: image], a constant; [image: image]; [image: image], the proportion of characteristic values of the [image: image] evaluation object under the [image: image] indicator; [image: image], the entropy weight of each indicator; and [image: image], the comprehensive evaluation index of the ecological environment.
2.3.4 Capacity coupling coefficient model
Herein, the capacity coupling coefficient model was adopted to analyze the interaction between two or more systems or forms of motion in physics in various ways. Its application in economic evaluation research reflects the interaction between systems, and provides a basis for exploring the evolution process from low to high, from simple to complex, and from disorder to order among systems. The formula is:
[image: image]
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where, [image: image] is the total contribution value of the industrial structure indicator system; [image: image], the total contribution value of the ecological environment indicator system; [image: image], the coupling degree; [image: image], the comprehensive evaluation index reflecting the overall synergy or contribution of the two systems of industrial structure and ecological environment; [image: image] and [image: image], the undetermined coefficients; and [image: image], the coupling coordination.
Based on the characteristics of the industrial structure and ecological environment of resource-based cities in Sichuan Province, the coupling degree was hereby divided into four stages: germination (0, 0.4], start (0.4, 0.6], stability (0.6, 0.8] and maturity (0.8, 1], which were then used as the criteria to judge the degree of mutual connection and promotion between the two. Meanwhile, the measurement standard for the coordination degree of industrial structure and ecological environment coupling was correspondingly established according to the relevant research (Si and Wang, 2018) (Table 2).
TABLE 2 | Measurement standards for the coupling and coordination between industrial structure and ecological environment.
[image: Table 2]2.3.5 Robustness analysis
Robustness test examines the robustness of the evaluation methods and the interpretation ability of indicators. In other words, it examines whether the evaluation methods and indicators still maintain a relatively consistent and stable interpretation of the evaluation results when certain parameters are changed (Xinyue et al., 2023). Herein, the calculation results of ESI index construction were compared with those of the capacity coupling coefficient model, and the results proved the stability of the calculation results of the capacity coupling coefficient model as well as its relative objectivity. Besides, the comprehensive warning index ESI was calculated based on EWM.
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where, [image: image] represents the weight of each indicator; [image: image], the [image: image] indicator; and [image: image], the indicator value of the indicator layer.
3 RESULTS
3.1 Industrial structural analysis
3.1.1 Analysis of SSA results of resource-based cities in Sichuan Province
Based on SSA, an analysis was hereby conducted on 11 main industries in 8 resource-based cities in Sichuan Province. According to the data obtained, the calculation results of SSA for industries in resource-based cities in Sichuan Province from 2010 to 2019 are shown in Figure 4.
[image: Figure 4]FIGURE 4 | SSA calculation results for resource-based cities in Sichuan: (A) calculation results of [image: image], [image: image] and [image: image]; and (B) calculation results of [image: image].
Figure 4; Table 3 reveal that the ranking of resource-based cities [image: image] and [image: image] in Sichuan Province is basically the same. GA ranks first, indicating that GA had the best economic growth and development among the 8 resource-based cities in Sichuan Province during 2010–2019, with [image: image], [image: image], [image: image] being 935 million yuan, 51.051 billion yuan and 34.707 billion yuan, respectively, followed by GY, YA, DZ, NC, ZG, LZ and PZH. According to Figure 3, [image: image] of each city exerts a limited impact on [image: image] and [image: image], and [image: image] determines the ranking of [image: image] and [image: image], demonstrating the structural arrangement of each industry as the main factor affecting urban development. Besides, it can be observed from the specific analysis of the [image: image] of 11 industries in resource-based cities in Sichuan Province (Table 4) that B9 has the largest total growth value, revealing its indispensable role in the economic development of the province, followed by B8 and B6, while the [image: image] of B1 indicates the necessity of adjustment in the development process of subsequent cities.
TABLE 3 | Ranking of industrial development in resource-based cities in Sichuan Province.
[image: Table 3]TABLE 4 | Analysis of the total growth of 11 industries in mineral resources cities of Sichuan Province.
[image: Table 4]3.1.2 Analysis on the benefits of the industrial economic structure of resource-based cities in Sichuan Province
From the perspective of specific urban industries (Figure 5), the industrial economic structure of NC and PZH is exposed to the following major problems: there are no industries with a completely reasonable industrial economic structure in these cities, but there are still differences between the two cities. The reason for the unreasonable industrial structure of NC is that the competitive effect from the total amount, that is, urban industries are not competitive. The reason for the unreasonable industrial structure of PZH is the industrialmix effect, suggesting that the various industries of PZH do not match the overall development of the resource-based cities in Sichuan Province. Among the industries in the 8 cities, the B8 and B2 industries have developed relatively well, suggesting the focus of the resource-based cities in Sichuan Province on metallurgy and non-metallic ore mining and dressing.
[image: Figure 5]FIGURE 5 | The results of the industrial economic structure of resource-based cities in Sichuan Province: (A) DZ, (B) GA, (C) GY, (D) LZ, (E) NC, (F) PZH, (G) YA, and (H) ZG.
3.2 Ecological environment analysis
3.2.1 Analysis of overall level change of the comprehensive analysis index of ecological environment
Herein, EWM was used to determine the weight. On this basis, the comprehensive analysis index of the ecological environment of resource-based cities in Sichuan Province from 2010 to 2019 was calculated using the comprehensive index model, as shown in Figure 6.
[image: Figure 6]FIGURE 6 | Comprehensive analysis results of ecological environment of resource-based cities in Sichuan Province.
As shown in Figure 6; Table 5, firstly, among the 8 resource-based cities in Sichuan Province, PZH has the largest comprehensive analysis index of ecological environment, followed by GA, LZ, YA, GY, DZ, ZG, and NC. The change of the comprehensive evaluation results from 2010 to 2019 reveal that the overall ecological environment of resource-based cities in Sichuan Province presents a downward trend, indicating resource-based cities in Sichuan Province overlooking the protection of the ecological environment due to economic development from 2010 to 2019. Secondly, among the 8 cities, the ecological environment status of DZ, GY, and ZG shows a downward trend year by year, while the comprehensive analysis index of the ecological environment of LZ, PZH, and YA cities exhibits an upward trend. The difference is that YA shows a “U-shaped” growth trend. Additionally, the ecological environment of NC and GA is relatively stable.
TABLE 5 | Change rate of the comprehensive analysis results of ecological environment of resource-based cities in Sichuan Province.
[image: Table 5]3.2.2 Correlation analysis between the change characteristics of the comprehensive analysis index of ecological environment and the impact factors of ecological environment
In order to further analyze the ecological environment path of resource-based cities in Sichuan Province, the specific relationship between the change characteristics of the comprehensive index of the ecological environment of these 8 cities and the influencing factors were analyzed. As shown in Figure 7, C7 is the main factor affecting the ecological environment of resource-based cities in Sichuan Province.
[image: Figure 7]FIGURE 7 | Analysis results of the importance of ecological environment impact factors in resource-based cities in Sichuan Province.
According to changes in the importance of the ecological environment impact factors in recent years, it can be concluded that: ① The impact of C7 on the resource-based cities in Sichuan Province is being continuously enhanced, although it ever declined in 2014, and the overall situation exerts a significant impact of C7 on the 8 resource-based cities; ② The impact of C5 on resource-based cities in Sichuan Province has been weakening year by year, which indicates that the total energy consumption has been relatively controlled, and all these 8 cities have gradually realized the necessity to maintain the stable development of the ecological environment for reducing the consumption of natural resources.
3.3 Research on the coupling relationship between industrial structure and ecological environment
3.3.1 Calculation and analysis of the coupling degree between industrial structure and ecological environment in resource-based cities
Herein, the calculation of the coupling degree between the industrial structure and ecological environment of resource-based cities was mainly based on the relevant data of resource-based cities in Sichuan Province from 2010 to 2019. The contribution results of each indicator were calculated using the EIS index and capacity coupling coefficient model calculation methods, and Wilcoxon was used for significance testing. The results of the two sets of data passed the test (**p < 0.005), indicating a difference between the two sets of data. At the same time, the standard deviation of the two sets of data was used for judgment, and it was found that the standard deviation of the capacity coupling coefficient model is significantly smaller than the EIS index (Table 6), indicating the good applicability of the capacity coupling coefficient model, the effectiveness of the calculation results and reasonability of the method.
TABLE 6 | Contribution results of capacity coupling coefficient model calculation and ESI index contribution results.
[image: Table 6]In the selection of the [image: image] value, considering the actual situation of the two systems and combining the previous research results (Si and Wang, 2018), [image: image] and [image: image], namely, [image: image]. The total contribution value, coupling degree and coupling coordination of industrial structure and ecological environment of resource-based cities in Sichuan Province were correspondingly calculated, and the results are shown in Table 7.
TABLE 7 | Total contribution value of industrial structure, total contribution value of ecological environment, coupling degree, and coupling coordination scheduling of resource-based cities in Sichuan Province.
[image: Table 7]It can be observed from Table 7 that the total contribution value of the industrial structure of resource-based cities in Sichuan Province was relatively stable from 2010 to 2019, basically maintaining a value above 0.290, while that of ecological environment was doubled, increasing from 0.368 to 0.752. Besides, there was a coupling relationship and interaction between industrial structure and ecological environment in resource-based cities in Sichuan Province. The coupling degree in 2010 and 2019 was 0.497 and 0.450, respectively, but this was in the initial stage of coupling, and the interaction did not reach the cut-off value of 0.6, indicating a low level of coupling between the industrial structure and ecological environment of resource-based cities in Sichuan Province, which was in the stage of spontaneous coupling. Additionally, the coupling and coordination degree between industrial structure and ecological environment of resource-based cities in Sichuan Province was 0.409 (near imbalance) in 2010 and 0.506 (barely coordinated) in 2019. The data also reveal the increasingly strengthened coupling and coordination between industrial structure and ecological environment of the resource-based cities in Sichuan Province year by year. In addition, the industrial structure and ecological environment have shifted from their disorderly development to the orderly and common development.
3.3.2 Analysis of index efficiency coefficients of industrial structure and ecological environment in resource-based cities
In order to identify indicators imposing a significant impact on the resource-based industrial structure and ecological environment systems in Sichuan Province, the growth values of the indicator efficacy coefficients of the industrial structure and ecological environment systems in Sichuan Province from 2010 to 2019 were calculated, and the results are shown in Table 8.
TABLE 8 | Growth value of index efficiency coefficient of industrial structure and ecological environment in Sichuan Province from 2010 to 2019.
[image: Table 8]It can be seen from Table 8 that in the industrial structure, B1 and B10 have the largest growth value of the efficiency coefficient, and the contribution value is gradually prominent. Meanwhile, the growth value of the efficiency coefficient of B2 is −0.033, indicating that the contribution value of B2 decreases the most in the industrial structure. Besides, in the ecological environment, C7 is the largest indicator of the efficiency coefficient growth value, indicating that the contribution value of C7 to the ecological environment increased gradually during 2010 and 2019. On the contrary, C5 has gradually reduced its impact on the ecological environment.
4 CONCLUSION
This paper mainly focuses on the research of the coupling and coordinated development of resource-based cities, and summarizes the following content based on the results.
4.1 Implications to theory and practice
Summarizing the impact of the research results on theory and practice in this paper, it can be concluded that:
On the basis of existing industrial structure and ecological environment, this paper emphasizes the coupling evaluation research of resource-based cities in terms of industrial structure and ecological environment, and enriches the research content of promoting the coordinated development system of resource-based cities. At present, the evaluation of industrial structure in resource-based cities is basically based on single industry or single category industry, without sufficient attention to the specific types of industries. However, this paper integrates resource-based and non-resource-based industries, conducts research from specific types of industries, and comprehensively analyzes the two main factors affecting the coordinated development of cities, namely industrial structure and ecological environment, no longer limited to a certain type. Meanwhile, research on the coordinated development of cities has jumped out of the limitation of the national or regional level. Instead, the “resource-based city” is chosen as a type of city with high energy consumption and pollution characteristics. Overall, this study offers certain theoretical guidance significance for resource-based cities to seek a path of reform and gradually improve the level of coordinated urban development.
This paper uses panel data of cities to empirically analyze the level of urban industrial structure, ecological environment and coupling level of resource-based cities in Sichuan Province, further enriching and improving the empirical analysis method of urban coupling and coordination. The research results provide relevant decision-makers with a correct understanding of the problems in achieving comprehensive coupling and coordinated development of resource-based cities as a whole, based on which, reasonable macro policies can be formulated to provide references. The rise and fall of resource-based cities determine the economic development trend of the city and its surrounding areas. Only when resource-based cities have a suitable level of urban development, adapt to the global development trend, and gradually establish the ability to coordinate development, can they further enhance the competitiveness of the city and continue to drive the economic development of its surrounding areas. Additionally, correct policy guidance is necessarily important to improve the development level of resource-based cities. The research results of this paper have certain reference value and practical guidance for the policy-making of relevant decision-makers.
4.2 Main conclusion
By analyzing the industrial structure, ecological environment, and the coupling relationship between industrial structure and ecological environment of resource-based cities in Sichuan Province, the following inspirations can be summarized:
During the period from 2010 to 2019, GA had strong industrial development capabilities, while PZH performed poorly, which is mainly attributed to the influence of the industrialmix effect ([image: image]), indicating that the more reasonable the structure among the industries within a resource-based city is, the better the industrial development of the city will be. Further based on the results of industrial economic structure benefits in various cities, it can be observed that from the perspective of resource-based cities in Sichuan Province as a whole, B2 (Non-metallic ore mining and dressing industry) and B8 (Metallurgical industry) are the two main industries that promote the development of resource-based cities, while from the specific situation of 8 cities, B9 (Electromechanical industry) explains the differences in urban industrial development. This indicates the necessity of the further development of electromechanical integration for the adjustment of the urban industrial structure and the promotion of the further development of cities.
Within the research time frame, resource-based cities in Sichuan Province have shown an overall downward trend, while from the perspective of each city, PZH has the best ecological environment and is showing an increasing trend year by year. Further analysis of the influencing factors of the ecological environment indicates that C5 (Total energy consumption) and C7 (Industrial solid waste output) have the greatest impact on the urban ecological environment and the degree of impact changes, suggesting that the main measures for resource-based cities in subsequent ecological environment protection should be adjusted by reducing industrial waste and controlling total energy consumption.
Comparing the calculation methods of the EIS index and the capacity coupling coefficient model, the two sets of results confirm the good applicability of the capacity coupling coefficient model. Based on the calculation results of the capacity coupling coefficient model, analyzing the coupling situation between the industrial structure and ecological environment of resource-based cities in Sichuan Province, it can be concluded that the coupling degree ([image: image]) of the two systems is currently relatively stable, there is mutual interaction between the two systems, and the coupling co scheduling ([image: image]) is gradually improving in the region, indicating that the development of the two systems is gradually being orderly and efficient in cooperating with each other. It can be observed from the growth value of the indicator efficacy coefficient that the values of coal mining and B1 (coal mining and dressing industry), B10 (power, heat production and supply industry) and C7 (industrial solid waste output) are relatively large, which play a key role in urban coupling development and should be taken into consideration while promoting coordinated urban development in the future.
4.3 Policy recommendations
Implementing stable and coordinated development in resource-based cities is not only a necessary path for the sustainable development of resource-based cities, but also an inevitable requirement for implementing ecological civilization construction. Based on the main conclusions drawn in this paper, the following targeted policy recommendations are proposed for resource-based cities:
Stable development of industrial structure is necessarily important. Industrial structure adjustment is an important issue in urban development. Adjusting and establishing a stable industrial structure can promote economic and social development as well as the material and cultural life of the citizens. Resource-based cities should vigorously develop advantageous industries on the basis of their existing resource advantages, and provide guarantees for the internal factors such as electricity, land and water consumption of enterprises in the city, so as to ensure the basic integrity of their industrial chain. Besides, efforts should be made to cultivate leading enterprises to improve industrial agglomeration, enhance the economic benefits of scale, integrate talent, technology, capital and management resources, promote the concentration of production factors towards urban advantageous enterprises and products, strengthen the integration of leading enterprises and small enterprises, promote supporting cooperative production between urban small enterprises and leading enterprises, enhance industrial agglomeration, and improve the comprehensive competitiveness of industries.
The comprehensive management level of the ecological environment should be improved. Resource-based cities should continue to consolidate the achievements of pollution permit coverage, promote the introduction of pollution prevention and control laws and pollution permit management regulations in the ecological environment, promote the establishment of a remote supervision system with automatic monitoring as the core, and organize the monitoring of industrial wastewater, exhaust gas and waste. In addition, it is necessary to conduct actual investigations on industrial enterprises, establish pilot ecological environment monitoring, integrate modern information technology with the field of ecological environment monitoring, highlight the role of modern information technology in the field of ecological environment monitoring, and establish a sound ecological environment monitoring network based on modern perception technology and big data technology. Besides, they should collaborate with surrounding cities to carry out joint prevention, control, and governance of the ecological environment, so as to form a systematic ecological environment protection system.
The layout of urban industries should be optimized. Factors affecting the development of resource-based cities are complex, and the layout should thus be optimized to promote the coordinated development of resource-based cities. The advantage of resource-based cities lies in the abundant reserves of natural resources such as coal. Therefore, resource-based cities should accelerate their development scale, actively carry out exploration, improve the scientific and technological innovation system and mechanism of the coal industry, increase their investment in research and development and scientific research platform construction in the coal industry, and strive to improve the level of clean and efficient utilization of coal. In addition to stabilizing the development of the coal industry, it is also necessary to develop industries supported by sustainable energy. The Power, heat production and supply industry plays an important role in the development of resource-based cities. Resource-based cities should, under the guidance of the management system, main laws and regulations as well as policies of the power, heat production, and supply industries, create an efficient, clean and sustainable electric heating industry without affecting the ecological environment.
4.4 Limitations of this research
The limitations of this study mainly include the following two points:
The difficulty of data acquisition results in a certain degree of subjectivity in the collection of industrial and ecological indicators in this paper. In the subsequent research process, the study focus will be placed on enriching the selection of indicators (Zuo, 2022).
In the case of using the capacity coupling coefficient model to calculate the industrial structure and ecological environment of resource-based cities in Sichuan Province, the coefficients in the model are undetermined and need to be determined through reference literature and previous research results. Besides, there are subjective factors, and in the subsequent research process, the undetermined coefficients in the capacity coupling coefficient model are objectively determined to improve the capacity coupling coefficient model. Thus, further attempts should be made to achieve a more accurate calculation of the coupling relationship between two systems (Si and Wang, 2018).
This paper fully considered the development characteristics of resource-based cities and took 8 resource-based cities in Sichuan Province as the research objects. The industrial development level and ecological environment comprehensive level of resource-based cities in Sichuan Province were respectively analyzed by using SSA and EWM. The coupling relationship between industrial structure and ecological environment was analyzed using the capacity coupling coefficient model. It has been summarized that in the subsequent development process of resource-based cities in Sichuan Province, attention should be paid to the level changes of industrialmix effect in the industrial structure, and the total amount of industrial solid waste and energy consumption should be reduced in the ecological environment. The main measures to promote the coordinated development level of resource-based cities should be to develop the coal mining and dressing industry and the power, heat production and supply industry, as well as the production and supply of electricity and heat. The research results of this paper can provide certain technical support for the research on the coordinated development level of resource-based cities, and can also provide targeted policy recommendations for the coupled and coordinated development of resource-based cities.
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