[image: image1]How does the coupling coordination between high-quality development and eco-environmental carrying capacity in the Yellow river basin over time?

		ORIGINAL RESEARCH
published: 27 May 2024
doi: 10.3389/fenvs.2024.1403265


[image: image2]
How does the coupling coordination between high-quality development and eco-environmental carrying capacity in the Yellow river basin over time?
Li Ma1,2*, Xuecheng Zhao3, Bijiao Yan3, Jierong Fan3, Meimei Wang3 and Mengqin Liu4
1School of Electronic and Information Engineering, Lanzhou Jiaotong University, Lanzhou, China
2School of Electronic and Electrical Engineering, Lanzhou Petrochemical University of Vocational Technology, Lanzhou, China
3College of Earth and Environmental Sciences, Lanzhou University, Lanzhou, China
4College of Environment and Resource, Southwest University of Science and Technology, Mianyang, China
Edited by:
Meng Zhu, Chinese Academy of Sciences (CAS), China
Reviewed by:
Wanxu Chen, China University of Geosciences Wuhan, China
Huaxi Yuan, Zhongnan University of Economics and Law, China
* Correspondence: Li Ma, marylovemali@126.com
Received: 19 March 2024
Accepted: 08 May 2024
Published: 27 May 2024
Citation: Ma L, Zhao X, Yan B, Fan J, Wang M and Liu M (2024) How does the coupling coordination between high-quality development and eco-environmental carrying capacity in the Yellow river basin over time?. Front. Environ. Sci. 12:1403265. doi: 10.3389/fenvs.2024.1403265

Introduction: The Yellow River Basin is an important national energy base and ecological protection area, and it is of great significance to promote the coordinated development of high-quality development and eco-environmental carrying capacity in the region.
Methods: Taking the 73 prefecture-level cities along the Yellow River as the study unit, this paper measures the changes of high-quality development level and eco-environmental carrying capacity of municipalities from 2005 to 2020, using the coupling coordination degree model and fuzzy logic algorithm.
Results and discussion: 1) The capital city and its surrounding cities have a high level of high-quality development, with the lower and middle reaches of the Yellow River having higher levels than the upper reaches. From 2005 to 2020, the level of high-quality development showed an upward trend. 2) The eco-environmental carrying capacity of cities in the lower reaches is higher than that in the upper reaches. From 2005 to 2020, the eco-environmental carrying capacity of cities in the lower reaches of the Yellow River increased first and then decreased. 3) The provincial capital cities have a high degree of coupling coordination, with cities in the lower reaches having a higher level than those in the middle and upper reaches. A high degree of coupling coordination reduces spatial differences, but dominated by primary coordination. 4) From 2005 to 2020, the eco-environmental carrying capacity tended to be coordinated with the high-quality development, close to a high level and system optimization. In the end, we conclude with policy recommendations to promote high-quality urban development and harmony between people and nature in the region.
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1 INTRODUCTION
According to the report of the 19th National Congress of the Communist Party of China, China’s economic development has entered a new era, shifting from a stage of high-speed growth to a stage of high-quality development. High-quality development is based on new ideas, with innovation as the primary driving force, coordination as an endogenous feature, green as a universal form, openness as the only way, and sharing as the fundamental purpose of development. The carrying capacity of the ecological environment refers to the intensity of human activities that the ecosystem can withstand. Therefore, promoting the coordination of high-quality development and ecological environmental carrying capacity is of positive significance to promote regional economic development and ecological harmony. The Yellow River is an important ecological barrier in China. In September 2019, General Secretary Xi Jinping put forward five suggestions on the ecological protection and high-quality development of the Yellow River Basin at a symposium on ecological protection and high-quality development in Henan Province; in October 2021, he stressed the necessity of scientific analysis of the current ecological protection and high-quality development situation at a symposium on the in-depth promotion of ecological protection and high-quality development of the Yellow River Basin, pointing out that we should implement the strategic plan of ecological protection and high-quality development, and unswervingly take the modern road of ecological priority and green development. All the above reflects the importance of the Yellow River Basin. The eco-environmental carrying capacity and high-quality development of the Yellow River Basin in the new era are related to China’s food security, energy security, ecological security and cultural heritage (Li et al., 2019; Jin et al., 2020).
The Yellow River Basin itself has a long-standing contradiction between water resources supply and demand, and frequent flood disasters. On this basis, the ecological environment around the basin, especially in the source area of Kariqu in Qinghai Province, is fragile and the protection task is heavy. The economic development of the Yellow River Basin has been constrained by the ecological environment for a long time, but the Yellow River itself has brought some assistance to urban development, industry and agriculture. There is a mutual constraint and interaction between ecological civilization construction and high-quality development. It is of great significance to analyze the coupling between the long-term contribution of ecological protection and high-quality economic development, and the existing level of ecological environment carrying capacity, in order to propose future synchronous improvement strategies.
The ecological environment of the Yellow River Basin has always been the focus of scholars’ research, and as early as the 1980s, scholars proposed the impact of ecological damage on economic development (Wang, 1988). In the 1990s, Luo analyzed the ecological and environmental problems of agricultural development, such as soil erosion, land wind erosion, and soil salinization from the perspective of sustainable agricultural development (Luo et al., 1995). In addition, there has been an increase in research on its ecological and environmental issues and on its coordinated development, such as the establishment of the concept of coordinated ecological and economic development proposed by Zhu (1994). Hou analyzed the main ecological problems in the source area and proposed sustainable development countermeasures (Hou et al., 2001). Therefore, it is of great significance to attach importance to the relationship between ecological environment and regional development to promote coordinated development.
With the ecological carrying capacity and high-quality development of the Yellow River Basin identified as a national strategy in 2019, the ecological environment and high-quality development of the region have received widespread academic attention. High-quality development involves the connotation, basic conditions, core strategies and measurement of a high-quality development construction index system (Xu et al., 2020; Yang et al., 2020). The study on the ecological carrying capacity includes analysis of its spatial and temporal evolution, ecological vulnerability assessment and prediction, and ecological restoration (Yang et al., 2021; Ru and Ma, 2022; Zhang, 2022). In addition, early in the 1990s, Grossman proposed the widely being used environmental Kuznets curve (EKC) hypothesis about the coupling relationship between economic growth and ecological environment (Grossman and Krueger, 1992; Saleem, 2019; Dogan and Inglesi-Lotz, 2020).
Moreover, the coupling coordination of ecology, environment, economy and energy, one of the keys to the high-quality development of the Yellow River Basin, is of great significance to promote the sustainable development of the region (Zhao et al., 2021a; Zhao et al., 2021b). Liu analyzed the coupling coordination relationship between economic development and ecological environment in 36 cities in the Yellow River Basin, and pointed out that the coordination between economic development and ecological environment needs to be urgently addressed (Liu et al., 2020). Therefore, there are many studies focusing on the coordinated development of the two, such as Yu paid attention to ecological protection and high-quality development issues and made suggestions (Yu and Fang, 2020). Gen placed their focus on the relationship between ecology, tourism and urbanization (Gen and Shao, 2022). Zhu studied the relationship between carbon emissions and economic development (Zhu et al., 2021). Many scholars, such as Cui et al., with focus on the coupling coordination relationship between the two, constructed a system of ecological environment and high-quality development indexes to analyze their temporal and spatial coupling characteristics (Cui et al., 2020). Sun chose the evaluation and trends of coupling coordination as their perspective in study (Sun, 2021). Xin studied the coupling coordination between eco-environmental protection and high-quality development in the Yellow River Basin using data from 2003 to 2018, and concluded that the coupling coordination improved year by year across the Yellow River Basin. They also predicted that the eco-environmental protection and high-quality development of the Yellow River Basin will step into a coordinated stage by 2019–2023 (Xin and Liu, 2022).
In summary, the research on the coupling and coordination between the carrying capacity of the Yellow River Basin’s ecological environment and the level of high-quality development is in a mature stage of continuous improvement. However, there are problems such as one-sided selection of measurement indicators, incomplete perspectives, and insufficient research on urban data. The spatiotemporal evolution laws need to be further revealed. It is imperative to further explore and improve the coupling coordination degree and collaborative development path of the ecological environment carrying capacity and high-quality development in the Yellow River Basin. Based on this, this article improves the two basic aspects of data selection and measurement, quantitatively judges the degree of ecological and economic coordinated development in the Yellow River Basin, which is conducive to scientifically evaluating the rationality of the development model of the Yellow River Basin and providing decision-making reference for achieving regional sustainable development.
This paper tries to answer two questions:
(1) How does the coupling coordination between high-quality development and eco-environmental carrying capacity of cities in the Yellow River Basin change over time?
(2) What is the strategy of coupling coordination between high-quality development and eco-environmental carrying capacity of cities in the Yellow River Basin?
2 STUDY AREA AND DATA SOURCES
The Yellow River basin is bounded by Kunlun in the west, Yinshan in the north, Qinling Mountains in the south and Bohai Sea in the east, middle and western parts of China. It is an important ecological security barrier, an important area for population activities and economic development, and plays a pivotal strategic role in the overall development of the country and the overall socialist modernization drive in China. However, the Yellow River has always been “weak and sickly”, with poor ecological background, shortage of water resources, serious soil erosion and weak carrying capacity of resources and environment. The unbalanced and inadequate development of provinces and regions along the Yellow River is particularly prominent.
The Yellow River Basin is a geographic and ecological area affected by the Yellow River system from its source to its confluence with the sea. It is customary to call the provinces and regions through which the Yellow River flows collectively the Yellow River Basin. The watershed spans four geographic units: the Qinghai-Tibet Plateau, the Inner Mongolia Plateau, the Loess Plateau and the Huanghuaihai Plain, from west to east. The Yellow River, known as the Great River in ancient China, originates from the Bayan Har Mountains in Qinghai Province, China, and flows through 9 provinces and regions: Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia, Shaanxi, Shanxi, Henan, Shandong, finally joining the Bohai Sea in Kenli District, Dongying, Shandong Province (Wang et al., 2020; Zhao et al., 2021c). In this paper, 73 prefecture-level cities (Figure 1) along the Yellow River are studied and a total of 57 cities are included in the calculation (except for 16 with some data missing due to their remote location and long-time span).
[image: Figure 1]FIGURE 1 | Cities in the Yellow river basin.
The original indexes used in this study come from the statistical data of cities and the statistical yearbooks of 9 provinces (autonomous regions) in the Yellow River Basin from 2005 to 2020, with 2005, 2010, 2015 and 2020 as four time nodes.
3 INDEX SYSTEM CONSTRUCTION AND MEASUREMENT
3.1 Index system construction
3.1.1 High-quality development index system
According to relevant studies, the selection of high-quality development evaluation index system is mainly based on the understanding of its connotation, including the construction of index system based on the five concepts for development (Li and Ren, 2019; Sun et al., 2023), or the inclusion of “the contradiction between people’s ever-growing needs for a better life and unbalanced and inadequate development” into the index system (Guo et al., 2020). The selection of the indexes for the high-quality development of cities in the Yellow River Region complies with the principles of being scientific, systematic and accessible. Based on the five development concepts of “innovation, development, openness, sharing and greening”, the paper introduces five primary indexes of innovation, development, openness, sharing and greening according to the existing research results (Li and Liu, 2022) depending on the actual conditions of the Yellow River Basin, as shown in Table 1.
TABLE 1 | High-quality development index system.
[image: Table 1]3.1.2 Eco-environmental carrying capacity index system
The eco-environmental carrying capacity is the ability of the resource and environmental subsystems to supply and maintain a certain intensity of socio-economic activities and population under specified conditions, given that the ecosystem is able to self-sustain and self-regulate. According to the existing literature (Liu et al., 2021) and the reality of the study area, this paper constructs ecological and environmental carrying capacity evaluation indexes based on three dimensions of pressure, status and response, including 2 secondary pressure indexes based on population growth and urbanization level, 2 status indexes based on pollution emission and 2 response indexes based on environmental management, a total of 6 indexes, as shown in Table 2.
TABLE 2 | Eco-environmental carrying capacity index system.
[image: Table 2]3.2 Measurement of high-quality development level and eco-environmental carrying capacity
3.2.1 Fuzzy logic algorithm
In classical binary logic, “1” and “0” are usually used to indicate the truth or falsity of a proposition. In practice, a proposition is no longer true or false, but “partially true”, and usually expressed in terms of affiliation as a transition value between [0–1], which is called fuzzy logic and used to identify a degree. It is more effective in capturing the approximate and imprecise values of vague concepts with clear connotations and unclear extensions, so that the measurement results are closer to reality. It has been widely used in recent years (Iancu, 2018; Shruti et al., 2020). This paper constructs an index system for high-quality development level from five prospectives of “innovation”, “development”, “openness”, “sharing” and “greening”, and measures eco-environmental carrying capacity in three ways: “pressure”, “status” and “response”. These are fuzzy problems and the measurement of high-quality development level and eco-environmental carrying capacity by fuzzy logic algorithm can offer a more reliable result. According to the relevant literature, the fuzzy logic algorithm includes three steps: fuzzifying the definite value using the subjection function; conducting fuzzy inference by fuzzy rules; and defuzzifying the fuzzy output to get the definite value (Zhao et al., 2013).
(1) Fuzzifying
In this paper, 10 indexes of high-quality development level and 6 indexes of eco-environmental carrying capacity are measured by two fuzzy logic models, and both input and output indexes are measured by triangular subjection functions:
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Where, x represents index value, and [image: image] represents subjection degree of the input index, with values ranging from 0 to 1; a, b, c are determined depending on the distribution of index values by fuzzy rules, with a and c standing for the left and right vertices of the lower part of the triangle, and b corresponding to the upper part of the triangle. Similarly, [image: image] is the subjection degree of the output index, with values ranging from 0 to 1.
(2) Establishment of fuzzy rules
In the algorithm, “if-then” is used to establish rules as in Equation 2 and Mamdani method is adopted for fuzzy reasoning.
[image: image]
Where, [image: image] represents the result of fuzzification of each index value, [image: image] represents the ith set of the jth index, and there are 3n rules according to the number of selected indexes and the rules developed. That is, there are 59,049 fuzzy rules for high-quality development level and 729 for eco-environmental carrying capacity in this paper. Y represents the calculated result based on all indexes.
(3) Defuzzifying
The center-of-gravity method is used to defuzzify and get the output value. That is, the center of gravity of the area enclosed by the subjection function curve and the horizontal coordinate is taken as the final output value of the fuzzy logic inference, calculated as follows:
[image: image]
Where, y represents the calculated result based on all indexes, [image: image] is the subjection degree of the output index, with values ranging from 0 to 1.
3.2.2 Coupling coordination degree model
In this paper, the synergy between the high-quality development (HD) level and the eco-environmental carrying capacity (ECG) is measured using a coupling coordination degree model (Wang et al., 2021), as shown in Eq. 4–6:
[image: image]
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Where, [image: image] or [image: image] represents HD or ECG, and [image: image] is the maximum. C represents the coupling degree of HD and ECG, with values in a range of [0,1]; T is the integrated development index of HD and ECG; α and β are coefficients to be determined; R is the coupling coordination degree.
3.2.3 Relative development degree model
The coupling coordination degree model reflects the coupled coordination relationship between eco-environmental carrying capacity l and high-quality development, but t fails to clearly show the relative development degree of both, so the relative development model is introduced to seek the relative development index of both, which has been widely used in this field (Bi et al., 2017; Qi and Zhang, 2022). The calculation formula is shown in (7).
[image: image]
Where, D represents the relative development degree, EGG and HD represent the eco-environmental carrying capacity value and the high-quality development level value, respectively. According to the studies available and the calculated coupling coordination, the coupling coordination is classified into 3 categories by the criteria as shown in Table 3.
TABLE 3 | Criteria for dividing the stage of coupling coordination between eco-environmental carrying capacity and high-quality development level.
[image: Table 3]4 RESULTS AND ANALYSIS
4.1 Spatial and temporal patterns of high-quality development level changes in the cities of the Yellow river basin
According to the calculation, the mean values of high-quality development level in the Yellow River Basin in 2005, 2020, 2015 and 2020 were 0.353, 0.417, 0.453 and 0.469 respectively, in a rising trend. It is equally divided into four categories according to its range of distribution, as shown in Figure 2. The Yellow River Basin is characterized by significant spatial differences in high-quality development, specifically, 1) provincial capitals in the Yellow River Basin have a high level of high-quality development, with a higher level in the lower reaches than in the upper reaches, showing the rank-size rule to some extent; 2) cities in the middle and lower reaches of the Yellow River Basin have a higher quality development level than those in the upper reaches in general, for example, some cities in Shandong Province in the lower reaches and some cities in Shanxi Province in the middle reaches have a high level of high-quality development, while some cities in Gansu Province and Ningxia Hui Autonomous Region in the upper reaches, such as Tianshui and Zhongwei are at a low level as “development depressions”.
[image: Figure 2]FIGURE 2 | Changes in the high-quality development level in the Yellow River Basin from 2005 to 2020.
During the period from 2005 to 2010, the high-quality development level in the Yellow River Basin showed an upward trend. Cities with a high level of quality development witnessed a significant increase, but there were great differences between basin segments. The upper reaches also saw an improvement in quality development, with some cities, such as Baiyin and Dingxi, improving by 2 grades, albeit at a low level; the middle and lower reaches improved by 1 grade, with the range mainly increasing from 0.318 to 0.384 to 0.384–0.450. From 2010 to 2015, the level of high quality development in the Yellow River Basin mainly ranged from 0.450 to 0.517, with the number of cities in the high value range increased considerably and the degree of high quality development improved significantly, mainly distributed in the surrounding cities centered on the provincial capital, that is, provincial capital cities played an obvious driving role. The rest of the cities improved at a relatively slow pace, especially in the middle and lower reaches. 3) From 2015 to 2020, the high quality development level mainly ranged from 0.450 to 0.517 across the river basin, with a reduction in the difference between cities.
Overall, the cities in the Yellow River Basin showed an upward trend in the level of high quality development, with the provincial capital cities as the center and the high-value areas gradually expanding outward.
4.2 Spatial and temporal patterns of eco-environmental carrying capacity changes in the cities of the Yellow river basin
Based on the calculation results, the eco-environmental carrying capacity level values at four time points are divided into four levels according to the equipartition principle, as shown in Figure 3. Overall, cities have obvious spatial differences in ecological carrying capacity, with provincial capitals at a higher level and the lower reaches higher than the middle and upper reaches. From the perspective of time, the average eco-environmental carrying capacity of the Yellow River Basin in 2005, 2010, 2015 and 2020 was 0.463, 0.472, 0.487 and 0.480, respectively, indicating that the eco-environmental carrying capacity of the Yellow River Basin increased first and then decreased.
[image: Figure 3]FIGURE 3 | Changes in the eco-environmental carrying capacity of the Yellow River Basin from 2005 to 2020.
Specifically, 1) from 2005 to 2000, the ecological carrying capacity of cities was low but still improving, mainly in the middle and upper reaches such as Jinan, Zhengzhou, Yinchuan and their surrounding cities; 2) from 2010 to 2015, the number of cities with ecological environmental carrying capacity of the third and fourth levels increased significantly, showing an increasing trend from cities in the lower reaches to cities in the middle and upper reaches; 3) from 2015 to 2020, the eco-environmental carrying capacity increased in some cities, but showed a downward trend, with a decrease in cities north of the lower Yellow River and a small change in the middle reaches. Some of the cities of the Inner Mongolia Autonomous Region in the upper reaches experienced larger declines, but some cities in Gansu Province experienced a smaller change.
In summary, from 2005 to 2020, the eco-environmental carrying capacity of some cities in the upper reaches in Gansu Province remained at a low level for a long time, while that of cities in the middle and lower reaches increased first and then decreased with a small range.
4.3 Coupling coordination degree between high-quality development level and eco-environmental carrying capacity
The average degree of coordinated development for the four periods was 0.579, 0.633, 0.658 and 0.671, respectively, implying an increase in the coupling coordination between the level of high-quality development and the eco-environmental carrying capacity. According to Wang et al. (Wang et al., 2021), it is classified into four categories: bordering loss coordination, barely coordination, primary coordination, and intermediate coordination, as shown in Figure 4. From the perspective of regional differences, the provincial capital cities have a high coupling degree, and it is higher in the lower reaches than in the middle and upper reaches. From the perspective of time, 1) the number of first-level coordinated cities increased significantly from 2005 to 2010, reflected in the middle and lower reaches; the number of cities with medium coordination increased somewhat, such as Erdos and Baotou; 2) from 2010 to 2015, most cities were mainly in primary coordination with little change, except for cities in the upper reaches that were upgrading from barely coordinated to initially coordinated, such as Qingyang and Pingliang; in addition, cities with medium coordination saw an increase from the lower reaches to the upper reaches. 3) From 2015 to 2020, the whole basin experienced little change, still dominated by primary coordination, with some cities of Shandong Province in the lower reaches staying in intermediate coordination.
[image: Figure 4]FIGURE 4 | Coupling coordination degree between high-quality development level and eco-environmental carrying capacity of the Yellow River Basin from 2005 to 2020.
Overall, cities in the Yellow River basin were dominated by primary coordination, with a steady upward trend and a gradual reduction of inter-city differences.
4.4 Coordinated variation path of high-quality development and ecological environment
The results of the calculations are classified according to the relative development degree model, as shown in Figure 5. From 2005 to 2020, there were three categories of coupling coordination between eco-environmental carrying capacity and high quality development level, that is, VI, VIII and IX, dominated by run-in and coordination. On the whole, the degree of coordination between ecological environmental carrying capacity of the Yellow River Basin and the level of high-quality development tended to be coordinated, the spatial differences decreased, the two tended to be highly coordinated and the system tended to be optimized.
(1) In 2005, the relationship between the two included coordination and run-in. In the coordinated cities, Jinan, Taiyuan, Hohhot, Lanzhou and other cities and their surrounding cities were synchronized with the high-quality development level, and the two were highly coordinated, with the system to be optimized. The eco-environmental carrying capacity of other cities in the middle and lower reaches was ahead of the high quality development level, mainly at a low level of coordination, with the system tending to decline. The cities in the run-in stage were mainly distributed in Gansu Province, and their eco-environmental carrying capacity was ahead of the high quality development level, with the system tending to decline.
(2) From 2010 to 2020, there was a significant increase in the number of cities with optimized systems, except for some cities with the system tending to decline featured by a low level of coordination and eco-environmental carrying capacity ahead of the high quality development level, such as Tianshui, Baoji, Xianyang, Weinan and other southern cities.
[image: Figure 5]FIGURE 5 | Changes in the coordinated development path of high-quality development and ecological environment in the Yellow River Basin from 2005 to 2020.
5 CONCLUSIONS AND DISCUSSION
5.1 Conclusions
In this paper, we constructed a high-quality development level index system and an eco-environmental carrying capacity index system from the perspective of cities and studied the high-quality development level, the ecological environmental carrying capacity of the Yellow River Basin, and the coupling coordination between them, as well as the coordinated development path of the two. The findings are mainly as follows:
(1) The lower reaches of the Yellow River have a higher level of high-quality development than the upper reaches, with the western inland areas being development depressions. The provincial capital cities in general have a high level of high-quality development, and the high-quality development of surrounding cities is driven by the laws of order and scale.
(2) From 2005 to 2020, there was a significant spatial difference in eco-environmental carrying capacity. It was higher in the lower reaches of the Yellow River than in the upper reaches, showing a trend of first increasing and then decreasing.
(3) The coupling coordination degree between high-quality development level and eco-environmental carrying capacity of cities decreases from the upper reaches to the lower reaches, but the difference in spatial distribution gradually decreases, and the degree of coupling coordination between the two shows an upward trend with small fluctuations.
(4) The coordinated development path of eco-environmental carrying capacity and high-quality development level showed a trend of “run-in - coordination” from 2005 to 2020 in cities, and the relationship between the two shifted from eco-environmental carrying capacity ahead of high-quality development level to synchronous change, with the system changing from decline to optimization.
5.2 Discussion
Based on the above findings, the following policy suggestions are made to promote the high-quality development of cities in the Yellow River Basin and to promote the harmony between people and nature in the region.
5.2.1 As for high-quality development level
It is necessary to coordinate the high-quality development level of cities in the upper and lower reaches and enhance the role of the provincial capital cities in driving high-quality development. First of all, cities in the Yellow River Basin should make use capital and construction land indexes in a relatively concentrated manner, with focus on improving the competitiveness of central cities, strengthening the construction of urban clusters, and getting deeply involved in the regional division of labor and cooperation at the national level. In addition, they should reconfigure the spatial structure of high-quality development in the basin by building a modern regional development system of “urban cluster-development axis-economic zone” to improve competitiveness.
Inland cities in the Yellow River Basin should build on their comparative advantages and resource endowments, and actively establish relations with neighboring cities to drive their own development. First, they should keep developing industries with distinctive local features, expand income channels, promote the extension of infrastructure and public services to rural areas, gradually alleviate the imbalance between urban and rural development. Second, it is necessary to actively integrate into the national strategy and accelerate the step to the world in the wave of smart society and globalization, that is, to actively and continuously explore new industrial development models in the region that suit the national needs and their own, and to construct distinctive and competitive industrial clusters/chains to seek high-quality growth.
5.2.2 As for eco-environmental carrying capacity
It is necessary to enhance the eco-environmental carrying capacity of cities in the upper reaches of the Yellow River Basin, with focus on improving the eco-environmental carrying capacity of provincial cities. Equal importance should be attached to ecological protection, restoration and construction with environmental protection as the starting point. First, in view of the serious environmental pollution caused by industrial “three wastes” emission and excessive application of chemical fertilizers in the Yellow River Basin, it is necessary to improve the environmental condition of the Yellow River Basin by controlling the excessive emission of pollutants and enhancing environmental pollution control to improve the efficiency of resource and energy use. Second, to improve the ecological condition of the Yellow River Basin, it is not only necessary to consider the Yellow River Basin as an organic whole and improve the overall ecological condition of the whole basin, such as strengthening the construction and management of protected areas and enhancing the construction of urban parks and green areas, but also to fully consider the differences in ecological protection in the upper, middle and lower reaches and follow the principles of classified development and collaborative development, such as strengthening the water conservation capacity in the upper reaches, improving the soil and water conservation capacity in the middle reaches, and moderately increasing the biodiversity in the lower reaches to balance the differences in regional resource supply capacity by reasonable resource allocation across regions.
Cross-regional resource allocation should be carried out to balance the differences in regional resource supply capacity. In view of the differences in natural environment, climatic characteristics and resource endowment of different regions in the Yellow River Basin, it is necessary to explore the development paths and models for different areas in the upper and middle reaches as well as both banks of the Yellow River Basin according to the regional carrying capacity and suitability (Zhao, 2020). Local governments should strengthen ecological control, reduce the introduction of highly polluting enterprises, and gradually reduce the incremental amount of pollution by means of economic structure transformation; in addition, they should restore green mountains and turn them into treasures through ecological industrialization and industrial ecologicalization, so as to reduce pollution while creating economic increment. In addition, efforts should be made around “transformation, upgrading and greening” in the industrial development. The ecological economy should be developed according to local conditions, to promote the ecological transformation of traditional industries with focus on cultivating new driving forces for green development.
Strict legislation and law enforcement are needed to establish a sound punishment mechanism and to control acts that damage the ecological environment. First, it is necessary to strengthen the construction of environmental management laws and regulations and improve the ecological compensation mechanism. Second, financial subsidies should be provided to key areas of ecological environmental protection and resource-based economic transformation areas, and the investment should be increased moderately in nature reserves and functional ecological zones. Third, a resource compensation mechanism for inter-basin water transfer should be established in accordance with the principle of “whoever develops is responsible for protection, whoever uses should provide compensation”. Based on the systematic analysis of regional environmental capacity and environmental carrying capacity, effective measures for the implementation of the “three lines and one list” (ecological protection red line, environmental quality bottom line, resource utilization upper limit line and ecological access list) should be developed to protect the ecological environment to the maximum extent (Jin, 2019).
It is necessary to increase the investment in environmental protection, and ensure that the investment is sufficient to address the ecological and environmental problems faced by regions with low carrying capacity. The establishment of an ecological protection and high-quality development fund for the Yellow River Basin is a key measure to guarantee the great governance and protection of the basin. The Outline of the Plan has staked out the requirement of establishing a fund for ecological protection and high-quality development of the Yellow River Basin, and the relevant work should be started early. It is suggested that under the leadership of relevant national departments, financial institutions, as well as enterprises with strong strength and experience in river and lake management in the Yellow River Basin or even outside the basin, should jointly initiate the establishment of the ecological protection and high-quality development fund for the Yellow River Basin, positioned as a national industrial investment fund. As a funding platform, it will drive social capital to jointly participate in the management and protection of the Yellow River Basin (Zhang and Liu, 2021).
5.2.3 Coupling coordination and coordinated development path
It is necessary to promote the coordinated development between high-quality development and eco-environmental carrying capacity of the cities in the upper reaches of the basin, while keeping stable the coupling differences of cities in the upper and lower reaches with gentle changes, to achieve synchronized and coordinated development of the upper and lower reaches. The key to the coupling coordination of ecological protection and high-quality development is to give full play to the mutual positive promotion of the two subsystems, that is, to play the supporting role of ecological protection to high-quality development and the power role of high-quality development to ecological protection. Specifically, it is required to promote high-quality development relying on the resource guarantee, intensive orientation, wealth appreciation, and power switching functions of ecological protection; and to promote ecological protection relying on the restoration funding support, technology effect, structural effect, and system improvement functions of high-quality development.
Moreover, it is necessary to scientifically formulate ecological protection and high-quality development plans for the Yellow River Basin, and strengthen policy coordination and mechanism convergence between ecological protection and high-quality development by sticking to systematic planning and integration, to further improve the coordination of ecological protection and high-quality development in the Yellow River Basin. A flexible and scientifically differentiated economic-ecological coordination policy should be developed based on the spatial network characteristics of coupled economic-ecological coordination.
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