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Based on the data of 85 cities in the three major urban agglomerations in the Yangtze River Economic Belt from 2011 to 2020, this paper measures the level of high-quality economic development of each city through the improved entropy-weighted TOPSIS method and uses the kernel density estimation method, Dagum Gini coefficient, and convergence model to further study the dynamic evolution, regional differences, and convergence state of the high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt. The study finds that: 1) the high-quality economic development level of each city within the three major urban agglomerations of the Yangtze River Economic Belt has been continuously improved over time, but the development level of each urban agglomeration is not the same; 2) the high-quality economic development level of the three urban agglomerations in the Yangtze River Economic Belt has spatial differences, that is, the high-quality economic development level of the Yangtze River Delta urban agglomeration is better than the two urban agglomerations; 3) the σ convergence and β convergence characteristics exist in the three major urban agglomerations as a whole as well as in each urban agglomeration, and the β convergence rates of the urban agglomerations are not consistent. On the whole, the convergence rate of the middle reaches of the Yangtze River urban agglomeration is the fastest, followed by the Chengdu-Chongqing urban agglomeration, and the Yangtze River Delta urban agglomeration is the slowest. Finally, based on the findings of the study, targeted policy recommendations to promote the high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt are proposed.
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1 INTRODUCTION
In the face of the world’s unprecedented changes in a century, China’s proposal to “accelerate the formation of a new development pattern in which the domestic cycle is the mainstay and the domestic and international cycles promote each other” is a strategic choice to promote China’s high-quality economic development. As socialism with Chinese characteristics has entered a new era, China’s economic development has also shifted from the past high-speed growth stage to a high-quality development stage. However, given the differences in regional resource endowments, the overall level of China’s high-quality economic development has been characterized by regional unbalances (Pan et al., 2021), As a new type of important carrier to promote high-quality economic development, urban agglomerations have become the focus of China’s current economic work to promote a coordinated regional economic development strategy with city agglomerations as the mainstay.
The concept of high-quality economic development, first introduced in the 19th Party Congress Report, is a concept with very Chinese characteristics, while foreign scholars tend to express it through the concept of quality of economic growth. (Barro, 2002) argues that the quality of economic growth does not only include the rate of economic growth but also other social factors such as life expectancy and environmental conditions. Mlachila et al. (2017) argue that good quality economic growth is a sustainable, socially friendly high rate of economic growth that is multidimensional and includes the intrinsic nature of economic growth and the social outputs that result from it. Chen and Wang (2021) argue that high-quality economic development differs from traditional economic growth in that it is a multidimensional economic development that meets the growing needs of people for a better life. Li et al. (2022) argue that the connotation of high-quality economic development is consistent with the UN’s goal of sustainable development, which emphasizes the harmonization of economic and social aspects. In terms of the characteristics of high-quality economic development, Zheng et al. (2019) argue that high-quality economic development is a new approach to development, which emphasizes the quality of economic development rather than speed. Liu et al. (2021) argue that high-quality economic development is a growth model for an innovation-driven economy characterized by innovation, efficiency, energy efficiency, environmental protection, and high value-addedness.
Research on the measurement of high-quality economic development has focused on two aspects. One is to measure the level of high-quality economic development through a single indicator. Li et al. (2021a) use GDP per capita as a proxy variable for high-quality economic development, this measurement is often too simplistic and does not capture the essence of quality economic development. There are also scholars who measure the level of quality economic development in terms of efficiency, i.e., total factor productivity (TFP) (Zhao and Yuan, 2020; Zeng et al., 2022). Gao et al. (2021) used the Global Malmquist Index to measure the quality of China’s economic growth and found that the quality of China’s economic growth has been on an upward trend. As high-quality economic development is a relatively comprehensive and integrated development process, the use of a single indicator as a proxy variable for the level of high-quality economic development often does not provide a good overview of all aspects of high-quality economic development, so some scholars have constructed a system of indicators to comprehensively evaluate the level of high-quality economic development. Wong et al. (2021a) construct an index system for evaluating the quality of economic growth of 268 cities in China in three dimensions: economic growth dynamics, economic growth structure, and economic growth performance. Kong et al. (2022) construct the evaluation index system of high-quality urban economic development in China from three dimensions: economic growth momentum, economic growth structure and economic growth results. Luo et al. (2021) Measuring the quality of economic growth in China’s provinces in terms of economic growth efficiency, economic growth stability, and economic growth persistence. Wong et al. (2021b) construct a system of indicators to evaluate the quality of urban economic growth in terms of six dimensions: innovation, stability, effectiveness, coordination, sustainability, and sharing. As the guiding concept of high-quality economic development, the new development concept includes the five development concepts of innovation, coordination, green, openness, and sharing, so the evaluation index system of high-quality economic development can be constructed from these five dimensions (Li et al., 2021b; Yan et al., 2021). Ou et al. (2020) construct an index system for evaluating the level of high-quality economic development of 21 prefecture-level cities in Guangdong Province based on the new development concept and finally find that the high-quality economic development of Guangdong Province presents an uneven development between regions.
In summary, the existing literature is rich in research on the connotation and measurement of high-quality economic development, but mainly at the provincial and city levels, while research at the urban agglomeration level is lacking. The possible marginal contribution of this paper includes the following points: 1) The improved entropy TOPSIS method is used to measure the level of high-quality economic development, so as to obtain a more accurate and reasonable result; 2) Compared with previous studies, the research scope of this paper is mainly on the level of urban agglomeration, that is, through and using the kernel density estimation method, Dagum Gini coefficient, kernel density estimation method and convergence model to study the dynamic evolution, regional differences and convergence state of the high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt; 3) This paper not only focuses on the gap and future trend of high-quality economic development level among cities within each urban agglomeration, but also on the difference of high-quality economic development level among the three urban agglomerations.
The arrangement structure of this paper is as follows: the second part is the introduction of materials and methods; the third part is the demonstration of empirical results; the fourth part is the analysis of empirical results; the fifth part is the conclusion; and the sixth part is the corresponding policy recommendations.
2 MATERIALS AND METHODS
2.1 Research methodology
2.1.1 Improved entropy TOPSIS method
The CRITIC method and the entropy method, as two methods of objective weighting, have their own advantages and disadvantages. The CRITIC method measures the objective weights of indicators by evaluating the comparative strength and conflict of indicators but cannot measure the dispersion of indicators, while the entropy method, as a method of determining the weights of indicators mainly by evaluating the dispersion of indicators, can combine the two and reflect the weights of indicators more objectively (Lu et al., 2022). Therefore, this paper uses the improved CRITIC-entropy-weighted TOPSIS method to integrate a number of indicators, i.e., first using the principle of minimum relative entropy to obtain the composite weights of the CRITIC method and the entropy-weighted method, and then combining them with the ideal approximation method (TOPSIS) to measure the final score of each evaluation object. However, TOPSIS using the traditional Euclidean distance sometimes cannot accurately reflect the superiority and inferiority of each scheme, so it is necessary to introduce the virtual worst sample to improve this problem. The specific calculation steps are as follows.
Assuming m evaluation indicators and n evaluation objects, the improved CRITIC-entropy-weighted TOPSIS model is constructed as follows.
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Of which:
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where Ci is the composite score of each evaluation object, wj is the composite weight obtained by the principle of minimum relative entropy, xij is the standardised value of the original data, w1j and w2j are the weights calculated by the CRITIC method and the entropy method respectively, where σj is the standard deviation of indicator j, Rkj is the correlation coefficient between indicator j and other indicators, Vj+ is the positive ideal solution, Vj- is the negative ideal solution and Vj* is the virtual worst solution.
2.1.2 Kernel density estimation
Kernel density estimation as a non-parametric estimation method (Rosenblatt, 1956; Parzen, 1962) is to be used to portray the distribution dynamics of the variables and further analyse the distribution variance status of the variables. In this paper, the Gaussian kernel density function is used to estimate the distribution dynamic level of high-quality economic development of urban agglomerations in the Yangtze River Economic Belt, and the absolute difference level of high-quality economic development is investigated by its distribution position, shape, ductility, and polarisation characteristics.
2.1.3 Dagum Gini coefficient and decomposition
The Dagum Gini coefficient is the main measure of inequality and is more realistic than the traditional Gini coefficient and the Thiel index, since it relaxes the original harsher assumptions and takes into account the overlap of sub-samples. Dagum (Dagum, 1997) decomposes the Gini coefficient (G) into three main components: intra-regional variation (Gw), inter-regional variation (Gnb) and hypervariable density (Gt), where the super-variable density (Gt) is the Gini coefficient due to the portion of the subgroups that overlap due to crossover. By comparing the magnitude of the contribution of the three components of intra-regional variation, inter-regional variation, and hypervariable density to the overall Gini coefficient, the main causes of the uneven level of quality development affecting the urban agglomerations in the Yangtze River Economic Zone can be further explored.
2.1.4 Convergence model
2.1.4.1 σ convergence
σ convergence is a process in which the deviation in the level of high-quality economic development in various regions decreases over time (Sala-i-Martin, 1996). In this paper, the coefficient of variation is used to describe the σ convergence of high-quality economic development. The main formulas are as follows:
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in which hqdij represents the level of high-quality economic development of cities, [image: image] is the average level of high-quality economic development of urban agglomerations, j and i represent the city group and city subscript respectively, Nj is the number of cities contained in city cluster j.
2.1.4.2 β convergence
β convergence is mainly derived from the macroeconomic theory of economic growth, which states that countries that are relatively backward in economic development tend to have a faster growth rate than developed countries, and the gap between the backward and developed countries will gradually decrease until it eventually converges to a steady state (Islam, 2003). β convergence can be divided into absolute β convergence and conditional β convergence. Absolute β convergence refers to the convergence of high-quality economic development among regions assuming that other factors remain unchanged, and absolute β convergence is as follows: 
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Where ln(hqdi,t+1/hqdi,t) represents the growth rate of high-quality urban economic development from moment t to moment t+1, β is the convergence coefficient, and if β is significantly less than 0, it means there is absolute convergence. μi represents individual fixed effects; ηt represents time-fixed effects; εit represents the random disturbance variable, and the rate of convergence ν is as follows: [image: image]。
Considering the existence of an economic agglomeration effect, the high-quality development of the regional economy will be affected by the high-quality development of adjacent areas. Therefore, it is necessary to introduce a spatial panel model for the study, so a spatial Durbin model (SDM) has been established: 
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where wij denotes the spatial weight matrix, because non-adjacent cities may also influence each other, this paper chooses to construct the inverse distance matrix instead of the adjacency matrix as the spatial weight matrix, with row normalization. ρ and δ represent the spatial correlation coefficients, and λ denotes the spatial error coefficient. When ρ≠0 but δ = λ = 0, the model degenerates to a spatial autoregressive model (SAR), and when λ≠0 and δ = ρ = 0, the model degenerates to a spatial error model (SEM) (Lesage and Pace, 2009), The appropriate spatial econometric model is selected for model estimation mainly by LM and LR tests, and if the results of LM and LR tests conflict, the more general SDM model should be selected in this case (Elhorst, 2010).
Conditional β convergence refers to the fact that the level of high-quality economic development between regions also shows convergence when considering the different conditions of the respective resource endowments of each city. Therefore, other factors that affect the level of high-quality economic development should be considered when constructing the conditional β convergence model. Specifically, these factors mainly include government policy-making, financial development, and demographic conditions (Li et al., 2021b; Liu et al., 2021; Zhou et al., 2022). The government takes the initiative to guide the development of urban industries through the implementation of fiscal policies, thus accelerating the flow of resource factors and promoting high-quality economic development; i.e., government intervention can, to a certain extent, guide the development of urban economies; finance, as the core of the economy (Nawaz et al., 2019), can promote the coupled and coordinated development of financial development and industrial upgrading by flexibly allocating financial resources, thus allocating funds to the corresponding industries in a rational manner. Therefore, the level of financial development of a city is closely related to the level of high-quality economic development of the city; the population, as an important element in promoting economic development, can provide sufficient human resources for economic development. In the stage of high-quality development, a single population quantity cannot promote high-quality economic development, but the quality of the population is the important engine to promote high-quality economic development (Kremer, 1993), i.e., a high-quality labour force population can lead the development of a city. As an important indicator of population quality, there is a close relationship between the level of human capital and the high-quality development of a city’s economy. Therefore, the level of government intervention (fina), the level of financial development (findv) and the level of human capital (human) are introduced as control variables for the study, where the level of government intervention is characterized by the share of fiscal expenditure in GDP, the level of financial development is characterized by the share of deposit and loan balances of financial institutions in GDP, and the level of human capital is characterized by the number of years of education per capita. The conditional β convergence model is as follows:
[image: image]
Where Xi,t represent the control variables, and construct a conditionally convergent spatial Durbin model as follows:
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2.2 Research area and data
2.2.1 Research area
The Yangtze River Economic Belt covers 11 provinces and cities in China (Chen et al., 2018; Liu et al., 2020), spanning three major sectors in the east, west, and east China, with a population and economic volume that occupies “half of the country,” and is an important “growth pole” for the high-quality development of China’s regional economy. As shown in Figure 1, the Yangtze River Economic Belt comprises three major city clusters, namely the Yangtze River Delta urban agglomeration, the urban agglomeration in the middle reaches of the Yangtze River, and the Chengdu-Chongqing urban agglomeration1, which are located in the lower, middle, and upper reaches of the Yangtze River, respectively. As an important foundation for the economic development of the Yangtze River Economic Belt (Huang et al., 2018), the three major city agglomerations have good economic vitality of their own. In 2016, China put forward the Outline of the Development Plan of the Yangtze River Economic Belt, which emphasizes the leading role of the three major urban agglomerations and promotes the high-quality development of the Yangtze River Economic Belt (Huang et al., 2021). Therefore, accelerating the high-quality economic development of the three major city agglomerations in the Yangtze River Economic Belt under the new development pattern is the key to promoting the high-quality development of the Yangtze River Economic Belt, as well as an important means to promote and drive the high-quality coordinated development of other regions. However, the three major urban agglomerations in the Yangtze River Economic Belt are facing the problems of unbalanced and uncoordinated development (Liu et al., 2022). So, measuring the level of high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt, and further exploring their differences and development dynamics, as well as exploring possible problems therein, is important and fundamental to effectively promoting the high-quality economic development of the urban agglomerations in the Yangtze River Economic Belt.
[image: Figure 1]FIGURE 1 | Distribution of three urban agglomerations in Yangtze river economic belt.
2.2.2 Data source
This paper focuses on data related to the three major urban agglomerations in the Yangtze River Economic Belt from 2011–20202. Most of the indicator data in the paper comes from the China Urban Statistical Yearbook, the CEIC database, and statistical bulletins of various cities in previous years, while patent data comes from the CNRDS database. In order to eliminate the influence of price factors, all indicator variables involving monetary prices are deflated in this paper, using the GDP deflator of 2003 as the base period. Linear interpolation and trend forecasting were used to fill in some of the missing data, and descriptive statistics are shown in Table 1.
TABLE 1 | Descriptive statistics of variables.
[image: Table 1]2.3 Construction of the index system
The new development concept is a strategic guideline for high-quality economic development proposed by the Chinese government, and the new development concept should be implemented to promote high-quality economic development in the new era. So this paper constructs an index system for the high-quality economic development of the Yangtze River Economic Belt Urban Agglomerations based on the five development concepts, which include five dimensions: innovation, coordination, green, openness, and sharing, with a total of 18 indicators, as shown in Table 2.
TABLE 2 | Evaluation index system for high-quality economic development of the three major city agglomerations in the Yangtze River Economic Belt.
[image: Table 2]2.3.1 Innovation
Innovation is an important driver for promoting high-quality economic development. Innovation is an important factor leading to economic growth (Kogan et al., 2017). It can promote industrial change, improve total factor productivity, and drive high-quality economic development by stimulating factor dynamics. The level of innovation in a city is mainly considered from two perspectives: innovation input and innovation output. In general, the level of science and education in a city can reflect the city’s investment in innovation to a certain extent, and the higher the intensity of financial expenditure on science and the number of students in higher education, the greater the city’s investment in innovation to a certain extent. The number of patents granted reflects the level of innovation output of a city, with a higher number of patents granted indicating a higher level of innovation output of the city.
2.3.2 Coordination
A high-quality economy has an endogenous feature of coordination (Zhao et al., 2022). High-quality economic development emphasizes a more people-oriented approach and the need to meet the needs of all people for a better life, thus emphasizing inclusive development, i.e., a harmonious co-existence of social structures. High-quality economic development requires coordinated development of consumption, industry, and urban and rural areas within cities. Under the new development pattern, optimizing the consumption structure to promote consumption upgrading can accelerate the construction of a consumer market dominated by a large domestic cycle and further promote high-quality economic development. The coordination of the industrial structure can promote the reasonable flow of production factors within the region, speed up the coordinated development between industries and thus promote high-quality economic development; the coordination of the urban-rural structure is conducive to solving the long-standing dual structure problem in China; the more coordinated the urban-rural structure is, the more conducive it is to the coordinated development of the region and speeds up the process of high-quality economic development. This paper measures the coordination level of the urban-rural structure from the two angles of urbanization rate and urban-rural income gap.
2.3.3 Green
Green is an important symbol of high-quality economic development. The 14th Five-Year Plan states that we must co-ordinate the promotion of high-quality economic development and ecological protection, so adhering to green development is an important step towards achieving high-quality economic development. Green development mainly includes three aspects: green production, green living, and green ecology (Long et al., 2021). All three of them are interlinked and mutually constrained. Green production requires that enterprises abandon the crude production methods of the past and shift to green and intensive production methods; green living refers to a lifestyle that adheres to the concept of green development and establishes a green and low-carbon development concept; green ecology mainly reflects the development of the urban ecological environment. The green transformation of production and life, as well as the continuous improvement of the ecological environment, will help achieve the “carbon peaking and carbon neutrality goals” and promote the process of high-quality development of China’s economy.
2.3.4 Openness
Openness is an essential way to achieve high-quality economic development. In the new development pattern, it is necessary to adhere to the concept of openness in order to adhere to an open domestic and international double-circle market and to promote the reasonable flow of various factors of resources. Openness includes not only an open international market but also an open domestic market. Foreign trade is one of the three pillars that drive economic growth (Xu et al., 2019). Raising the level of openness to the outside world is conducive to deepening our position in the international market, creating a new pattern of opening up to the outside world and improving the quality of the open economy. However, the existence of a large domestic market with a relatively large market size should also be noted. Accelerating the construction of an open domestic market is more conducive to our ability to hedge the systemic risks posed by international trade, enhancing the economic resilience of the city and achieving high-quality development of an open economy.
2.3.5 Sharing
Sharing is the ultimate goal of achieving high-quality economic development. High-quality economic development requires people-centeredness, emphasizing that social development outcomes should be shared by all people and that common prosperity should be promoted effectively. Shared development is an important driving force for shifting the economy from high growth to high quality development (Yan et al., 2021). In order to meet the growing needs of the population for a better life, what it requires is a higher level of economic development. From the perspective of social welfare, this paper measures the level of shared economic and social development mainly in terms of aspects that reflect the public needs of the people, such as culture, healthcare, transport, and education. The better these aspects are, the higher the level of social welfare of the residents and the higher the level of quality economic development of the region.
3 RESULTS
3.1 Measurement of the level of high-quality economic development
In this paper, the improved CRITIC-entropy TOPSIS method is used to measure the level of economic high-quality development of the three major urban agglomerations in the Yangtze River Economic Belt. To further reflect their change patterns more intuitively, visualization is carried out with the help of ARCGIS software, as shown in Figure 2. Drawing on Wallace and Boulton (Wallace and Boulton, 1968), the level of high-quality economic development was classified into three levels: high, middle, and low, based on the sum and difference between the mean level of high-quality economic development and 0.5 times the standard deviation of each city. A “high level” is greater than the sum of the average level of high-quality economic development and 0.5 times the standard deviation. A “middle level” is between the mean level of high-quality economic development and 0.5 times the standard deviation, and a “low level” is less than the sum of the average level of high-quality economic development and 0.5 times the standard deviation.
[image: Figure 2]FIGURE 2 | Levels of high-quality economic development in the three major urban agglomerations in the Yangtze River Economic Belt.
It can be seen from Figure 2 that the level of high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt has gradually increased over time. In 2011, except for some cities in the Yangtze River Delta urban agglomeration, most of the cities in the urban agglomeration were in the low-level development stage, while in 2020, except for Leshan City, the cities in the urban agglomeration are in the medium-level and even high-level development stage. It is further found from the figure that the high-quality economic development level of the three major urban agglomerations presents a non-equilibrium feature, and the development status of the Yangtze River Delta urban agglomeration is significantly better than that of the middle reaches of the Yangtze River urban agglomeration and the Chengdu-Chongqing urban agglomeration.
3.2 Dynamic evolution of the level of high-quality economic development in the Yangtze River economic belt urban agglomerations
In order to further study the evolution trend of the absolute difference of high-quality economic development level among the three major urban agglomerations in the Yangtze River Economic Belt, this paper uses the kernel density estimation method to analyze the absolute difference of high-quality economic development level of urban agglomerations.
As shown in Figure 3, the distribution curves of the three major urban agglomerations overall, the Yangtze River Delta urban agglomeration, the middle reaches of the Yangtze River urban agglomeration, and the Chengdu-Chongqing urban agglomeration, show a certain rightward shift. In terms of distribution patterns, the overall distribution curves of the three major urban agglomerations in the Yangtze River Economic Belt show a rightward skewing trend, with the height of the main peak rising and the width narrowing. The main peak height of the Yangtze River Delta urban agglomeration shows a trend of rising, then falling before rising, with an overall upward trend and a narrowing of width; the height of the main peak of the middle reaches of the Yangtze River urban agglomeration shows a trend of rising and then falling, and overall still shows a trend of rising height and narrowing width; the height of the main peak of the Chengdu-Chongqing urban agglomeration shows a fluctuating rising trend; and there is a trend of narrowing width of the main peak, i.e., in general, the absolute difference in the level of high-quality economic development within the three urban agglomerations shows a decreasing trend. In terms of distribution extension, the three major urban agglomerations and the Yangtze River Delta urban agglomeration do not have a tail-dragging phenomenon, while the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomeration both have a certain right tail-dragging phenomenon, i.e., there are cities with a high level of economic quality development in the region. That is, the possibility of a polarized distribution of high-quality economic development within the region is low, while the extension convergence of the Chengdu-Chongqing urban agglomeration is poor, which may be due to the large gap between the high-quality economic development level of other cities in the Chengdu-Chongqing urban agglomeration and the core cities in Chongqing, Chengdu, and other regions. The three major urban agglomerations in general and the Yangtze River Delta urban agglomeration show a unimodal distribution, indicating a more balanced development within the urban agglomerations, while the middle reaches of the Yangtze River urban agglomeration and the Chengdu-Chongqing urban agglomeration have a weak multipolar trend at the beginning of the sample, but this multipolar trend almost ceases to exist at the end of the sample over time, i.e. generally, the absolute difference in the level of economic quality development within the three major urban agglomerations is gradually decreasing.
[image: Figure 3]FIGURE 3 | Dynamics of the distribution of economic high-quality development levels of the three major urban agglomerations in the Yangtze River Economic Belt. (A) Three major urban agglomerations in general (B) The Yangtze River urban agglomeration. (C) the middle reaches of the Yangtze River urban agglomeration (D) The Chengdu-Chongqing urban agglomeration.
3.3 Differences in the level of high-quality economic development
This paper uses the Dagum coefficient for decomposition measurement in order to further explore the relative spatial variability in the level of high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt.
3.3.1 Differences in the level of quality economic development within the three major urban agglomerations of the Yangtze River economic belt
To analyze the differences in the level of high-quality economic development within the three major urban agglomerations in the Yangtze River Economic Belt, this paper further measures the Dagum Gini coefficient for each of the three major urban agglomerations in the Yangtze River Economic Belt as shown in Figure 4. It can be seen that the Gini coefficients of the three major urban agglomerations show a downward trend in the sample period, and the Gini coefficient of the Yangtze River Delta is obviously higher than that of the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomerations. The internal differences of the Chengdu-Chongqing urban agglomeration were higher than those of the middle reaches of the Yangtze River urban agglomeration in 2011, but they declined more rapidly, and the level of internal differences between the two was similar in 2017.
[image: Figure 4]FIGURE 4 | Changes in intra-regional disparities in the level of high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt. Note: 1 represents the Yangtze River Delta urban agglomeration, 2 represents the middle reaches of the Yangtze River urban agglomeration, 3 represents the Chengdu-Chongqing urban agglomeration, the same below.
3.3.2 Differences in the level of high-quality economic development among the three major urban agglomerations in the Yangtze River economic belt
The three major urban agglomerations in the Yangtze River Economic Belt have very different levels of high-quality economic development between them because of their respective resource endowments. As shown in Figure 5, the differences between the Yangtze River Delta urban agglomeration and the Chengdu-Chongqing urban agglomeration are the largest; the differences between the Yangtze River Delta urban agglomeration and the middle reaches of the Yangtze River urban agglomeration are the second largest; and the differences between the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomeration are the smallest. As time goes by, the differences between the urban agglomerations as a whole have been narrowing.
[image: Figure 5]FIGURE 5 | Inter-regional disparity in the level of high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt.
3.3.3 Overall differences in the level of high-quality economic development of the three major urban agglomerations in the Yangtze River economic belt and their decomposition
It is found through Table 3 that the overall differences among the three major urban agglomerations in the Yangtze River Economic Belt are decreasing year by year, with the overall Gini coefficient decreasing by 33.33% from 2011 to 2020, indicating that the differences in economic-quality development among the three major urban agglomerations in the Yangtze River Economic Belt are decreasing and the overall level is gradually becoming balanced. Further decomposing the overall variation into intra-urban cluster variation, inter-urban cluster variation and hypervariable density, the overall Gini coefficient of intra-urban cluster variation, Gini coefficient of inter-urban cluster variation and hypervariable density showed a decreasing trend over the sample period, The mean value of the Gini coefficient for inter-group variation was 0.016, contributing 56.25% to the overall variation, while the mean values of the Gini coefficient and hypervariable density for intra-group variation were 0.009 and 0.004 respectively, contributing 29.95% and 13.8% to the overall variation. It can be seen that the contribution of differences between urban agglomerations is the highest, the contribution of differences within urban agglomerations is the second highest, and the contribution of super-variable density is the smallest.
TABLE 3 | Overall differences in the level of high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt.
[image: Table 3]3.4 Convergence study on the level of high-quality economic development of urban agglomerations in the Yangtze River economic belt
In order to further examine the future trend of changes in the level of economic quality development of the three major urban agglomerations in the Yangtze River Economic Belt, this paper examines the dynamic evolution of the level of economic quality development of the three major urban agglomerations in the Yangtze River Economic Belt from a convergence perspective.
3.4.1 σ-convergence test and analysis
As shown in Figure 6, in general, the overall coefficient of variation of the three major urban agglomerations in the Yangtze River Economic Belt is showing a decreasing trend, i.e. indicating that there is an overall σ convergence trend in the three major urban agglomerations in the Yangtze River Economic Belt. The coefficients of variation of the three major urban agglomerations are basically consistent with the overall trend, while the coefficient of variation of the Yangtze River Delta urban agglomeration shows a “fast declining-slow declining” trend, i.e. the Yangtze River Delta urban agglomeration has more significant σ convergence; The coefficient of variation of the middle reaches of the Yangtze River urban agglomeration shows a decreasing trend in 2011–2012, but a weak increasing trend in 2012–2014, followed by a slow decreasing trend, but overall a decreasing trend, i.e. there is σ convergence in the middle reaches of the Yangtze River urban agglomeration; the coefficient of variation of the Chengdu-Chongqing urban agglomeration shows a slow decreasing trend from 2011 to 2013, a rapid decreasing trend from 2013 to 2017, and a weak increasing trend from 2017 to 2018, followed by a decreasing trend, which overall mainly shows a decreasing trend, i.e. there is also convergence in the Chengdu-Chongqing urban agglomeration. In summary, σ convergence exists for the three major city groups in the Yangtze River Economic Belt in general and for all three major urban agglomerations, which is consistent with the study above.
[image: Figure 6]FIGURE 6 | Levels of σ convergence in the three major urban agglomerations in the Yangtze River Economic Belt.
3.4.2 -unit root test
In order to avoid the “spurious regression” situation, in the panel data model estimation, a unit root test should be carried out to test whether the data is stable. The unit root test results are as follows:
As can be seen from Table 4, except that the level of government intervention (fina) and the level of financial development (findv) rejected the null hypothesis at the 10% level in the IPS unit root test, the rest of the cases rejected the null hypothesis at the 1% level, indicating that all variables are stationary data and can be used for subsequent estimation.
TABLE 4 | Unit root test results.
[image: Table 4]3.4.3 β convergence test and analysis
Rosenthal and Strange (Rosenthal and Strange, 2020) pointed out that there is a certain economic agglomeration effect within urban agglomerations. The level of high-quality urban economic development has a certain spatial correlation, so its spatial effect should also be considered when considering β convergence. For conducting spatial β convergence, spatial autocorrelation analysis is needed first. In this paper, Moran’s I index test is conducted based on the geographical distance weight matrix, and Moran’s I index is significantly greater than 0 at 1% level, indicating that the economic high-quality development levels of the three major urban agglomerations in the Yangtze River Economic Belt have positive spatial correlation, so the spatial beta convergence test can be conducted.
The global Moran’s I index can only reveal whether there is an agglomeration effect between adjacent regions and cannot reflect the spatially localized forms of economic high-quality development agglomeration. In order to further explore the agglomeration patterns of economic high-quality development of the three major urban agglomerations in the Yangtze River Economic Belt, this paper uses Moran’s scatter diagram to further describe their spatial local characteristics, and the results are shown in Figure 7.
[image: Figure 7]FIGURE 7 | Moran scatter diagram of the high-quality economic development of the three major urban agglomerations in the Yangtze River Economic Belt. (A) 2011 Moran Scatter Plot (B) 2020 Moran scatter plot.
As can be seen from Figure 7, most cities are located in the ‘high and high’ aggregation and the ' low and low’ aggregation modules. In 2011, most cities in the Yangtze River Delta are located in the ‘high and high’ aggregation area, while most cities in the middle reaches of the Yangtze River and Chengdu-Chongqing urban agglomerations are located in the ‘low and low’ aggregation area. In 2020, most of the cities in the Yangtze River Delta urban agglomeration are still located in the ‘high and high’ gathering area. Some cities in the middle reaches of the Yangtze River and Chengdu-Chongqing urban agglomerations have shifted from ‘low and low’ gathering areas to ‘low and high’ gathering areas.
3.4.4 Absolute β convergence analysis
Based on the research objectives and research needs, the research sample in this paper is individually limited to 85 cities in the three major urban agglomerations in the Yangtze River Economic Belt, so a fixed-effects model is used to conduct a beta convergence test on the level of high-quality economic development in the urban agglomerations in the Yangtze River Economic Belt (Baltagi and Baltagi, 2008). Select the appropriate model to estimate by testing, where the results of the absolute beta convergence test are shown in Table 6.
It is found in Table 6 that the beta coefficients of all models are significantly negative at the 1% level in both the OLS model and the spatial econometric model, indicating a convergence trend in the level of high-quality economic development in the three major urban agglomerations in general as well as in each urban agglomeration. Further comparison of the speed of convergence among the three major urban agglomerations reveals that the urban agglomeration in the middle reaches of the Yangtze River is the fastest, followed by the Chengdu-Chongqing urban agglomeration, and the Yangtze River Delta urban agglomeration is the slowest. That is, the convergence speed of the economically backward middle and upper reaches of the Yangtze River is faster than that of the economically developed lower reaches of the Yangtze River.
3.4.5 Conditional β convergence analysis
After the absolute β convergence test, the conditional β convergence test was conducted to further examine the convergence state of high-quality economic development when there are differences in regional resource endowments, and the results are shown in Table 7.
It is found in Table 7 that the beta coefficients of models (9)–16) are all significantly negative at the 1% level, which shows that there is a trend of conditional convergence in the high-quality economic development of all three major urban agglomerations in the Yangtze River Economic Belt, and that the rate of convergence is comparable to that of absolute convergence when considering the regional financial, fiscal, and labor resource situation, The rate of convergence will accelerate for the three major urban agglomerations in the Yangtze River Economic Belt in general and for the Yangtze River Delta and Chengdu-Chongqing urban agglomerations in particular. Comparing the speed of convergence between the three major urban agglomerations, it can be seen that the middle reaches of the Yangtze River urban agglomeration converge the fastest, followed by the Chengdu-Chongqing urban agglomeration and the Yangtze River Delta urban agglomeration, which is the slowest, which is consistent with the previous findings and again proves the robustness of the results.
3.4.6 Robustness test
In order to ensure the accuracy of the above empirical results, this paper uses the method of replacing the spatial weight matrix to re-estimate. Referring to the approach of Zhang (Zhang, 2020), the composite spatial weight matrix nested in economic geography is selected for a robustness test. As shown in the following table, it can be seen that the β coefficients of models 17)–24) are significantly negative at the 1% level, and the β coefficients of absolute convergence are less than the β coefficients of conditional convergence, which indicates that the results obtained above are robust.
4 DISCUSSION
As a new stage of economic development after China enters a new era, high-quality economic development is an important focus for realizing rural revitalization and promoting common prosperity. Therefore, it is of great significance to study the level of high-quality economic development in China. Many scholars have also conducted research based on the meaning, measurement, and influencing factors of high-quality economic development (Chen and Huo, 2022; Lin and Zhou, 2022). This paper, on the one hand, verifies the previous research by constructing a system of indicators of high-quality economic development to measure high-quality economic development, and on the other hand, it enriches the relevant research by studying the current situation and future trends of high-quality economic development in urban agglomerations from the perspective of urban agglomerations.
It can be found from Figure 2 that the high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt shows an unbalanced development trend. As one of the first urban agglomerations to be built by the country, the Yangtze River Delta urban agglomeration was proposed earlier than that of the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomeration. Secondly, it includes Shanghai, Nanjing, and Hangzhou, and other cities with a high economic development level, so its high-quality economic development level is higher than the two urban agglomerations.
Figure 3 shows that over time, whether in the three major urban agglomerations as a whole or within the urban agglomerations, the level of high-quality economic development is increasing, and the absolute difference between them is shrinking. Among them, through the overall kernel density estimation curve of the three major urban agglomerations, it can be seen that the gap between the high-quality economic development levels of the three major urban agglomerations in the Yangtze River Economic Belt is narrowing, while the kernel density estimation curves of the three major urban agglomerations reflect that the gap between the high-quality economic development levels of the cities within the urban agglomeration is narrowing. Further from Figure 4, it can be seen from the internal difference level of the three major urban agglomerations in the Yangtze River Economic Belt that the gap of high-quality economic development level within the three major urban agglomerations continues to shrink, indicating that the construction of the three major urban agglomerations has certain achievements. The Gini coefficient of the Yangtze River Delta is significantly higher than that of the two major urban agglomerations of the middle reaches of the Yangtze River and Chengdu-Chongqing. The internal differences in the high-quality economic development level of the Yangtze River Delta urban agglomeration are large, indicating that there is a polarization phenomenon in the high-quality economic development of the Yangtze River Delta urban agglomeration at the beginning of the sample. However, with the implementation of the integration strategy of the Yangtze River Delta, the cooperation and exchanges within the urban agglomeration are accelerating, making the economic links between cities within the urban agglomeration closer (Zhao et al., 2021). The differences in the levels of high-quality economic development within the urban agglomeration are narrowing. It can be seen from Figure 5 that, from the perspective of the difference level among the three major urban agglomerations, the relative difference between the Yangtze River Delta urban agglomeration and the urban agglomeration in the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomeration is relatively large, which is also the main reason for restricting the uneven development of the overall economic quality of the three urban agglomerations. This is consistent with reality. As one of the world-class urban agglomerations that the country is committed to building, The Yangtze River Delta urban agglomeration has a relatively reasonable industrial structure and a high degree of integration (Ouyang et al., 2018). The overall development level of the urban agglomeration is higher than that of the two urban agglomerations.
Through the σ-convergence test and β-convergence test, it can be seen that the overall high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt has passed the σ-convergence test, the absolute β-convergence test, and the conditional β-convergence test, which is consistent with the previous conclusions. It reflects to some extent that the gap in high-quality economic development among the three urban agglomerations is narrowing (Chen et al., 2020), which also reflects the necessity of implementing the coordinated development strategy of urban agglomerations. That is, by strengthening exchanges and cooperation among urban agglomerations and sharing resources, it can better promote the high-quality economic development of the Yangtze River Economic Belt. From the perspective of urban agglomeration, the Yangtze River Delta urban agglomeration, the middle reaches of the Yangtze River urban agglomeration, and urban agglomeration have also passed the σ-convergence test, absolute beta convergence test, and conditional beta convergence test. That is, the high-quality economic development level between cities within the urban agglomeration will eventually approach a steady level, which to some extent reflects the results of the implementation of the development plan of the three major urban agglomeration.
It can be found from Table 5 and Figure 7 that the high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt has a strong spatial correlation, which indicates that the economic links among the three urban agglomerations are becoming more and more closely linked (Zhong et al., 2021). Further, it can be found from Table 6 that the convergence rate of urban agglomerations in the middle reaches of the Yangtze River is the fastest, followed by the Chengdu-Chongqing urban agglomeration, and the Yangtze River Delta urban agglomeration is the slowest. Moreover, the rate of convergence in the spatial econometric model for both the overall and the three major urban agglomerations is greater than that in the ordinary panel condition, indicating that the economic quality development of each urban agglomeration converges faster when spatial conditions are taken into account, probably because the core cities within an urban agglomeration will drive the development of neighboring cities through diffusion effects when spatial correlation is considered (Chen et al., 2022). Except for the Chengdu-Chongqing urban agglomeration, the spatial autocorrelation coefficients of the Yangtze River Economic Belt as a whole, the two major urban agglomerations of the Yangtze River Delta and the middle reaches of the Yangtze River are all significantly positive, indicating that the level of high-quality economic development in neighboring regions has strong spillover and can accelerate the level of high-quality local economic development; The spatial lag term is significant for both the Yangtze River Economic Belt as a whole and for each city cluster, indicating that the growth rate of the economic quality development level of neighboring regions affects the growth rate of the local economic quality development level. In addition, the spatial lag coefficient of the Chengdu-Chongqing urban agglomeration is significantly negative, indicating that there is a competitive relationship between the high-quality economic development of cities in the Chengdu-Chongqing urban agglomeration. That is, the high-quality economic development of adjacent cities will restrict the high-quality development of the local economy. This may be due to the fact that the core cities in the Chengdu-Chongqing urban agglomeration have a weak radiation drive, which has led to the absence of a reasonable industrial division of production system within the agglomeration, thus causing competition between cities other than the core cities within the agglomeration. Through Table 7, it can be found that the convergence rate of high-quality development levels in the urban economy will be accelerated on the basis of considering urban heterogeneity (Ramajo et al., 2008). In the urban agglomeration in the middle reaches of the Yangtze River, the conditional convergence rate is greater than the absolute convergence rate under ordinary panel estimation, and the conditional convergence rate is less than the absolute convergence rate under the spatial SDM model. Through comparative analysis, it is found that the spatial autocorrelation coefficient of the urban agglomeration in the middle reaches of the Yangtze River is positive but not obvious, that is, the high-quality economic development of the surrounding cities has no significant effect on the growth rate of the local high-quality economic development level, which is also a possible reason for the conditional convergence rate to be less than the absolute convergence rate (refer to Table 8).
TABLE 5 | Global Moran’s I index of high-quality economies of the three major urban agglomerations in the Yangtze River Economic Belt.
[image: Table 5]TABLE 6 | Results of absolute beta convergence analysis.
[image: Table 6]TABLE 7 | Results of the conditional β convergence analysis.
[image: Table 7]TABLE 8 | Robustness test results
[image: Table 8]However, this paper explores the dynamic evolution, regional differences, and convergence of the high-quality economic development levels of the three major urban agglomerations in the Yangtze River Economic Belt, and it can be found that the difference in the high-quality economic development levels between the three urban agglomerations or within the urban agglomerations will gradually shrink. However, this paper does not further explore the mechanism that leads to the decline in the difference in the level of high-quality economic development among cities, and it can be further explored from this perspective in the future.
5 CONCLUSION
This paper takes 85 cities in three major city groups in the Yangtze River Economic Belt as research samples, measures the high-quality economic development level of each city from 2011 to 2020 through the improved entropy-weighted TOPSIS method, and uses the kernel density estimation method, Dagum Gini coefficient, and convergence model to further study the dynamic evolution, regional differences, and convergence state of the high-quality economic development level of the three major city groups in the Yangtze River Economic Belt and finally draws the following conclusions:
(1) The high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt and each urban agglomeration are continuously developing over time, but the development levels of each urban agglomeration are not the same. The high-quality economic development level of each city in the Yangtze River Delta urban agglomeration is relatively balanced, and there is no multi-polarization distribution. There is a certain multi-polarization trend in the high-quality economic development level of each city in the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomeration. In other words, the high-quality economic development level of cities in the urban agglomeration is low except in the core city. That is, there is an imbalance in the high-quality economic development of cities in the urban agglomeration.
(2) The high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt has spatial differences. The high-quality economic development level of the Yangtze River Delta urban agglomeration is better than that of the middle reaches of the Yangtze River and the Chengdu-Chongqing urban agglomeration. Although the difference in the high-quality economic development levels among the three urban agglomerations is becoming smaller over time, the gap in the high-quality economic development levels among the three urban agglomerations is still an important reason for the imbalance in the high-quality economic development level of the overall economy.
(3) There is σ convergence and β convergence in the three major urban agglomerations as a whole as well as in each urban agglomeration, and the β convergence in the middle reaches of the Yangtze River urban agglomeration and the Chengdu-Chongqing urban agglomeration is faster than that in the Yangtze River Delta urban agglomeration, and under the condition that the spatial factor of the examination rate is influenced, the convergence of each urban agglomeration becomes faster.
6 SUGGESTIONS

(1) Balance internal urban agglomeration development Although the differences in high-quality development levels within urban agglomerations are narrowing, the differences within urban agglomerations cannot be ignored. Therefore, in order to balance the internal development of urban agglomerations, we should: give full play to the leading role of core cities within urban agglomerations; speed up the rational division of labour among large, medium, and small cities within urban agglomerations; form a reasonable industrial layout; further improve the efficiency of space utilisation; and promote the overall high-quality economic development of urban agglomerations.
(2) Improve coordination of development among urban agglomerations. The difference in high-quality economic development levels among urban agglomerations is an important factor restricting the high-quality coordinated development of the overall economy of urban agglomerations in the Yangtze River Economic Belt. Therefore, in order to promote the high-quality development of urban agglomerations, it is necessary to adhere to the “one chessboard” strategy of regional coordinated development. The three major urban agglomerations should break the restrictions between regions, realise the free flow of resources among the three urban agglomerations, and improve the efficiency of factor allocation so as to achieve the differentiated and coordinated development of the three urban agglomerations.
(3) Develop reasonable policies to guide high-quality economic development that is responsive to local conditions. Due to the differences in resource endowments, the initial high-quality economic development level of each urban agglomeration is not the same, and its development speed is also very different. Therefore, in order to better promote the high-quality economic development of each urban agglomeration, each urban agglomeration should adjust measures to local conditions and rely on existing advantageous resources to form its own comparative advantages, so as to promote the overall development of the urban agglomeration in the Yangtze River Economic Belt.
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FOOTNOTES
1In this paper, a total of 85 cities in the three major urban agglomerations of the Yangtze River Economic Belt were selected as samples for the study based on relevant national policies and consideration of data availability. Among them, the Yangtze River Delta urban agglomeration includes a total of 41 cities in Jiangsu Province, Anhui Province, Zhejiang Province and Shanghai Municipality; The middle reaches of the Yangtze River urban agglomeration including Wuhan, Huangshi, Ezhou, Huanggang, Xiaogan, Xianning, Xiangyang, Yichang, Jingzhou, Jingmen, Changsha, Zhuzhou, Xiangtan, Yueyang, Yiyang, Changde, Hengyang, Loudi, Nanchang, Jiujiang, Jingdezhen, Yingtan, Xinyu, Yichun, Pingxiang, Shangrao, Fuzhou and Ji’an; The Chengdu-Chongqing urban agglomeration includes Chongqing, Chengdu, Zigong, Luzhou, Deyang, Mianyang, Suining, Neijiang, Leshan, Nanchong, Meishan, Yibin, Guang’an, Dazhou, Ya’an and Ziyang. Among them, according to the “development plan of urban agglomeration in the middle reaches of the Yangtze River” and “Chengdu-Chongqing urban agglomeration development plan”, the urban agglomeration in the middle reaches of the Yangtze River does not include the whole region of Ji ' an City, and the Chengdu-Chongqing urban agglomeration does not include the whole region of Chongqing, Mianyang, Dazhou and Ya ' an. But in order to facilitate data collection, this paper unified to the whole domain processing.
22011 is the beginning year of the 12th Five-Year Plan. The transformation of economic development mode has become the focus of China’ s economic work, and it has begun to emphasize the sustainable development of economy. Therefore, it can be regarded as the beginning of China’ s economic development from speed to quality. Therefore, this paper chooses to study the high-quality economic development level of the three major urban agglomerations in the Yangtze River Economic Belt from 2011.
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