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Abstract

:

China is attaching increasing importance to the creation of regional integration, high-quality economic development and ecological civilization. An accurate grasp of the traction effect of the increased level of integration of urban agglomerations on the eco-efficiency (EE) of cities in the region will help to promote the steady improvement of urban economic development and the ecological environment. This paper constructs an index system to measure the level of integration of the Chengdu–Chongqing urban agglomeration (CCUA) and the EE of each city within it from 2011 to 2020 and explores the impact of regional integration on urban EE and its mechanism of action. The study presents the follow findings: (1) The level of integration of the CCUA increased nearly 10 times from 2011 to 2020, with the government playing a significant leading role. (2) The positive and negative effects of the level of integration of the CCUA on urban EE depend on factors such as the level of economic development, the stage of development and the location. There are several relationships between the level of intra-regional integration and urban EE: first, a nearly linear increase, as in Chongqing and Chengdu; second, an increase in fluctuation, as in Dazhou, Guang’an and Leshan; and third, a fluctuation, decrease, flat or even no real increase, as in Luzhou, Ya’an and Zigong. (3) Based on this, this paper considers the mechanism of the level of integration within the region on urban EE in terms of both economic and eco-environmental effects, with a view to exploring the future green development path of the CCUA.
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1. Introduction


Entering the 21st century, a new round of scientific and technological revolution as well as industrial upgrading has prompted the international division system to undergo systematic adjustment. The rise of trade protectionism and trade unilateralism in Western countries has led to the decline of multilateral economic and trade cooperation mechanisms represented by the WTO and the emergence of increasingly significant regionalization features in the wave of globalization, such as the gradual strengthening of intra-regional economic and trade cooperation mechanisms and of bilateral and limited multilateral or regional integration cooperation based on geographical proximity around core countries to form groups of trade, which has become one of the most valuable and relevant economic activities to be studied [1,2]. At the same time, China’s economy has changed from a high-speed growth stage to a medium-speed growth stage of high-quality development and ecological civilization construction, such as the establishment of a dual carbon target, the pursuit of quality and efficiency and economic and ecological harmony through green development [3]. Moreover, the Chinese government is paying increasing attention to the issue of coordinated inter-regional development and intra-regional integration within the country, such as the construction of economic zones and urban agglomerations to enhance the level of integrated regional development in an attempt to improve economic efficiency; alleviate or solve the problems of resource scarcity, environmental pollution and ecological degradation; and shift from traditional development to a sustainable development model. This scientific issue has attracted increasingly widespread attention from the academic community.



The concept of regional integration was first proposed in 1954 by the Dutch economist Tinbergen, who saw regional integration as a means of seeking a dumping ground for the surplus products of capitalism. In 1961, the American economist Balassa proposed the definition of regional economic integration as both a “process” and a “state” [4]. Since then, numerous scholars have defined regional integration from different perspectives [5,6,7]. The core of regional integration refers to the process or phenomenon in which the development factors tend to flow freely or without barriers within a certain economic region, so as to achieve interoperability and interconnection between regions and maximize the regional benefits. The study of regional integration includes the measurement level of regional integration [8,9,10,11], development stages [12], coordination mechanisms [13], driving mechanisms [14], economic effects [15], environmental effects [16], etc. Firstly, in terms of the relationship between regional integration development, economic development, Total Factor Productivity (TFP) and other issues, existing studies show that regional integration can reduce transaction costs for both sides; enhance intra-regional trade and investment flows [17] and promote the movement of people [18]; improve the utilization efficiency of resource elements and improve the level of technology; and alleviate factor mismatch and promote the advanced development of the manufacturing industry, which in turn is conducive to improving employment level and achieving balanced labor force employment [19,20], as well as helping to promote synergistic economic development, political equality and mutual tolerance and institutional co-governance across borders in the region [21]. However, the impact of regional integration on the economics and growth rate of each element is also related to the stage of development of the region [22,23,24], the level of development of the region and its location [25] and others. Secondly, in terms of the environmental effects of regional integration, many scholars have evaluated the environmental performance of regionally integrated economies, such as the evaluation of energy efficiency in urban agglomerations [26] and the evaluation of green productivity [27] and the pattern of green technological innovation capacity; only a few studies have quantitatively measured the causal relationship between regional integration and environmental pollution [28,29,30,31]. In general, regional integration has inhibitory effects on pollutant emissions [13] and carbon emissions [31] and is beneficial to reducing emissions [32], but the effects are spatially heterogeneous. Finally, there are studies that address both the socio-economic and ecological environment. For example, existing results show that the integrated development of the Yangtze River Delta market significantly improved regional carbon emissions [33], and the integration has a non-linear inverted “U” shape on the quality development of urban economies [34]. EE was first proposed by Schaltegger and Sturm, whom briefly defined EE as the ratio of economic growth to environmental impact, specifically as a production process that yields a larger economic output with smaller resource and environmental inputs [35]. This definition, which takes into account both socio-economic development and resource environment systems, effectively solves the problem of how to quantify both at the same level and has been promoted by the World Business Confederation for Sustainable Development (WBSCD) and the World Organization for Economic Cooperation and Development (OECD) [35,36]. The current research on EE focuses on the following two aspects: studies on the measurement of EE and spatial and temporal patterns [37,38,39,40] and studies on the factors influencing EE. For example, the impact of upgrading the industrial structure [41,42], urban competition [43,44], infrastructure [45,46], urbanization [47], land use [48], green technology innovation [49,50], environmental regulation [51,52], economic development [53] and so on have been investigate.



Little research has been conducted on the impact of regional integration on EE. It was found that the integration of the Yangtze River Economic Belt can significantly improve the EE of cities along the belt through economic growth effects, industrial structure effects and technological innovation effects [30]. The remaining relevant studies are mainly in the following areas: the study of the integrated impact of regional integration on two major systems, economic and ecological [33,34], and the impact of the proxy variables of regional integration, such as market segmentation and transport networks, on EE [46,54]. Studies have shown that technological innovation in areas with weak market segmentation promotes green EE, while technological innovation in areas with strong market segmentation inhibits green EE [55]. In addition, it has been found that high speed rail networks exacerbate urban EE imbalances to some extent [46]. At the same time, some studies have identified factors such as urbanization, openness, technology, environmental regulation and industrial structure as contributing to spatial differences in EE [56,57].



It is clear that not only is systematic analysis of the impact of regional integration on EE lacking, but research on the impact of regional integration on urban EE in western China based on the scale of urban agglomeration is lacking as well. The heterogeneity between different cities is also not considered in existing studies. Western China is a reservoir and backyard for China’s green and high-quality economic development, playing a pivotal role in ecological security and resource and energy supply. Currently, urban agglomerations are the main spatial body and economic growth pole of China’s new urbanization, and they are important spatial carriers of China’s regional integration and high-quality development [58]. In 2011, the National Development and Reform Commission issued “the Regional Planning of Chengdu-Chongqing Economic Zone”. In 2016, the State Council approved “the Development Plan of CCUA”. In 2020, the sixth meeting of the Central Finance and Economics Commission clearly proposed promoting the construction of the twin-city economic circle in the Chengdu–Chongqing region, and the State Council issued “the Outline of the Construction Plan for the Twin-City Economic Circle in the Chengdu-Chongqing Region” in 2021. This indicates that the CCUA has officially become the fourth mega-urban agglomeration in China, and the only one located inland. The central government requires the CCUA to pursue a rapid increase in its level of regional integration while building an ecological barrier in the upper reaches of the Yangtze River; that is, the CCUA should try to promote the green development of the region by relying on the integration of the urban agglomeration. In addition, the CCUA is a typical case of inter-provincial collaboration in western China, and the study of its inter-provincial regional integration utility has certain representativeness and research value. As a result, taking the CCUA as an example, the purpose of this study is to attempt to answer the following scientific questions: How does the increased level of regional integration of urban agglomeration affect urban EE within urban agglomeration? How does the impact vary between cities? What are the intrinsic mechanisms? Answering these scientific questions will facilitate our exploration of green development paths for urban agglomerations.



Based on the foregoing scientific questions, the following research hypotheses were formulated. According to the conclusions of the previous analysis [30], regional integration within urban agglomerations affects urban EE in two main ways: by promoting economic growth and by improving the ecological environment. However, the role of regional integration on urban EE in China may be influenced by regional differences, development stages and urban heterogeneity. The following two hypotheses are proposed:



H1: 

Based on the Chinese scenario, which is entering the middle and late industrialization phase and a period of economic growth, the integration of urban agglomerations has generally improved the EE of the cities within their zones, but there may also be cases of fluctuating impacts, including those that do not really improve overall.





H2: 

In terms of impact mechanisms, the economic effect mainly promotes economic growth by integrating resource allocation efficiency, reducing costs, increasing competitive effects and scale effects and enhancing production efficiency, but the outcome of the impact on urban EE depends on the contrast between the forces of the spillover effect and the siphon effect. The ecological effect is mainly seen through the internalization of the externalities of urban environmental pollution and the resolution of the “prisoner’s dilemma” in the cross-regional management of environmental pollution, which has improved the ecological environment of cities, including the use of integration mechanisms to improve total factor productivity of energy, sharing of environmental protection technologies, reducing carbon emissions, improving cross-regional pollution management and ecological construction cooperation mechanisms. However, there are still a few cities that have experienced a decline in EE because of the “trade transfer effect”.





In view of this, we first construct an index system to measure the regional integration of the CCUA and an index system for measuring the EE of cities in the region based on the Super-SBM model. Then, the values of regional integration of urban agglomerations and EE of each city from 2011 to 2020 are measured, and finally, the correlations between them and their mechanisms are explored.




2. Materials and Methods


2.1. Study Area and Data Sources


According to the “Outline of the Construction Plan of Chengdu-Chongqing Regional Twin-City Economic Circle” (http://www.gov.cn/zhengce/2021-10/21/content_5643875.htm) (accessed on 14 March 2023), combined with the availability of data, Chongqing, Chengdu, Zigong, Luzhou, Deyang, Mianyang, Suining, Neijiang, Leshan, Nanchong, Meishan, Yibin, Guang’an, Dazhou, Ya’an and Ziyang are selected for the study (Figure 1). The CCUA is located at the intersection of “the Belt and Road” and the Yangtze River Economic Belt and is the starting point of the new land and sea channel in the west, which has the unique advantages of connecting southwest and northwest, and communicating with East Asia, Southeast Asia and South Asia. The total area of the region is 18.5 × 104 km2, with a resident population of 130 million in 2021 and a regional GDP of nearly CNY 7.4 trillion. With excellent ecological endowments and abundant energy and minerals, the region is the most densely populated industrial base in western China, with high innovation capability, market space and openness, and it has a unique and important strategic position in the overall development of the country. It is thus typical and representative to take the CCUA as a case.



The data sources of this paper include: train data from China Railway Travel App, nighttime lighting data from Harvard Dataverse (https://doi.org/10.7910/DVN/YGIVCD) and the rest of the data are mainly from “Chongqing Statistical Yearbook”, “Sichuan Statistical Yearbook”, “China Energy Statistical Yearbook”, “China Environmental Statistical Yearbook”, statistical yearbooks of prefecture-level cities from 2011 to 2021, the National Bureau of Statistics (http://www.stats.gov.cn) (accessed on 14 March 2023) and various relevant government departments.




2.2. Indicator System


	(1)

	
Measurement of regional integration level







Since the “the 13th Five-Year Plan”, the development of the Chengdu–Chongqing region has entered the fast lane, and the relationship between the “twin cities” has shifted from competition to cooperation based on national strategies. In this context, we drew on the content of the development dividend theory to construct a measurement model of the integration of the CCUA containing both horizontal and vertical axes. That is, we constructed an H-V model of regional integration (Figure 2). The horizontal axis characterizes the horizontal scale representing geospatial factors, referring to interconnected urban planar clusters of different scales, types and structures, mainly covering factors that directly act on geographic space, such as transportation, communication and ecological space. The vertical axis characterizes the vertical scale of non-geospatial factors, referring to the mutually complementary three-dimensional network of cities with different levels, different divisions of labor and different functions, mainly covering the factors that indirectly act on geographic space such as the market, industry, systems and the economy. The integration of urban agglomerations is subject to both horizontal and vertical scales. The horizontal pursuit mainly includes the continuous expansion of geographic space and increasingly strong ties, which is an important carrier and external representation of urban agglomeration integration; the vertical pursuit mainly includes the common development of the remaining elements, which is an important power source and guarantee of urban agglomeration integration.



Based on the above model, we constructed a comprehensive evaluation index system of the integration level of the CCUA consisting of 1 target layer, 2 secondary target layers, 5 control layers, 6 first-level indicators and 10 second-level indicators (Table 1).



First of all, spatial integration is the carrier of urban agglomeration integration. Transportation, as a social prior capital, has a significant contribution to bringing geosocial space closer and promoting regional economic growth [59]. As important transportation infrastructures in the CCUA, the railroad and highway are highly representative, so train frequency and highway density in the CCUA from 2011 to 2020 are selected as positive indicators to measure transportation.



Second, market integration is the root of urban agglomeration integration. We measured market integration through product and factor markets. The degree of product market segmentation is measured by the market segmentation index, and the fluctuation of the relative price difference of 120 city pairs is measured by the consumer price index in the last 10 years in 16 cities. If the fluctuation tends to converge over time, it indicates that the inter-regional transaction costs decrease, the degree of market segmentation decreases and market integration increases, and vice versa, it decreases [9]. The level of factor market integration is characterized by three aspects: capital market similarity, technology market similarity and labor market similarity. The similarity of the capital market is compounded by three indicators: the amount of actual foreign capital used as a share of GDP, the balance of deposits in financial institutions per capita and the balance of loans in financial institutions per capita. The similarity of the technology market is compounded by two indicators: the amount of funds spent on scientific and technological activities per capita and the number of patent applications per capita. Finally, the similarity of the labor market is characterized by the number of social employees as a share of the total population. The results of composite indicators are synthesized from specific indicators using the entropy method and by calculating the coefficient of variation.



Third, the level of industrial integration mainly depends on whether the industrial division of labor and production layout between cities is reasonable. The Krugman index and the similarity coefficient of industrial structure are commonly used indicators to measure the industrial division of labor. Among them, the Krugman index directly reflects the degree of specialization and division of labor of regional industries, and the similarity coefficient of industrial structure reflects the degree of isomorphism of regional industries; both of methods jointly measure regional industrial integration from the front and side, so they are fused to construct an industrial integration index to measure the level of industrial integration of the CCUA [60].



Fourth, economic integration is the driving force behind the integration of urban agglomerations. The economic development gap often hinders the flow of commerce and other factors, so the economic integration indicator is selected from the opposite perspective of economic integration, which is the economic development gap. Since the urban GDP per capita can characterize the level of economic development and the standard deviation can reflect the degree of difference between indicators, we calculated the standard deviation of the GDP per capita of the CCUA from 2011 to 2020 using the standard deviation value method as an inverse indicator to measure the level of economic integration. The larger the value of the standard deviation is, the greater the difference in the level of economic development among cities within the urban agglomerations, the greater the hindrance to the economic integration of the urban agglomerations and the lower the level of economic integration.



Finally, institutional integration is the guarantee of urban agglomeration integration. The government’s macro-control of coordinated regional development is reflected in strategic agreements and policy regimes. The assignment method is as follows: the value assigned to the year and after the implementation of the policy in the region is 1, and the value assigned to before the implementation of the policy in the region is 0.



	(2)

	
EE measurement of cities







Referring to previous practices [51,61,62], a system of EE indicators is constructed (Table 2). The indicator contains four resource inputs, namely labor, capital, energy and land; three desired outputs, namely GDP, tax revenue and urban greenery; and three undesirable outputs, namely sulfur dioxide, industrial effluent and smoke and dust. In particular, capital stock is measured using the perpetual inventory method [53], nighttime lighting data are extracted by ArcGIS and the missing data are derived by interpolation.




2.3. Weight Determination


The entropy method is derived from the concept of thermodynamics in physics and determines the indicator weight through the degree of dispersion of the indicator data. The greater the dispersion of the data is and the lower the information entropy is, the greater the amount of information it provides, the greater the influence of the indicator and the greater the weighting is, and vice versa [63]. The entropy method is an objective evaluation method, which can effectively avoid the arbitrariness of subjective assignment and solve the problem of overlapping information among multiple indicators, thus making the evaluation of indicators more scientific and accurate. The main steps are as follows [64].



Data Normalization: As there are differences in the scale, order of magnitude and positive and negative orientation of the indicators, the initial data need to be standardized. When a higher indicator value is more favorable to the development of the system, the positive indicator calculation method is used:


   a  i j   =    x  i j   − m i n    x  i j       m a x    x  i j     − m i n    x  i j         ,   i = 1 ,   2 ,   … ,   n ;   j = 1 ,   2 ,   … ,   m    



(1)







If a smaller indicator is better for the development of the system, a negative indicator calculation is used:


   a  i j   =   m a x    x  i j     −  x  i j     m a x    x  i j     − m i n    x  i j       ,       i = 1 ,   2 ,   … ,   n ;   j = 1 ,   2 ,   … ,   m    



(2)







The weight of the value of indicator j in year i is calculated as:


   Y  i j   =    a  i j       ∑   i = 1  m   a  i j      



(3)







The information entropy of the indicator is calculated as:


    e j  = − k   ∑   i = 1  m       Y  i j   × I n  Y  i j       ,    let      k =  1  I n m       ,      then    0 ≤  e j  ≤ 1   



(4)







The information entropy redundancy is calculated as:


   d j  = 1 −  e j   



(5)







The weighting of the indicator is calculated as:


   w i  =    d i      ∑   j = 1  n   d j     



(6)







The single indicator evaluation score is calculated as:


   S  i j   =  w i  ×  a  i j    



(7)







The combined level score for year i is calculated as:


   S i  =   ∑  j n   S  i j    



(8)







In the above equations,    x  i j     represents the value of the j evaluation indicator in the i year,   m i n    x j      and   m a x    x j      are the minimum and maximum values of the j evaluation indicator in all years, respectively, m is the number of years of evaluation and n is the number of indicators.




2.4. Other Methods


	(1)

	
Market Segmentation Index







The market split index follows the relative price variance measure used by Parsley and Wei. Specifically, we assumed that there are two regions: i and j.    p  i k , t     is the price of commodity k in region i in period t and    p  j k , t     is the price of commodity k in region j in period t. The calculation steps are as follows [65].



We calculate the absolute magnitude of the relative price   ∣ Δ  Q  i j , k , t   ∣  , and the formula is:


  ∣ Δ  Q  i j , k , t   ∣ = ∣   l n  p  i k , t     l n  p  i k , t − 1     −   l n  p  j k , t     l n  p  j k , t − 1     ∣  



(9)







We use the de-meaning method to eliminate the impact of fixed effects, assuming that   ∣ Δ  Q  i j , k , t   ∣   consists of a fixed effect    a k    and a random effect    ξ  i j , k , t    , with the fixed effect only being related to the type of commodity and the random effect being related to the particular market environment of the two locations. To eliminate the    a k    term,   ∣ Δ  Q  i j , k , t   ∣   for a given year t and a given commodity type k should be averaged across N city pairs to obtain   ∣   Δ  Q  k , t    ¯  ∣  , and then this mean should be subtracted from each of the N   ∣ Δ  Q  i j , k , t   ∣   to obtain:


  ∣ Δ  Q  i j , k , t   ∣ − ∣   Δ  Q  k , t    ¯  ∣ =    a k  −    a k   ¯    +    ξ  i j , k , t   −    ξ  i j , k , t    ¯     



(10)




where    q  i j , k , t     is used to calculate the relative price change of the variance. It is only related to regional segmentation factors and some random factors, reflecting the degree of regional market segmentation, and its variance is   V a r   (  q  i j , k , t   )  :


   q  i j , k , t   =  ξ  i j , k , t   −    ξ  i j , k , t    ¯  = ∣ Δ  Q  i j , k , t   ∣ − ∣   Δ  Q  k , t    ¯  ∣  



(11)







	(2)

	
Krugman Index







The Krugman index, first proposed by Paul Krugman in 1991 in his study of localization and trade, is also known as the industry division of labor index or the industrial specialization coefficient, and is now often used to measure the overall degree of variation in industrial structure between regions [66].



The calculation formula is:


  K  I  i j   =   ∑   k = 1  n  ∣  X  i k   −  X  j k   ∣  



(12)




where    X  i k     denotes the share of industry k in the whole industry in region i and    X  j k     denotes the share of industry k in the whole industry in region j.   K  I  i j     denotes the Krugman index, which ranges from 0 to 2. When region i and region j have exactly the same industrial structure,   K  I  i j     is 0. When the industrial structure of region i and region j are completely different,   K  I  i j     is the sum of the shares of all industries in region i and region j, which is 2. Krugman later goes on to note that this index also provides a broad measure of the degree of the industrial division of labor between regions. In general, the smaller the value of the index is, the stronger the degree of industrial isomorphism between regions is. The smaller the degree of the division of labor between the two regions is, and conversely, the weaker the degree of isomorphism is, the greater the degree of the division of labor is.



	(3)

	
Similar coefficient of industrial structure







The main industrial developments of the cities in the region are compared with each other to measure the degree of industrial layout differentiation between cities. Let Simpq be the similarity coefficient of industrial structure between city p and city q [67]:


  S i  m  p q   =     ∑   i = 1  n       Z  p i    Z  q i           ∑   i = 1  n   Z  p i  2  ×   ∑   i = 1  n   Z  q i  2      ,   i = 1 ,   2 ,   3 ,   … … ,   n  



(13)




here, Zpi is the total value of the i industrial sector of city p and Zqi is the total value of the i industrial sector of city q. The indicator Simpq is in the range of [0, 1]. When it is close to 1, it proves that the more obvious the trend of industrial isomorphism between p and q, the worse the degree of integration is. Conversely, the greater the variability of industrial distribution is, the better the degree of integration is.



	(4)

	
Super-SBM model







The DEA analysis proposed by Charnes and Cooper is currently favored by most scholars because it can effectively solve the problem of inconsistency between input and output units [68]. Tone further improved the DEA model by proposing the Super-SBM model, which solves the problem that multiple decision units cannot be further distinguished when their efficiency value is 1 [69]. Therefore, this paper uses the Super-SBM model to measure the EE, which is shown in the following equation [70]:


  m i n ρ =    1 m    ∑   i = 1  m         x ¯     x  i k          1   r 1  +  r 2      (   ∑   s = 1    r 1        y d  ¯     y  s k  d    +   ∑   q = 1    r 2        y u  ¯     y  q k  u    )    



(14)






   x ≥   ∑   j = 1 , ≠ k  n   x  i j    λ j  ;     y d  ¯  ≤   ∑   j = 1 , ≠ k  n   y  s j  d   λ j      y d  ¯  ≥   ∑   j = 1 , ≠ k  n   y  q j  d   λ j  ;   x ≥   ∑   j = 1 , ≠ k  n   x k          y d  ¯  ≤  y k d  ;     y u  ¯  ≥  y k u  ;       λ j  ≥ 0 ,   i = 1 , 2 , … , m ;   j = 1 , 2 , … , n      S = 1 , 2 , … ,    r 1    ;   q = 1 , 2 , … ,    r 2     








where n decision units are assumed, each of which consists of input m, desired output    r 1    and undesired output    r 2   ; x,    y d   ,    y u    are elements in the corresponding input matrix, desired output matrix and undesired output matrix, respectively; and ρ is the urban EE value.





3. Results


3.1. The Regional Integration Level of the CCUA Is Constantly Improving


Firstly, the level of regional integration of the CCUA has basically increased year by year from 2011 to 2020, with a large margin. The comprehensive score has increased by nearly 10 times from 0.0986 in 2011 to 0.9425 in 2020 (Figure 3).



Secondly, the development of regional integration in the CCUA can be divided into two distinct phases (Figure 3): first, the overall level of regional integration grew at a slower rate from 2011 to 2015, and second, the level of regional integration grew at a significantly faster rate from 2016 to 2020. The reason for this is that the State Council approved the “Regional Planning for the Chengdu-Chongqing Economic Zone” in 2011, and for the first time the CCUA was planned as an integrated economic zone on a national scale, but construction facilitating that integration is still in a preliminary stage. Therefore, the development is relatively flat. The National Development and Reform Commission issued the “CCUA Development Plan” in 2016, which has effectively promoted the socio-economic development of the urban agglomeration, improved infrastructure conditions, accelerated the flow of various factors in the region and introduced many policies beneficial to the integrated development, which greatly contributed to the level of development of regional integration.



Finally, specifically, the spatial, market, industrial, economic and institutional integration all increased overall, with market integration playing the largest role in influencing regional integration, followed by institutional integration (Figure 3), which means that the integration of product and factor markets within the CCUA had a greater impact during the study period, with the government playing an increasingly important role as the main policy maker and implementer in accelerating the integration of the urban agglomeration.




3.2. Regional Integration Has Enhanced the EEs of Cities in the Region


In general, the EEs of most cities have improved with the improvement in the integration level of the CCUA, which can be divided into the following types: First, with the improvement in the level of regional integration, the urban EE showed an approximate linear growth relationship, such as in Chongqing, Chengdu, Mianyang, Deyang and Nanchong (Figure 4). Second, when regional integration had a low score in the early stage, urban EE fluctuated or even declined. However, when the level of regional integration was high, especially above 0.7, the urban EE increased rapidly and generally presented a fluctuating or upward sloping “V” or “U” shape, such as in Dazhou, Guang’an, Leshan, Meishan and Ziyang (Figure 5).




3.3. Regional Integration Has Not Really Improved the EEs of Cities in the Region


The improvement in the regional integration level of the CCUA has had a fluctuating impact on EEs of Suining and Zigong, but has not produced an improvement effect. The changes in the EEs of Neijiang and Yibin are more specific, with a “V” or “U” shape, but their EEs in the final year are no greater than in the initial year. The EEs of Luzhou and Ya’an fluctuated more and improved very little (Figure 6).




3.4. Mechanism Analysis


Because urban EE takes into account both socio-economic development and resources and environment, the impact of the regional integration of the CCUA on urban EE in the region should be considered in terms of economic and eco-environmental effects.



The economic effect mainly represents how the internal integration of urban agglomeration affects the EE by affecting the urban economy in the region, mainly including the following two situations. On the one hand, regional integration has significantly promoted the economic growth of some cities in the region and improved EE. There are two main reasons for this: (1) In terms of scale effect, based on the support of national and local policies, to some extent, the integration of the CCUA has broken the constraints of geographical space and administrative barriers between cities in Chongqing and Sichuan, integrated the previously fragmented single markets, expanded the market scale, reduced the circulation cost of various regional production factors, improved the efficiency of resource allocation and has thus provided good conditions for industrial spatial transfer and the promotion of regional specialization. Industrial transfer and agglomeration further generate economies of scale through input sharing, labor market clustering, knowledge spillover and others [71]. The emergence of such economies of scale reduces the production costs of enterprises and improves production efficiency, thus promoting the economic growth of most cities. (2) In terms of competitive effects, regional integration has reduced the local protection and market barriers of the original industries in the CCUA, enhanced the intensity of competition among enterprises and reduced the rent-seeking space of enterprises. Enterprises can only gain more market share and excess profits by continuously increasing independent innovation and improving production efficiency, while inefficient enterprises will accelerate their exit from the market [72]. The survival of the fittest brought about by the competitive effect can improve the production efficiency of most cities in the CCUA, accelerate the elimination of less-developed production capacity and inefficient enterprises, promote the flow of factor resources to departments with high productivity and efficiency, reduce resource mismatch and thus promote economic growth [73]. Specifically, the construction of several sections of railways was accelerated, including the Chengdu–Chongqing Central High-speed Railway, the Chengdu–Dazhou–Wanzhou High-speed Railway, the Chongqing–Qianjiang Railway, the Chengdu–Zigong–Yibin High-speed Railway, the Sichuan–Chongqing section of the Chongqing–Kunming High-speed Railway and the Ankang–Chongqing section of the Xi’an–Chongqing High-speed Railway. The transportation accessibility of the CCUA has been continuously improved, and the growth of the Chongqing and Chengdu metropolitan area (a one-hour “commuting circle”) is accelerating. At the same time, the CCUA has jointly attracted investment, built industrial cooperation parks, and built four world-class industrial clusters such as automobiles, electronic information, equipment manufacturing and specialty consumer goods. In particular, the electronic information cluster has been included in the third batch of advanced manufacturing clusters in China, which has gradually addressed the defects of insufficient industrial convergence and serious homogenization competition between Sichuan and Chongqing, has jointly built a supply and demand information docking platform for the industrial chain and has promoted the transformation and upgrading of traditional advantageous industries. In 2021, the added value of above-scale industries in the CCUA increased by 10.7% year-on-year, 1.1 percentage points higher than that of China as a whole, and its electronic information industry exceeded CNY 2 trillion.



On the other hand, for one thing, the impact of regional integration on the economic growth of some cities was first promoting and then inhibiting, or first inhibiting and then promoting [22]. For another, this impact is also related to the development position in which the city is located; that is, there is heterogeneity in the impact of regional integration on the economic growth of cities in the CCUA, which determined by two forces, the spillover effect and the siphoning effect [73,74]. At a stage of high trade costs, severe market segmentation and very low regional economic integration, the partial improvement in the efficiency and integration of economic agglomeration has helped to promote the economic growth of some cities and has inhibited it in others because of the “black light” and edge effects. However, with the improvement in the level of market integration, even to the advanced stage, the diffusion effect has gradually increased or even exceeded the agglomeration effect. Regional integration has enhanced its inhibition on the economic growth of some cities, but it has also promoted the economic growth of marginalized cities. For example, when the spillover effect is greater than the siphon effect, regional integration generally has a greater impact on the economic development of peripheral cities; when the siphon effect is greater than the spillover effect, central cities will benefit more from the construction of regional integration. In terms of the actual situation of the CCUA, in the first three quarters of 2022, the gross regional product of the main metropolitan area of Chongqing and Chengdu was CNY 1.6 trillion and CNY 1.49 trillion, respectively. Chengdu and Chongqing are the well-deserved “polar core” of the circle. On the one hand, the surrounding cities can take advantage of Chengdu’ and Chongqing as economic centers to enjoy the spillover of capital, technology and knowledge and can enhance the efficiency of capital allocation by reducing transaction costs and improving information asymmetry, thus promoting overall economic and industrial development. On the other hand, the surrounding cities will also be affected by the negative externalities of Chengdu and Chongqing. This is due to the lack of absorption and bearing capacity of peripheral cities and their further loss of human and material capital because of insufficient supporting measures. In this context, the continuous siphoning of resource elements and the imbalance of policy guidance will aggravate the “poverty” of peripheral cities and cause the imbalance of regional economic development. As a result, the increased level of integration of the CCUA has not always contributed to the economic efficiency of the cities in the region.



At the same time, regional integration affects urban EE by influencing the urban ecology of the region. The two main scenarios are as follows: first, the improvement in regional integration has reduced the level of environmental pollution of cities in the region. The direct impact of regional integration on urban pollution reduction includes the establishment of a joint pollution prevention and control mechanism and collaborative governance in urban agglomeration, which can realize the internalization of the externalities of environmental pollution in different cities and solve the “prisoner’s dilemma” problem in the cross-regional governance of environmental pollution. Moreover, the intermediate mechanism of regional integration for pollution reduction is reflected in the following aspects: ① Regional integration has made energy trading between cities possible according to the advantages of division of labor. The elimination of trade barriers in energy-rich cities has greatly reduced the transport costs of energy trade in energy-poor areas, helping to improve the total factor productivity of energy and reducing the environmental load [75]. ② In the classical new economic geography model, regional integration promotes the realization of industrial agglomeration, contributes to the exploitation of enterprise agglomeration externalities, enables the diffusion and sharing of environmental technologies, and improves the green growth efficiency of cities [23,76]. ③ Regional integration promotes the transformation and upgrading of the industrial structure of cities and reduces the carbon emission intensity of enterprise production [77]. For example, the CCUA has systematically planned its ecological and environmental protection strategy and continuously improved its ecological and environmental protection cooperation mechanism. For example, they have successively jointly issued the “Ecological and Environmental Protection Plan for the Twin Cities Economic Circle in the Chengdu-Chongqing Region”, formulated the “Work Points for 2022 on Ecological and Environmental Protection in the Construction of the Twin Cities Economic Circle in the Chengdu–Chongqing Region”, issued the “Work Plan for Deepening Cooperation with Sichuan and Chongqing to Promote Ecological and Environmental Protection in the Twin Cities Economic Circle in the Chengdu-Chongqing Region” and signed the inter-provincial and municipal ecological environment protection joint supervision agreement and the ecological environment joint law enforcement work agreement. Joint law enforcement has been carried out more than 70 times, more than 500 ecological and environmental problems have been solved and 28 neighboring districts and counties have organized to carry out the joint investigation and rectification of environmental safety hazards. Meanwhile, the CCUA has also continued to promote the green and low-carbon transformation of regional industries, such as by establishing an ecological environmental zoning control system, actively promoting the implementation and application of achievements and industrial upgrading and transformation and steadily promoting cooperation in areas such as carbon finance and carbon markets. By the end of 2021, Chongqing’s carbon market quota has been sold for about 28 million tons, and Sichuan’s national voluntary greenhouse gas emission reduction has been sold for about 34 million tons.



On the other hand, regional market integration may also exacerbate environmental pollution in a very small number of cities or may have an uncertain impact. Environmental pollution is often seen in normative theories as a by-product of economic growth. The “trade transfer effect” caused by promoting local integration in the short term is conducive to local economic growth and exacerbates local pollution to some extent. At the same time, the CCUA is an area with a relatively developed economy and a high intensity of environmental regulation. The introduction of foreign direct investment in the region mainly flows to technology-intensive and knowledge-intensive industries, while the traditional heavy chemical enterprises with large emissions of industrial sulfur dioxide, smoke and waste water gradually transfer to the less economically developed cities.



In summary, the impact of the integration process of the CCUA on the EE of cities is broadly focused on two aspects (Figure 7): On the one hand, regional integration can reduce the oppressiveness of the ecological environment by improving economic integration, economic efficiency, labor productivity, unit energy output, economic management technology level and reducing energy consumption, thereby enhancing EE. The higher the level of regional integration, the higher the mandatory constraints on the ecological environment, thus prompting the upgrading of urban industries and green transformation. For example, the mandatory withdrawal of environmentally polluting products with a low market share in turn promotes a higher level of regional integration. Moreover, the strengthening of regional integration has facilitated the movement of labor, capital and other factors between cities, resulting in less ecological oppression and greater EE in mountainous and hilly areas. This is the basic logic behind the finding that the improvement in the integration level of the CCUA has promoted the improvement in the EEs of most cities. On the other hand, resource-based or marginal cities within the CCUA, such as Suining, Zigong, Neijiang, Yibin, Luzhou, Ya’an and other cities located in mountainous or hilly areas, mainly transport labor and resources to the surrounding cities. Their economic transformation is poor and their degree of integration into the urban agglomeration is low. They enjoy less benefits from agglomeration, and their competitiveness is weak; that is, their regional integration leads to high-quality resource output, which leads to failure to really improve the EE of these cities.





4. Discussion


The results of this paper show that as the level of integration of the CCUA increases, the changes in urban EE can be divided into three categories.



The first category shows an approximately linear growth relationship, such as in Chongqing, Chengdu, Mianyang, Deyang and Nanchong. These cities tend to have a good level of development themselves. For example, Chengdu and Chongqing are deservedly the “extreme core”; Mianyang vigorously promotes the development of electronic information, equipment manufacturing, energy and the chemical, food and beverage industries, and it is known as the second city in Sichuan Province; Nanchong has a comprehensive three-dimensional transportation network of water, land and air; Deyang’s GDP ranks fourth in the province and is included in the 2022 list of the top 100 Chinese cities in terms of scientific and technological innovation. These cities have inherent advantages in attracting various factor resources, industrial optimization and technological progress, and are consequently able to enjoy the maximum benefits of regional integration.



The second category is cities with a fluctuating upward relationship, such as Dazhou, Guang’an, Leshan, Meishan and Ziyang. In the early stage of regional integration, the EE of these cities fluctuates or declines; in the later stage, the EE suddenly rises rapidly. These cities often have a weak economic base of their own and are driven by regional integration. Firstly, cities such as Dazhou and Guang’an are constantly importing labor, energy and other factors to the core cities. These are not only large labor-exporting cities but also mature resource-based cities with a large outflow of quality production factors out of the local area. Secondly, cities in this category are constantly inheriting the less-developed industries of the more developed cities and are affected by the “pollution halo” and “darkness under the lights” of these more developed cities. For example, Meishan and Ziyang are connected to Chengdu and Chongqing and are most affected by the siphoning or diffusion of the core cities. Thirdly, cities such as Leshan have difficulties optimizing their industries. Although there are rich tourism resources, high energy consumption and high pollution industries are still the leading forms industry in this category of cities. The industrial linkage is not high, and the tourism industry chain is not complete.



The third category is the relationships where EE has not been truly enhanced, such as Neijiang, Yibin, Luzhou, Ya’an, Suining and Zigong. These cities tend to have poor industrial transformation and rely on low-energy industries to develop their economies, such as Ya’an and Zigong, which are mature resource-based cities, and Luzhou, which is a declining resource-based city. Resource-based cities generally have the problem of resource-based industries being “dominant”, with an unreasonable industrial structure and a large proportion of resource-based industries, which is not conducive to the sustainable development of a city. Resource-based cities should develop and utilize resources efficiently; improve the technology level of resource-based industries, extend the industrial chain; accelerate the cultivation of a number of leading enterprises and industrial clusters for the deep processing of resources; attach great importance to ecological and environmental issues; internalize the costs of ecological and environmental restoration and treatment of enterprises; and vigorously protect and improve people’s livelihood. However, it is worth mentioning the city of Yibin, which has grown very rapidly in the last decade. In the early stage of regional integration, Yibin vigorously developed its secondary industries and built a strong industrial city, with the highest growth rates in the wine and food industries and the comprehensive energy industry. Although economic development was at a high stage, ecological and environmental construction had to be given a red light. In the latter period, Yibin actively transformed and upgraded its industries; organized and completed industrial development plans for rail transportation, intelligent terminals, new energy vehicles, general aviation and new materials; built Yibin University City and Yibin Science and Technology Innovation City; and significantly improved its EE. Although Yibin is in the third category because its EE is not significantly higher than that of the beginning of the year, its EE has been rising continuously since 2015, with a good development prospect, and it is an example of urban transformation and development!



The difference between this paper and previous studies is that fewer studies have suggested that the impact of regional integration on EE is also influenced by complex factors such as the stage of urban development, urban location and their own conditions and made corresponding research hypotheses and classifications. This is the greatest contribution of this paper.



The shortcomings of this paper include the following three points: Firstly, subject to the data, the study spans a relatively short period of time and fails to make a comparative analysis between different urban agglomerations, and the analysis of the mechanism is not deep enough. Secondly, we chose the time period from 2011 to 2020 for the study, with the year 2020 coinciding with the outbreak of COVID-19. The impacts of COVID-19 on the economy and ecology of the CCUA are not considered in this paper. A time series including the period from 2020 to 2022 should be chosen in the future to explore what impacts COVID-19 have had. Thirdly, this paper has given less consideration to the economic level of ordinary citizens and households in the CCUA and its surrounding areas, and will consider developing this part of the work in the future. In summary, we look forward to further research in the future.




5. Conclusions


CCUACCUA (1) The level of integration of the CCUA shows an overall upward trend from 2011 to 2020, with a nearly 10-fold increase in the composite score. Its integration process can be divided into two distinct phases: the slow integration growth phase from 2011 to 2015 and the accelerated integration growth phase from 2016 to 2020. Moreover, regional integration is influenced most by market integration and second most by institutional integration. There is a significant macro-led role for the government.



(2) The increased level of integration of urban agglomerations has generally improved the EE of cities in the region, for example, the near linear level of regional integration of cities such as Chengdu, Chongqing, Mianyang, Deyang and Nanchong has improved their respective EE. However, regional integration may also have fluctuating effects on EE. For example, the level of regional integration in cities such as Dazhou, Guang’an, Leshan, Meishan and Ziyang fluctuates and improves with their respective EE. At the same time, there are also cases where EE does not really improve, for example, the EEs of cities such as Neijiang, Yibin, Luzhou, Ya’an, Suining and Zigong show fluctuating, decreasing or flat trends and do not really improve.



(3) The influence mechanism of the level of integration of the CCUA on urban EE is mainly considered from two aspects: the economic effect and the eco-environmental effect. On the one hand, regional integration can promote economic growth by speeding up the barrier-free flow of factors, integrating resource allocation efficiency, reducing costs, bringing into play the scale effect and releasing the competitive effect of enterprises, but the comparison between the power of the spillover effect and the siphon effect determines whether the EE of each city is enhanced. On the other hand, regional integration can promote the internalization of urban environmental pollution externalities and thus solve the “prisoner’s dilemma” of environmental pollution management across regions and improve the ecological environment by increasing TFP, sharing environmental technology and improving cross-regional pollution management and ecological construction cooperation mechanisms. However, there are still a few cities where the EE has declined due to the “trade diversion effect”.



(4) The reasons for the classification of the impact of the level of integration of urban agglomerations on the EE of cities in the domain include three main points: Cities in the first category are well developed, have inherent advantages in all respects and tend to enjoy the maximum benefits of regional integration. The second category of cities, with their own weak economic base, have siphoned off a large number of high-quality resource elements and are constantly taking over less-developed industries from more developed cities, often fluctuating in the constant pull of the diffusion and siphoning effects to enhance EE. The third category of cities is dominated by resource-based cities with a single, low-grade and difficult-to-transform industry, where the EE cannot be truly enhanced!
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Figure 1. Study area. 
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Figure 2. H-V model for urban agglomeration integration. 
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Figure 3. Evolution of regional integration of CCUA. 
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Figure 4. Regional integration of the CCUA linearly improved the EEs of some cities from 2011 to 2020. 
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Figure 5. The regional integration fluctuation of the CCUA has improved the EEs of some cities from 2011 to 2020. 
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Figure 6. Regional integration of the CCUA does not improve the EEs of a few cities during 2011 to 2020. 
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Figure 7. The impact of the integration of the CCUA on the EEs of cities in the region. 
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Table 1. Comprehensive Evaluation Index System of Integration Level of CCUA.
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Target Level

	
Secondary Target Layer

	
Control Level

	
First Level Indicators

	
Weight

	
Second Level Indicators

	
Weight






	
Measurement of the level of integration of urban agglomeration

	
Horizontal Development

	
Spatial Integration (22.7%)

	
Transportation

	
0.227

	
Number of trains scheduled

	
0.119




	
Highway density

	
0.108




	
Vertical Development

	
Market Integration (42.1%)

	
Product Market

	
0.045

	
Product Market Segmentation Index

	
0.045




	
Elemental Market

	
0.376

	
Capital Market Similarity

	
0.087




	
Technology Market Similarity

	
0.100




	
Labor Market Similarity

	
0.189




	
Industry Integration (12.0%)

	
Industry Integration Index

	
0.12

	
Krugman Index

	
0.064




	
Industrial structure similarity coefficient

	
0.056




	
Economic Integration (8.3%)

	
Economic Gap

	
0.083

	
Standard deviation of GDP per capita

	
0.083




	
System Integration (14.9%)

	
Policy Promotion

	
0.149

	
Synergistic development policy of each prefecture-level city

	
0.149
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Table 2. Evaluation index system of urban EE in CCUA.
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First Level Indicators

	
Second Level Indicators

	
Explanation of Indicators






	
Inputs

	
Labor

	
Number of urban employees at year-end




	
Capital

	
Base period capital stock in 2011




	
Energy source

	
Nighttime light




	
Land

	
Urban land area




	
Desirable outputs

	
GDP

	
Base period deflated GDP in 2011




	
Taxes

	
Base period deflated tax in 2011




	
Urban greening

	
Area of greenery coverage in built-up areas




	
Undesirable outputs

	
Sulfur dioxide

	
Industrial sulfur dioxide emissions




	
Industrial wastewater

	
Industrial wastewater discharge




	
Smoke and dust

	
Industrial smoke (dust) emissions
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