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As a regional development strategy based on the world’s third largest river basin unit, the Yangtze river economic belt strategy plays a vital role in building ecological civilization with the core concept of “ecological priority and green development”. To study the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River. This paper uses the entropy power method to measure the level of ecological civilization construction in 37 prefecture-level cities in the upper reaches of the Yangtze River. It examines the impact of the Yangtze River Economic Belt Strategy on the construction of ecological civilization in the upper reaches of the Yangtze River based on the DID method. The study results show that 1) the level of ecological civilization construction in the Yangtze River’s upper reaches has continuously improved from 2003 to 2020. 2) The implementation of the Yangtze River Economic Belt Strategy has a significant positive impact on the construction of ecological civilization in the upper reaches of the Yangtze River. 3) The Yangtze River Economic Belt Strategy can promote the construction of ecological civilization in the upper reaches of the Yangtze River by improving the level of science and technology innovation. 4) The implementation of the Yangtze River Economic Belt Strategy does not significantly impact the level of ecological civilization construction in the regions participating in the Belt and Road Initiative, so it is necessary to pay attention to the synergy between different policies. This study will help to raise the awareness of developing countries on economic development and ecological protection in the river basin, and provide a reference for policymakers.
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INTRODUCTION
With the continuous expansion of industrial development globally, people’s awareness of environmental pollution is weaker and the ecological crisis has brought more and more significant challenges to human beings (Wisadha and Widyaningsih, 2018; Deng et al., 2022). Under this background, countries worldwide began to attach importance to the theoretical research and practical exploration of sustainable development and gradually realized that the harmonious coexistence of man and nature is the basis for the endless existence of human civilization, and sustainable development has gradually become an international consensus. In recent years, the Chinese government has attached great importance to constructing ecological civilization. It has written ecological civilization into the Constitution, formulated 7 laws, and revised 17 laws (Zhang and Xu, 2022). The ecological civilization construction (ECC) refers to the sustainable development activities of human beings in developing the relationship between human beings and nature and promoting the harmonious coexistence of economy, society, politics, culture, and nature, to promote the formation of spatial patterns, industrial structures, production methods, and lifestyles that conserve resources and protect the environment. The implementation of ecological civilization construction is the Chinese people’s profound reflection on traditional industrialization, which breeds the cognition and pursuit of new forms of human civilization after industrial civilization (Pan, 2021). The core of ecological civilization construction is to coordinate the relationship between man and nature (Dai and Zhou, 2022). The essence is building a community of shared destiny between man and nature. The essence of ecological civilization lies in the coordination of ecological, social, and economic values (Peng et al., 2021). Although different methods have been used to measure the level of ecological civilization construction, such as the Coupling coordination degree (CCD) model (Le et al., 2021; Zuo et al., 2021), the Pressure-state-response (PSR) model (Fuguo and Peng, 2014), the force-pressure-state-influence-response (DPSIR) model (Chen et al., 2022b; Chai and Zhou, 2022), the Structural equation model (SEM) (Bing and Zhiguang, 2018), the Technique for Order Preference by Similarity to an Ideal Solution (TOPSIS) model (Mi et al., 2016; Gou and Lu, 2020), the Panel data model (PDM) model (Qinlin and Ping, 2014), the Data envelopment analysis (DEA) (Pan et al., 2022) and other methods to evaluate the construction of ecological civilization. The indicators selected by different scholars are different, mainly including the industrial structure and marketization degree (economic perspective), government environmental risk awareness and green government action (political perspective), resident’s well-being and corporate environmental responsibility (social perspective), cultural education The nine explanatory variables of investment (cultural perspective), green travel and ecological construction (ecological perspective) describe the level of ecological civilization construction (Dong et al., 2021). From scholars’ studies, it is easy to find that the level of ecological civilization construction can, to a certain extent, reflect the sustainable development level of the region It can not only meet the growing human demand for a beautiful ecological environment, but also promote higher quality, more efficient, more equitable, more sustainable, and safer development (Gare, 2017; Wang and Wu, 2022).
In September 2014, the Chinese government issued the “Guiding Opinions of the State Council on Promoting the Development of the Yangtze River Economic Belt by Relying on Golden Waterways,” marking the initial formation of the Yangtze River Economic Belt strategy. The Yangtze River Economic Belt is an inland river economic belt with global influence, a coordinated development belt for interaction and cooperation between the East, China, and the West, and a belt for opening up to the outside world in an all-round way along the coast and along the river, and a pioneering demonstration belt for ecological civilization construction (Cao et al., 2020). Great importance is attached to regional sustainable development. The Yangtze River Economic Belt covers 11 provinces and cities, including Shanghai, Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei, Hunan, Chongqing, Sichuan, Yunnan, and Guizhou, with an area of about 2.0523 million square kilometers, accounting for 21.4% of the country’s total population and GDP. More than 40% of the national total. To effectively promote the development of the Yangtze River Economic Belt strategy, in December 2014, the Central Committee of the Communist Party of China established a leading group to promote the development of the Yangtze River Economic Belt. Furthermore, the relevant departments of state organs, 11 provincial and municipal governments along the Yangtze River, and responsible comrades of relevant units are members. The leading group office is located in the National Development and Reform Commission. Since implementing the Yangtze River Economic Belt strategy, scholars have taken the Yangtze River Economic Belt as a research area. They have carried out much research on urbanization, water resources, carbon emissions, ecosystem services, ecological compensation, and ecological efficiency of the Yangtze River Economic Belt (Chen et al., 2019; Yu et al., 2019; Chen et al., 2021; Wu et al., 2022). A few scholars also directly discussed the impact of implementing the Yangtze River Economic Belt strategy (Dai et al., 2022). Generally speaking, the construction of the Yangtze River Economic Belt is the best choice to promote the economic development layout of the Yangtze River Basin (Lu, 2014). For example, some scholars believe that after the establishment of the Yangtze River Economic Belt strategy, the water use efficiency of the Yangtze River Economic Belt has dramatically improved (Liu and Yuan, 2022). Some scholars have also proved through research that the strategic Policy of the Yangtze River Economic Belt reduces the local water ecological footprint, which is more significant in developed areas than in developing areas, and more effective for agriculture than for industry (Luo et al., 2019).
To sum up, there are many research results on constructing the Yangtze River Economic Belt or ecological civilization in the academic world. However, few scholars have studied the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization from the perspective of the Yangtze River Economic Belt strategy (Tang and Li, 2022). The upper reaches of the Yangtze River, as the ecological security barrier area and water conservation area of the Yangtze River Economic Belt, have a fundamental ecological security pattern (Zhao et al., 2006; Zhang et al., 2017; Peng et al., 2018; Shi C. et al., 2022), and the level of ecological civilization construction directly affects the sustainable development level of the Yangtze River Economic Belt (Wang et al., 2019). Therefore, whether the strategy of the Yangtze River Economic Belt has promoted the construction of ecological civilization in the upper reaches of the Yangtze River and its mechanism are worthy of in-depth study. It can not only measure the implementation effect of the Yangtze River Economic Belt Strategy, but also further reveal the sustainable development level of the upper reaches of the Yangtze River. It is of great significance to optimize the regional development strategy and ecological environment protection measures formulated by China and other countries. This research expands the research perspective of sustainable development theory. It provides a reference for the development-oriented regions of the world with “ecological priority and green development” so that decision-makers can effectively integrate ecological and environmental protection when formulating economic development strategies in the policy system. It will help alleviate the damage to the ecological environment caused by economic development strategies, provide a basis for ecological compensation in the upper, middle, and lower reaches of the basin, promote the coordinated development of the upper, middle and lower reaches of the basin, and ultimately promote the sustainable development of the entire basin. We hope that this study will achieve the following three objectives:
1) Based on the entropy weight method, construct an evaluation index system of ecological civilization construction level in the upper reaches of the Yangtze River from the three dimensions of ecology, economy, and society, and measure the level of ecological civilization construction in the upper reaches of the Yangtze River. 2) Use DID to judge the strategy of the Yangtze River Economic Belt, The impact on the construction of ecological civilization in the upper reaches of the Yangtze River, and the analysis of the impact mechanism. 3) The heterogeneity analysis of the areas in the upper reaches of the Yangtze River that belong to the “One Belt, One Road” initiative and the Chengdu-Chongqing economic circle to test the Yangtze River Economic Belt Differences in the implementation effects of strategies in the upper reaches of the Yangtze River.
MATERIALS AND METHODS
Study area
The Yangtze River, the third longest river in the world and the longest river in China, is China’s crucial biological gene treasure house and ecological security barrier and an essential support for China’s sustainable economic development. For thousands of years, the Yangtze River Basin has been linked by water, connecting the upper and lower reaches, the left and right banks, and the principal and tributaries, provides precious water resources for the Yangtze River Basin and supports the livelihoods of millions of people (Huang et al., 2021), and forming an enormous economic and social system. From the scope defined by the development strategy of the Yangtze River economic belt, the upper reaches of the Yangtze River mainly include Chongqing, Sichuan, Yunnan, and Guizhou. Since the ecological environment of the entire upstream basin affects the ecological security of the middle and lower reaches, strengthening initiatives to promote the formation of ecological protection in the upper reaches of the Yangtze River is a new requirement in response to the new era of socialism with Chinese characteristics and the new stage of coordinated regional development, so the construction of ecological civilization should be studied from the perspective of the basin (Wen et al., 2022). Therefore, as shown in Figure 1, the upper reaches of the Yangtze River referred to in this paper are based on river basins, covering nine provinces, autonomous regions, and municipalities directly under the central government, including Tibet, Qinghai, Sichuan, Yunnan, Chongqing, Guizhou, Gansu, Shanxi, and Hubei, including the river basin above Yichang City in Hubei Province, starting from Geladandong on the Qinghai Tibet Plateau in the west, Yichang in Hubei in the East, Gansu and southern Shaanxi in the north, Yunnan and Northern Guizhou in the south. It covers the areas covered by nine provinces, cities and autonomous regions in the upper reaches of the Yangtze River (Wen et al., 2021).
[image: Figure 1]FIGURE 1 | Upper Yangtze river basin and specific study area map.
Data sources
Starting from the availability of data and the credibility of the empirical research results, this paper considers the overall scope of the upper reaches of the Yangtze River. Among them, minority autonomous prefectures are excluded because of their large amount of missing data. The data of this study include Ankang, Baoji, Dingxi, Hanzhong, Longnan, Tianshui, Anshun, Bazhong, Chengdu, Dazhou, Deyang, and Guang’an, Guangyuan, Guiyang, Kunming, Leshan, Lijiang, Liupanshui, Luzhou, Meishan, Mianyang, Nanchong, Neijiang, Panzhihua, Qujing, Shiyan, Suining, Xiangyang, Ya’an, Yibin, Yichang, Yuxi, Zhaotong, Chongqing, Ziyang, Zigong, Zunyi, a total of 37 prefecture-level cities. Ankang, Baoji, Dingxi, Hanzhong, Longnan, Tianshui belong to the upper reaches of the Yangtze River Basin, but does not belong to the strategic scope of the Yangtze River Economic Belt. So Ankang, Baoji, Dingxi, Hanzhong, Longnan, Tianshui are used as the control group for this empirical study. The original data come from the China Statistical Yearbook, China Urban Statistical Yearbook, China Financial Statistical Yearbook, China Environmental Statistical Yearbook, China Education Statistical Yearbook, China Health and Family Planning Statistical Yearbook, and provinces (cities, districts) Statistical Yearbook, China Social and Economic Development Database and the official website of the National Bureau of Statistics, and so forth. Part of the missing data is filled by linear interpolation or mean interpolation. The individual missing data in the calculation process is filled by the moving average method.
Dependent variable
Many scholars have researched the evaluation of the level of ecological civilization construction. Based on existing research (Zhang and Lan, 2013; Wang D. et al., 2021; Yan et al., 2021; Zhou J. et al., 2022; Xu et al., 2022), the indicators of the ecological civilization construction level in the upper reaches of the Yangtze River are selected from the three dimensions of ecology, economy, and society, and the ECC indicator system is constructed, as shown in Table 1. According to the PSR theory of ecological environment, the three aspects of ecological basis, pressure, and response more accurately reflect the interaction between human economic activities and the ecological environment. Based on this, the measurement indicators are selected. The ecological basis reflects the regional ecological environment and the level of essential resources. It is represented by indicators such as per capita green space area and urban green coverage rate; ecological pressure reflects the threat to the ecological environment caused by human production and life and is represented by indicators such as per capita industrial wastewater discharge, per capita SO2 discharge, per capita smoke and dust discharge; ecological response reflects the countermeasures taken by human beings in the face of ecological environment feedback are characterized by indicators such as the comprehensive utilization rate of solid waste, the rate of harmless treatment of domestic waste, and the rate of sewage treatment. Corresponding to the ecological subsystem indicators, the economic subsystem indicators are constructed from three aspects: economic strength, structure, and vitality. The economic strength reflects the overall basic level of regional economic development and is characterized by indicators such as per capita GDP and economic density; the tertiary industry increases the economic structure. The proportion of value and the proportion of employees in the secondary industry is characterized by indicators; the economic vitality reflects the driving ability of the regional economic “troika,” which is characterized by the per capita fixed assets and retail commodity consumption. The social subsystem indicators are constructed from three aspects: social foundation, service, and security, and comprehensively reflect the degree of harmonious social development. The social foundation reflects the development of urbanization and people’s living standards and is represented by indicators such as urban and rural residents’ disposable income; and information level, which is represented by indicators such as the number of medical beds and the penetration rate of mobile phones; social security reflects the degree of infrastructure and agricultural security, which is represented by indicators such as road network density and per capita grain output.
Independent variable
The core explanatory variable in this study is the Yangtze River Economic Belt strategy (Yang and Jiang, 2022). We will set up a regional dummy variable according to the regional implementation of the Yangtze River Economic Belt strategy. The region in the strategic planning of the Yangtze River economic belt is 1, otherwise it is 0. The starting year of implementing the Yangtze River Economic Belt strategy is 2014, and the time variable is virtual. After 2014, the time variable is 1, otherwise it is 0.
Control variable
First, population density (PD) reflects the pressure exerted by human clusters in a region on the ecosystem in that region. Therefore, we believe that population density in a region can affect the construction of ecological civilization (Zhang and Zhang, 2011). Secondly, for the economic system of a region, Second, for a regional economic system, foreign direct investment (FDI) is an essential channel for regional capital growth (Borensztein et al., 1998), an opportunity for exposure to advanced technology and management practices (Sultana and Turkina, 2020), and an essential factor influencing green development (Wang M. et al., 2021). Thirdly, the level of human capital (HC) and fiscal decentralization (FD) can also affect the construction of regional ecological civilization to a certain extent (Wang Y. et al., 2022; Zhou R. et al., 2022). Fourth, marketization (MKT) can affect energy utilization efficiency, so it may also affect the construction of regional ecological civilization (Chen et al., 2022a). Furthermore, in order to avoid multiple collinearity problems in the model, control variables such as marketization level, population density, foreign direct investment, human capital, and fiscal decentralization are treated logarithmically. The logarithmic results of marketization level, population density, foreign direct investment, human capital and fiscal decentralization are expressed in lnMKT, lnPD, lnFCI, lnHC and lnFD respectively.
Entropy weight method
The entropy weight method is used to determine the index weight objectively, which is widely used (Cheng et al., 2020; Ji et al., 2020). According to the index system set up above, the entropy weight method is used to calculate the weight of each index by using the information entropy principle in combination with the observed values of each index. First, based on dividing j-type indicators into positive indicators and negative indicators, dimensionless treatment is carried out for them.
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In the formula, t represents for year, [image: image] = 1,2,3,……,18; [image: image] represents the city, [image: image] = 1,2,3,……,37;[image: image] represents index of category, [image: image] = 1,2,3,……,20. [image: image] represents the value of the city [image: image] index in year t; [image: image] represents the dimensionless value of [image: image] index of the city [image: image] in year [image: image]. [image: image] and [image: image] represent the maximum and minimum values of index [image: image] respectively.
Then calculate the entropy and weight of indicators:
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In the formula, [image: image] represents the normalized value, [image: image] represents the entropy value of the j-type index, and [image: image] represents the weight of the j-type index, [image: image] represents the ecological civilization construction level of the city [image: image] in the year of [image: image].
DID model
This study explores the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River. The DID model is the primary model used in this study. It compares the areas included in the Yangtze River Economic Belt strategy that belongs to the upper reaches of the Yangtze River and the areas that are not included in the Yangtze River Economic Belt strategy and belong to the upper reaches of the Yangtze River. The set DID model is as follows:
[image: image]
In the formula, Policy is a dummy variable. When location [image: image] bbelongsto the strategic planning scope of the Yangtze River Economic Belt, Policy is 1. Otherwise, it is 0, and time is also a dummy variable because the Yangtze River Economic Belt is a dummy variable. The starting time for the implementation of the strategy is 2014. When the year is more significant than 2014, time is 1. Otherwise, it is 0. [image: image] is a control variable, including marketization, population density, technological innovation level, foreign direct investment, and human capital. [image: image] is the individual fixed effect, [image: image] is the time fixed effect, and [image: image] is the disturbance term.
RESULTS
The level of ecological civilization construction in the upper reaches of the Yangtze River
The ecological civilization construction level calculated by the entropy weight method is shown in the figure. The average value of the ecological civilization construction level in the upper reaches of the Yangtze River is 0.158, the minimum value is 0.017, and the maximum value is 0.611. On this basis, the spatial distribution map of ecological civilization construction in the upper reaches of the Yangtze River in 2003, 2007, 2011, 2016, and 2020 was drawn with the help of ArcGIS mapping software. It can be seen from Figure 2 that the construction of ecological civilization in the upper reaches of the Yangtze River showed an upward trend from 2003 to 2020. However, the spatial differences among various regions were pronounced. The higher values mainly appear in Shiyan, Yichang, Xiangfan, and Chengdu. Specifically, Chengdu had the highest comprehensive development level in 2003, which was 0.15654; Yichang was the second, at 0.12535; The lowest is Dingxi, which was only 0.01727. In 2016, Chengdu, Yichang, and Chongqing ranked the top three in emission intensity, reaching 0.33527, 0.2780, and 0.24682, respectively. Zhaotong ranked the lowest, only 0.08117. In 2020, Yichang, Chengdu, and Deyang ranked the top three in terms of comprehensive development level, with 0.35969, 0.40375, and 0.31778, respectively. Longnan still ranked the lowest, with only 0.10830.
[image: Figure 2]FIGURE 2 | Evolution of ecological civilization in the upper reaches of the Yangtze River in 2003, 2007, 2011, 2016 and 2020.
Benchmark regression results
Table 2 presents the benchmark regression results, and column (1) presents the regression results of the influence of the Yangtze River Economic Belt strategy on the construction of ecological civilization, controlling for individual and time-fixed effects. Column (2) gives the regression results after adding control variables based on column (1), which mainly controls the influence of marketization, foreign direct investment, population density, fiscal decentralization, human capital, and other control variables on the upper reaches of the Yangtze River. The influence of regional ecological civilization construction level. In the column, the coefficient of the interaction term between Policy and time is 0.031 and is statistically significant at the 1% level. This preliminarily proves that the strategy of the Yangtze River Economic Belt can promote the construction of ecological civilization in the upper reaches of the Yangtze River. Column (2) gives the interaction coefficient between Policy and time in column 0.026. It is statistically significant at the 1% level, which proves that the control variables such as marketization, foreign direct investment, fiscal decentralization, population density, and human capital are controlled. After that, implementing the Yangtze River Economic Belt strategy still promoted the construction of ecological civilization in the upper reaches of the Yangtze River. At the same time, from the perspective of the size of the coefficient, the coefficient of the interaction term between Policy and time becomes smaller after adding the control variable, indicating that some control variables have diluted the explanatory power of the Yangtze River Economic Belt strategy to promote the construction of ecological civilization in the upper reaches of the Yangtze River. The coefficient of lnMKT and lnPD are This paper uses negative, and it has passed the significance test at the 1% level, proving that marketization and population density can restrain, the construction of ecological civilization in the upper reaches of the Yangtze River to a certain extent.
TABLE 1 | Evaluation index system of ecological civilization construction (ECC) level.
[image: Table 1]TABLE 2 | Benchmark regression table.
[image: Table 2]Heterogeneity test
In addition to the Yangtze River Economic Belt strategy, some regions in the upper reaches of the Yangtze River also participate in the “Belt and Road” initiative. In addition, the planned area of the Shuangcheng economic circle in the Chengdu Chongqing region, as the economic hinterland of the upper reaches of the Yangtze River, is also different from other areas in the upper reaches of the Yangtze River. To further understand the impact of the “the Belt and Road” initiative and the twin city economic circle in the Chengdu Chongqing region on the implementation of the Yangtze River Economic Belt strategy, the upper reaches of the Yangtze River Basin are further divided into the regions participating in the “the Belt and Road” initiative, the regions not participating in the “the Belt and Road” initiative and the planned regions of the twin city economic circle in Chengdu Chongqing region, and on this basis, heterogeneity analysis is conducted. In this heterogeneity analysis, 25 cities have not participated in the “the Belt and Road” initiative, 12 cities have participated in the “the Belt and Road” initiative, and 14 planned areas of the twin city economic circle in the Chengdu Chongqing region. The regression results of heterogeneity analysis are shown in Table 3. Columns (1) and (2) reflect the impact of the Yangtze River Economic Belt strategy on the ecological civilization construction in the upper reaches of the Yangtze River basin that are not participating in the “Belt and Road” initiative. Columns (3) and (4) reflect the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River Basin participating in the “Belt and Road” initiative. Columns (5) and (6) reflect the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River Basin, which belongs to the Shuangcheng economic circle of the Chengdu Chongqing region. Columns (1), (3), and (5) do not control the impact of the control variables. Columns (2), (4), and (6) control the control variables such as the level of marketization, population density, foreign direct investment, human capital, and fiscal decentralization. In addition to column (4), the coefficients of the interaction between Policy and time in columns (1), (2), (3), (5), and (6) are positive and significant, which proves that, first of all, the Yangtze River Economic Belt strategy promotes the construction of ecological civilization in the upper reaches of the Yangtze River, regardless of whether it belongs to the Shuangcheng economic circle in Chengdu Chongqing region. The coefficient of areas belonging to the twin city economic circle of the Chengdu Chongqing region is slightly higher than that of areas not belonging to the twin city economic circle of the Chengdu Chongqing region. Secondly, it can be found that the Yangtze River Economic Belt strategy does not significantly promote the ecological civilization construction of the regions participating in the “Belt and Road” initiative in the upper reaches of the Yangtze River under the Control of other variables. The “Belt and Road” initiative and the Yangtze River Economic Belt strategy are out of harmony in constructing ecological civilization.
TABLE 3 | Heterogeneity analysis table.
[image: Table 3]Parallel trend test
The premise of using the double difference method to estimate the effectiveness of the Policy is that the experimental group and the control group have the same growth trend before being impacted by the Policy, so it is necessary to conduct a parallel trend test on the explained variables. This paper uses two methods to test the parallel trend (Beck et al., 2010; Zhang et al., 2021).
First, the 5 years before and after implementing the Yangtze River Economic Belt strategy were selected as the period for the parallel trend test. The ecological civilization construction levels of the treatment and control groups from 2009 to 2019 were compared. The results are shown in Figure 3A. In Figure 3A, the exgroup represents the experimental group, and the congroup represents the control group. It can be found that before the implementation of the Yangtze River Economic Belt strategy in 2014, the growth trend of the experimental group and the control group was similar. However, after implementing the Yangtze River Economic Belt strategy, the ecological civilization construction level of the experimental group and the control group showed significant differences. The growth trend of the experimental group was faster than that of the control group. Secondly, set a dummy variable for each year from 2009 to 2019, multiply it with the dummy variable of the experimental group, and then regress the level of ecological civilization construction with the dummy variable of the eight products, and they did the core explanatory variable. The results are shown in Figure 3B. In Figure 3B, the virtual variable coefficient multiplied by the years before 2015 and the experimental group is insignificant, and the virtual variable coefficient after 2015 is positive and significant. Because the effect of policy implementation often lags behind the time of policy implementation, it can be proved that the model meets the parallel trend hypothesis.
[image: Figure 3]FIGURE 3 | Parallel trend test chart.
PSM-DID inspection
The control and experimental groups belong to the upper reaches of the Yangtze River; there is a certain degree of homogeneity. However, to further control the possible systematic differences between cities in the upper reaches of the Yangtze River that participate in the strategy of the Yangtze River Economic Belt and other cities in the upper reaches of the Yangtze River (Huang et al., 2021), and to further regulate the bias of the double difference estimation. This article uses the PSM-DID method to carry out the benchmark regression results. Robustness check (Qi S. et al., 2021). This paper uses marketization, population density, foreign direct investment, human capital, and fiscal decentralization as covariates. It applies the Mahalanobis distance matching method to carry out propensity score matching for the strategic cities of the Yangtze River Economic Belt. The matching results show that four cities cannot be matched to the appropriate control group. This paper further conducts a balance test on the matching results and finds that the balance conditions are met. Therefore, the DID method can be used for regression, and the regression results are shown in Table 4. From the sign, size, and significance of the regression coefficients, it can be seen that the regression results of PSM-DID are not much different from the benchmark regression results, so the model can be judged robust.
TABLE 4 | PSM-DID inspection form.
[image: Table 4]Placebo test
Under the condition of controlling the improvement of ecological civilization construction level brought about by time changes, to further verify whether the implementation of the Yangtze River Economic Belt strategy has promoted the ecological civilization construction in the upper reaches of the Yangtze River and to exclude the influence of unobserved urban sample characteristics on the regression results, this paper randomly selects 20 of all 37 samples as the “pseudo-experimental group” for placebo test, repeats the random sampling process 500 times, and re-regresses the product of the dummy variable with time as the core explanatory variable. Figure 4 shows the coefficient distribution of the regression result of the level of ecological civilization construction as the explained Variable. It can be seen from the figure that the distribution of the regression coefficients of the two models is concentrated around 0. It can be seen that the sample combination after random sampling has an impact on ecological civilization construction. So it can be concluded that the regression results of the participatory distinction between the experimental and Control groups in the benchmark regression are robust.
[image: Figure 4]FIGURE 4 | Placebo test chart.
Mechanism discussion
According to the above research results, the Yangtze River Economic Belt strategy has significantly promoted the ecological civilization construction level in the upper reaches of the Yangtze River. This paper analyzes the mechanism of action of the Yangtze River Economic Belt strategy for constructing ecological civilization from the perspective of technological progress. On this basis, we use the method of gradual regression to discuss further the mechanism of the Yangtze River Economic Belt strategy on the ecological civilization construction level in the upper reaches of the Yangtze River. Analyze which factors influence the Yangtze River Economic Belt strategy to promote the construction of ecological civilization in the upper reaches of the Yangtze River.
[image: image]
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In the formula, [image: image] represents the mediating variable. This study mainly uses technological innovation as the mediating Variable to explore the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River.
The Yangtze River Economic Belt strategy can promote the construction of ecological civilization by improving the technological innovation level of cities along the Yangtze River Economic Belt. Table 5 shows the test results of the technology improvement effect. Column (1) column reflects the impact of the Yangtze River Economic Belt strategy on technological innovation in the upper reaches of the Yangtze River without adding control variables; column (2) adds marketization level, population density, foreign direct investment, and Control variables such as human capital and fiscal decentralization still mainly analyze whether the Yangtze River Economic Belt strategy has improved the level of technological innovation in the upper reaches of the Yangtze River. The independent variable of the column (3) is the level of ecological civilization construction. The intermediary variable is technological innovation. The control variables are marketization, population density, foreign direct investment, human capital, and fiscal decentralization. The results show that the Yangtze River Economic Belt strategy has significantly improved the level of technological innovation, and technological innovation has significantly improved the level of ecological civilization construction. It can be seen that the strategy of the Yangtze River Economic Belt can promote the improvement of the ecological civilization construction level by improving the technological level of the city.
TABLE 5 | Mechanism analysis form.
[image: Table 5]DISCUSSION
Contributions and limitations
Based on the existing research (Qv et al., 2021; Liu et al., 2022; Qi and Song, 2022), the spatial evolution of the ecological civilization construction level in the upper reaches of the Yangtze River is measured by using the ECC indicator system. The sustainable development level of the regions with the most excellent ecological value in the Yangtze River Basin in China can be seen. At the same time, we established a DID model to analyze the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River. We found that since 2003, the level of ecological civilization construction in the upper reaches of the Yangtze River has gradually improved, and the implementation of the Yangtze River Economic Belt strategy has also promoted the construction of ecological civilization in the upper reaches of the Yangtze River.
Therefore, the research contributions of this paper are as follows. First of all, the research on the upstream basin is relatively rare at present with the ecological importance of the upstream basin in the whole basin being extremely prominent. The Yangtze River is the third largest river in the world and one of the most important rivers in China. ECC is a unique concept in China. ECC’s goal is to measure the level of sustainable development. Therefore, in our research, we used ECC to evaluate the level of sustainable development in the upper reaches of the Yangtze River. It can not only measure the sustainable development level of the upper reaches of the Yangtze River more accurately, but also provide reference for other countries to measure the sustainable development of the river basin. Secondly, a good level of ecological civilization construction means the common development of the three dimensions of regional economy, society and ecology (Qi Y. A. et al., 2021; Long, 2022; Yang et al., 2022), consistent with previous research. Consistently, It once again confirmed that environmental protection and economic and social development are not absolute conflicts (Tallis et al., 2008), laying a foundation for promoting the sustainable development of the entire watershed. Third, previous studies have focused more on the social and economic activities in the Yangtze River Economic Belt region (Xu et al., 2020; Li et al., 2021; Wang X. et al., 2022; Shi X. et al., 2022; Ge et al., 2022). Few scholars have considered the impact of China’s major regional strategies on real life from the perspective of the implementation of the Yangtze River Economic Belt strategy. Few scholars have studied the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization. In our research, we found that sustainable economic development strategies can promote the level of ecological civilization construction. This paper expands the research perspective of sustainable development theory, providing a reference for the development-oriented regions of the world with “ecological priority and green development” and providing a reference for formulating and implementing regional development strategies. Fourth, we discussed the impact mechanism of implementing the Yangtze River Economic Belt strategy on constructing ecological civilization. That is, to say, the construction of ecological civilization can be affected by improving the technical level. This provides new ideas for formulating regional economic strategies in the future.
However, it should be pointed out that the research methods and ideas of this paper still need to be improved:
1) The ECC evaluation method is based on evaluating the three dimensions of ecology, economy, and society. Therefore, there may be influencing factors that have not been considered in selecting indicators.
2) The upper reaches of the Yangtze River included in the Yangtze River Economic Belt strategy are Chongqing, Sichuan, Guizhou, and Yunnan provinces and municipalities directly under the central government. However, the upper reaches of the Yangtze River we hope to evaluate include Tibet, Qinghai, Sichuan, Yunnan, Chongqing, Guizhou, Gansu, Shaanxi, Hubei, and other nine provinces, autonomous regions, and municipalities directly under the central government. However, due to the limitations of the did method, Chongqing, Sichuan, and Guizhou Besides the four provinces and municipalities directly under the central government of Yunnan as the experimental group, we also took Tibet, Qinghai, Gansu, Shaanxi, Hubei, and other places as the control group. Therefore, we only evaluate the impact of the Yangtze River Economic Belt strategy on the upper reaches of the Yangtze River within the planning scope of the Yangtze River economic belt. Future research can try to evaluate the impact of regional economic strategy on the whole upper Yangtze River Basin.
3) Our research conducted a fundamental analysis of the impact of did evaluation method on the construction of ecological civilization in the upper reaches of the Yangtze River. We have not simulated and predicted the future development trend of the Yangtze River Economic Belt strategy on the ecological civilization construction in the study area, so it is difficult to comprehensively analyze and solve the ecological civilization construction in the whole Yangtze River Basin. Therefore, this will be the direction of our further research in the future.
Policy implications
This paper hopes to combine different governance strategies at the international and national levels, provide targeted governance strategies for different regions in the upper, middle, and lower reaches of the same basin to achieve ecological environment protection and coordinated economic and social development (Wu, 2022), and promote the harmonious coexistence of people and nature in the basin. Based on the above research results, the following relevant policy recommendations are proposed:
1) In general, The Yangtze River Economic Belt Strategy is conducive to improving ecological civilization in the upper reaches of the Yangtze River, demonstrating that a regional development strategy guided by “ecological priority and green development” and “grasping great protection and not engaging in great development” can promote sustainable regional development. Therefore, to promote the basin’s sustainable development, national and local governments can accelerate the introduction of regional development policies guided by “ecological priority and green development”. We will build a service platform for ecological civilization construction and promote the coordinated development of the ecosystem, economic system and social system.
2) Improving technological innovation is a critical path to promoting ecological civilization in the upper reaches of the Yangtze River and is a new engine for green development. Therefore, for the ecological civilization construction in the upper Yangtze River region and other basins in the world, only by continuously promoting technological innovation, strengthening top-level design and overall planning, formulating medium- and long-term development strategic goals, improving technological innovation mechanisms for ecological civilization construction, grasping the law of green development and the dynamic needs of ecological civilization construction, further strengthening the union and coordination between departments and industries, and paying more attention to technological innovation policy In order to make new achievements in the construction of ecological civilization.
3) The implementation of the Yangtze River Economic Belt Strategy has not significantly contributed to the construction of ecological civilization in the regions participating in the Belt and Road Initiative. Therefore, it is necessary to establish a high-level communication and coordination committee to ensure the synergy between different policies and the degree of cooperation between different sectors to avoid mutual interference and suppression between policies.
CONCLUSION
Based on the leading function of land use and the situation of the study area, this paper selects nine provinces, cities, and autonomous regions covering the upper reaches of the Yangtze River as the study area from the perspective of the river basin. It uses the did evaluation method to investigate the impact of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the upper reaches of the Yangtze River from the three dimensions of ecology, economy, and society and analyzes the sustainable development level of the upper reaches of the Yangtze River. The conclusions are as follows:
1) From 2003 to 2020, the level of ecological civilization construction in the upper reaches of the Yangtze River Basin continued to improve.
2) The empirical results show that implementing the Yangtze River Economic Belt strategy can promote the construction of ecological civilization in the upper reaches of the Yangtze River.
3) Some areas in the upper reaches of the Yangtze River belong to both the Yangtze River Economic Belt strategy and the “Belt and Road” initiative. The empirical results show that after participating in the “the Belt and Road” initiative, the ecological civilization construction level in the upper reaches of the Yangtze River will not be significantly promoted by the Yangtze River Economic Belt strategy.
4) Whether it belongs to the twin city economic circle of the Chengdu Chongqing region, implementing the Yangtze River Economic Belt strategy can promote the construction of ecological civilization in this region. The promotion effect of the Yangtze River Economic Belt strategy on the construction of ecological civilization in the Chengdu Chongqing region is more significant than in other regions.
5) We can promote the construction of ecological civilization in the upper reaches of the Yangtze River by improving technological innovation in the strategic areas of the Yangtze River economic belt.
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