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The study determines the coupling degree of green investment and green ecology in China using kernel density estimation, spatial autocorrelation analysis, and standard deviation ellipse model to empirically evaluate the data of 30 Chinese provinces from 2005 to 2019. Moreover, the study investigates the temporal evolution trend, spatial clustering characteristics, and spatial evolution trend of coupling degree. Although the coupling coordination value of green investment and green ecology gradually increased, it is generally at a low coordination stage. At the same time, regional disparities narrowed with the most significant variability in the eastern region. Moreover, results found that the aggregation effect of the coupling and coordination of green investment and green ecology is more significant, and the high-value aggregation area extended from the lower reaches of the Yangtze River to the midstream region, while the western region is dominated by low-value aggregation. Similarly, the degree of synergy between green investment and green ecology is increased; however, the fragmentation trend is inevitable. At the same time, the center of gravity of coupling coordination shifted to the western regions, and the spatial pattern gradually weakened in the “northeast-southwest” direction. The findings of the study stress that local governments of China should improve the green investment system for green ecological development in the surrounding areas of the Yangtze River Economic Belt. Moreover, it is required to focus on the Northeast revitalization and Western development strategies to promote the synergistic development of green investment and green ecology.
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1 INTRODUCTION
1.1 Background
In parallel with global economic growth, environmental issues have increased (Khan et al., 2020). About 8.3 million people die each year due to environmental pollution (Khan & Ozturk, 2020) and most cases were found in China as it has ranked second in the world (Landrigan et al., 2018; Gu et al., 2019; Gu et al., 2020). Therefore, it is indispensable to advocate green ecological development in China, as an important for social welfare and human health (Wang et al., 2020). Green investment has involved in the field of renewable energy (Yao et al., 2016; Elahi et al., 2019; Elahi et al., 2022; Elahi et al., 2022) and promotes green economy (Ekeh et al., 2007), which also caters to the strong public demand (Liao and Shi, 2018). May studies have found a positive nexus between green investment and green ecology. Shen et al. (2021) studied the role of natural resource rents, green investment, financial development, and energy consumption in carbon emission reduction using panel data of Chinese provinces in recent years, and concluded that green investment is negatively related to carbon emissions, suggesting that green investment should be promoted to control carbon emissions. Zhu et al. (2014) suggested that environmental regulations as well as green investment can motivate pollution-intensive enterprises in China to maintain green ecology through technological innovation, industrial structure upgrading, and plant relocation. However, some scholars argue that there is a non-linear correlation between the two, that the effect of carbon neutrality and green transformation has a lag, that short-term green investment initiatives will increase the proportion of national eco-industrial R&D investment and weaken green ecological protection, and that the impact of green investment efforts on China’s green ecological quality shows a “U” shaped change (Fuyong and Xiang, 2022). There are different views on the study of the coupling mechanism between green investment and green ecology. Many gaps in the quantitative studies on coupling coordination, such as coupling trends and the evolution of the dynamics, have been found. To the best of our knowledge, this is the first attempt to explore the evolutionary trend of green investment and green ecology coupling from temporal and spatial dimensions. Moreover, it provides ideas for green investment and green ecology synergistic development policies in China.
1.2 Literature review and contribution of the study
1.2.1 Green investment promotes green ecology
Some scholars interpret green investment as “socially responsible investment”, i.e., investment based on a combination of environmental, social, and economic criteria, which is part of “green finance.” Others also innovatively interpreted green investment as the “environmental protection investment.” Zhang et al. (2022) used the entropy method and undesirable-SE-SBM model to measure provincial green finance and green development efficiency respectively from 2008 to 2018, and the results showed that green finance can significantly promote green development and improve green ecology after a certain percentage of R&D investment. Mesjasz-Lech (2017) analyzed the relationship between environmental protection expenditures and environmental governance effectiveness for sustainable development using principal component analysis for EU industrial sector related firms and observed that the increase in environmental protection expenditures in most countries was accompanied by improved environmental governance effectiveness. Green investment plays its capital allocation role to provide financial support to green industries for technological innovation, which leads to energy consumption reduction and pollution reduction, and improvement of green ecosystem.
1.2.2 Impact of green ecology on the efficiency of green investment
Green ecology is an important development approach for social progress and green investment efficiency. Most of the existing literature focused on the impact of green ecology on economic growth (Peng et al., 2021; Peng et al., 2021; Zhao et al. 2020; Aldieri et al., 2020) reported that environmental regulations impacted the distribution of financial resources. Vogel (2000) justified that economic integration and green ecological regulation are compatible and that economic integration can provide a certain degree of an effective mechanism for raising regulatory standards. From the perspective of enterprises, Leiter et al. (2011), Testa et al. (2011), and Zhu et al. (2014) argued that a series of government management tools such as environmental controls, financial subsidies, and collection of emission fees can significantly optimize the production methods of enterprises and strengthen their level of green investment. Improving the level of green ecology can effectively enhance corporate investment in energy conservation and emission reduction, thus enhancing environmental protection investment, while green ecology can also enhance corporate environmental protection revenue by increasing corporate investment in energy conservation and emission reduction (Chesney et al. 2011; Jaraite et al. 2014).
1.2.3 Coordination between green investment and green ecology
Despite the green investment is a subdivision of the economy in the field of capital financing, a few studies focused on the coordination relationship between green investment and green ecology. Most of the existing literature focuses on the harmonious relationship between economic growth and green ecology. Kline (2000) believed that high-level economic growth and a high-quality environment can coexist in ecological cities. Feiock and Stream (2001) found that economic growth and the environment should be integrated and that they should have a harmonious development relationship to promote each other. Gan and Bu (2020) revealed that the coupling coordination between green finance and the eco-environment is developing from an uncoordinated level to a well-coordinated level, but failed to analyze their coupled coordination relationship in depth. On the one hand, Liu et al. (2018) argued that the social welfare brought by economic development can significantly improve the quality of the environment and gradually lead to the benign development of the overall environment. On the other hand, the gradual improvement of the environment can optimize the economic structure, stimulate economic vitality and adjust the economic scale.
By comparison of the above studies, it is found that most of the existing studies on green investment and green ecology focus on the improvement effect of green investment on green ecology and the promotion effect of green ecology on green investment efficiency, and there are still research gaps on issues of the coupling and coordination of green investment and green ecology, which need to be further explored. The existing studies on the spatial distribution of coupling and coordination mostly focused on the field of spatial clustering, and lack of in-depth exploration of the evolution of spatial and temporal patterns. Therefore, the current study selects general indicators of green investment and green ecology in 30 Chinese provinces and explores the coupling characteristics of green investment and green ecology in China from 2005 to 2019. While studying the temporal evolution trend of coupling coordination, it also delves into the spatial evolution characteristics of coupling coordination and examines whether there is a coupling effect between green investment and green ecology. Furthermore, the study provides ideas for synergistic development of green investment and green ecology in China.
2 MATERIALS AND METHODS
2.1 Research methods
Common methods of variable modeling studies include panel data (Khelfaoui et al., 2022; Khelfaoui et al., 2022), bias correction (Ahmed et al, 2021), structural equation modeling (Ahmed et al., 2021), and sample analysis (Ahmed et al., 2019), among others. The coordination model is used to estimate the degree of interaction between green investment and green ecology. Using the kernel density function, another estimation method is constructed to study the time-series evolution of the interaction between green investment and green ecological development. In addition, we used the spatial autocorrelation analysis method (Moran’s I index, Getis-Ord Gi* index) for exploratory spatial data analysis (ESDA) and the spatial standard deviational ellipse model to analyze the spatial global characteristics and local spatial clustering differences in the coordination of green investment and green ecology coupling.
2.1.1 Pre-processing of data
As the indicators of green investment and green ecology differ in terms of units and areas of expertise. Therefore, to eliminate the influence of the innate defects of the system indicators on the empirical results, the values of the indicators should be carried out using dimensionless processing. Based on this theory, the indicators were standardized into positive and negative indicators using maximum difference denormalization (Wang et al., 2019).
[image: image]
[image: image]
where [image: image] denotes the value of indicator i in the j-th year. [image: image] and [image: image] represent the minimum and maximum values of the indicator among all indicators in the j-th year, respectively. [image: image] is the final standard value. To eliminate the interference of human factors on the index values, the standardized index [image: image] is processed by the entropy method to obtain the weights [image: image] (Cao et al., 2020). The results of the weights are given in Table 1.
TABLE 1 | Construction of a systematic index of green ecology and green investment.
[image: Table 1]2.1.2 Coupling coordination model
The concept of coupling is taken from physics and it refers to the process in which two or more systems interact and thus influence each other. Many scholars used this concept in the fields of economics, ecology, and sociology. Similarly, in this study, we considered the “green investment-green ecology” system as the research object. Following Tang (2015), a coupling coordination model consisting of a coupling degree model and a coordination degree model was constructed.
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where [image: image] is the coupling degree, [image: image] is the integrated coordination index of green investment and green ecosystem. [image: image] and [image: image] are the undetermined coefficients of green investment and green ecosystem, respectively, which are listed at the same level in this paper. Therefore, both are brought in with a value of .5 (Ai et al., 2016). [image: image] is the integrated coordination degree of green investment and green ecosystem.
2.1.3 Kernel density estimation
Taking the coupling coordination value as the research object, the kernel density estimation method is applied to explore the time evolution pattern of the coupling relationship between green investment and green ecology. The kernel density estimation is based on non-parametric tests, which evaluate and analyzes the probability densities of variables, and ultimately investigate the evaluation method of data distribution dynamics. While in the fields of management, geography, and economics, the probability density distribution characteristics of the specified years within the study period of the sample can be used to compare the temporal evolution pattern of the study object using a given function.
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where [image: image] is the kernel function with bandwidth. In this study, the default bandwidth of Stata software is used, while the Gaussian kernel function is used. For the implementation of kernel density, we have followed Jiang et al. (2019).
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2.1.4 Convergence function
To explore the variability characteristics of a certain research object in the research region, the convergence function (σ) can measure the variability of a certain index. In this study, the coupling coordination value is brought into the convergence function for a preliminary study on the variability of the coupling coordination between green investment and green ecology in each region of China. Following the studies of Wu et al. (2020), the specific equation can be written as:
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where [image: image] shows the coupling coordination value of province [image: image] in year [image: image] and [image: image] represents the log standard deviation of [image: image] provinces in year [image: image].
2.1.5 Spatial clustering analysis
The spatial autocorrelation method is a type of exploratory spatial data analysis to explore the interconnections and dependencies of variables among regions within the research object that consisted of two theoretical models i.e., global spatial autocorrelation and local spatial autocorrelation (Li et al., 2020). In this paper, we used Moran’s I index and Getis-Ord Gi* index, which are commonly used in the application of indices to focus on the spatial local clustering characteristics among provinces, autonomous regions, and municipalities that are directly under the central government.
Global spatial autocorrelation (Global Moran’s I):
[image: image]
Local spatial autocorrelation (Local Moran’s I):
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Getis-Ord Gi* index:
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where [image: image] is the global Moran index, [image: image] is the local Moran index, [image: image] is the sample size, [image: image] and [image: image] denote the coupling coordination values of the [image: image] and [image: image] provinces and municipalities respectively. [image: image] is the spatial weight that indicates the spatial relationship between regions within the research object. In this paper, we used the adjacent spatial weight as the operational value, i.e., adjacent is recorded as 1 and non-adjacent is recorded as 0.
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If [image: image] and passes the [image: image]-value significance test, it indicates that the coupling coordination value is significant and positively correlated, while if [image: image] and passes the [image: image]-value significance test, it indicates that the coupling coordination value is significant and negatively correlated; otherwise, the correlation is not significant.
2.1.6 Spatial standard deviational ellipse
This paper carries out an empirical study using a spatial standard deviational ellipse to investigate the spatial global characteristics for the coupling and coordination characteristics of green investment and green ecology. The standard deviational ellipse focuses on revealing the global characteristics of geographical elements’ spatial distribution and belongs to the statistical analysis method of spatial pattern. The model mainly describes the spatial distribution dynamics of geographical elements quantitatively with parameters such as the center of gravity, rotation angle θ, x-axis standard deviation, and y-axis standard deviation (Gong, 2002).
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where [image: image] is the barycentric coordinate of the coupling coordination value of the green investment and green ecology. [image: image] is the spatial coordinate of the study area, and [image: image] is the relative coordinate of each point in the study area from the regional coupling coordination center. [image: image] is the value of coupling coordination between green investment and green ecology in each region. [image: image] and [image: image] are the standard deviation along the [image: image]-axis and [image: image]-axis, respectively. Similarly, [image: image] shows the deflection angle.
2.2 Sources of indicator and classification
2.2.1 Construction of indicator system and sources
Green investment indicators and green ecological indicators are complex systems, including social, economic, environmental, and other factors (Peng et al, 2018; Peng et al, 2020; Zhao et al, 2021; Zhong et al, 2021). This paper upholds the principles of indicator availability, comprehensiveness, and scientific nature. Moreover, following Fei et al. (2020), He et al. (2017), and Lu et al. (2017) we selected a total of three first-level indicators for green ecosystems such as green growth, green welfare, and resource environment. Similarly, a total of three first-level indicators are selected from green investment such as investment in environmental pollution control, investment in water conservancy construction, and investment in forestry. The detail of the selection of indicators is given in Table 1.
The data were obtained from the China Statistical Yearbook on Environment, the China Water Statistical Yearbook, the China Forestry Yearbook, and the statistical yearbooks of each province from 2005 to 2019. The vector map of China was used to visualize the conclusions which it is derived by scanning the administrative boundaries of the region, and the individual missing values are filled in by linear regression interpolation.
2.2.2 Coupling feature classification
Coordination degree refers to studying the degree of coupling while considering the coordination degree between systems, which is used to explore the good or bad coupling degree between green investment and green ecosystem, usually, the value of D is in the range of 0 and 1. This paper draws on the research results of Gan and Bu (2020) to make the following classification of coordination degree level (Table 2).
TABLE 2 | Classification of coupling coordination level.
[image: Table 2]3 RESULTS
3.1 Analysis of coupling coordination
The coupling coordination values of green investment and green ecology were estimated based on the coupling coordination model. In particular, we selected 2005, 2010, 2014, and 2019 as time points to study the temporal characteristics of the coupling coordination in various provinces of China (Figure 1). Furthermore, the provinces were divided into eastern, central, and western regions to determine the spatial distribution of the coupling coordination between green investment and green ecology.
[image: Figure 1]FIGURE 1 | Evolution values of coupling coordination.
The results depict that from 2005 to 2019, the coupling coordination values of provinces showed a continuously increasing trend, but all of them were at the stage of serious disorder, and the coupling coordination values also vary widely between regions. It shows that the combination of green investment and green ecology in China has become deeper during the study period, but the interaction between the two is relatively chaotic and the development trends are different between regions. For instance, from 2005 to 2010, the coupling coordination values were generally larger in the eastern provinces of China particularly, Guangdong, Liaoning, and Shandong. It indicates that the superior economic advantages and infrastructure in the eastern regions provide a solid foundation for the combination of green investment and green ecology. Similarly, from 2010 to 2019, the coupling coordination values of developed eastern coastal provinces such as Jiangsu, Shanghai, Zhejiang, and Guangdong still ranked in the first echelon, but the mean value of coupling coordination values in the central region is higher than that in the eastern region during the period. It means that the coupling coordination values of eastern provinces particularly, Liaoning and Tianjin are too low and there is a certain degree of polarization.
Regarding types of coordination (Table 3), the types for coordinating green investment and green ecology in 2005–2019 are only the no coordination type and the low coordination type. Specifically, the type of coordination between green investment and green ecology in China from 2005 to 2010 is dominated by the type of no coordination, and the coordination relationship between green investment and green ecology is generally in a chaotic state during the period. From 2014 to 2019, the number of provinces in the low coordination type gradually increased by 66.7% and 76.7% of the total in 2014 and 2019, respectively. This implies that during this period China’s green investment and green ecology started the coordination phenomenon; however, the overall coordination level is still not high.
TABLE 3 | Evolution of types of coupling coordination.
[image: Table 3]3.2 Time evolution
We used the kernel density estimation method and determined the evolution characteristics of the coupling coordination between green investment and green ecology. Figure 2 illustrates that from 2005 to 2019, there is an overall shift to the right in the center of the kernel density curve of the coupling coordination between green investment and green ecology, and the magnitude of the shift gradually increases. However, the change interval has decreased year by year. It suggests that the coupling coordination value of Chinese provinces has increased continuously over 15 years and the regional gap has narrowed.
[image: Figure 2]FIGURE 2 | Kernel density distribution of coupling coordination.
From 2005 to 2019, the kernel density curve shows a shift from multiple peaks to a single peak. In 2005, there are two peaks, of which the kernel density value corresponding to the first peak is smaller than the second one, indicating a clear polarization of the coupling coordination between green investment and green ecology in each province. In 2010, the kernel density curve consists of the main peak and two side peaks, suggesting that the polarization characteristics of the coupling coordination of green investment and green ecology have been expanded gradually. The shape of the kernel density curve in 2014 is similar to that in 2005; however, the number of peaks decreased as compared to 2010 until the kernel density curve developed into a single peak in 2019. It means that the regional differences in the coupling coordination of green investment and green ecology in each province decreased gradually. This indicates that a higher level of agglomeration phenomenon and polarization characteristics disappeared.
From 2005 to 2019, the kurtosis of the kernel density curve of green investment and green ecological coupling coordination shifts to the right. It shows a shift from a “sharp peak” to a “broad peak.” From 2005 to 2014, the left peak of the kernel density curve gradually increased, and the spike feature of the crest become more and more significant, which means that the coupling coordination value of the green investment and green ecology increased in each province of China. Furthermore, Figure 2 illustrates that the kurtosis of the kernel density curve decreased year by year from 2014 to 2019, while the crest pattern gradually flattened out and evolved toward a broad peak feature. This implies that the number of regions with the coupling coordination value of the green investment and green ecology corresponding to each crest was expanded.
3.3 Convergence analysis
The convergence function (σ) was used to estimate the differences in the coupling coordination of green investment-green ecology among various regions of China (Figure 3). At the national level, from 2005 to 2014, the σ values continue to decline, indicating a gradual decrease in the variability of the coupling coordination between green investment and green ecology in China. Figure 3 illustrates that the value of σ increased slightly from 2014 to 2019, but it is still smaller than the σ values in 2005. It reveals an overall decrease in the variability of coupling coordination over the study period. At the regional level particularly in eastern and western regions, the values of σ experienced an evolutionary trend of slowly decreasing and then slowly increasing. The overall coupling coordination showed a convergence trend. From 2005 to 2014, the values of σ in the central region declined rapidly and then increased slowly from 2014 to 2019, which indicates a significant overall decrease in the variability of coupling coordination in the region. The order of σ values in the three regions is the highest in the eastern region, the second-highest in the western region, and the smallest in the central region, which shows that the central region has the least variability in the coupling coordination characteristics of green investment and green ecology.
[image: Figure 3]FIGURE 3 | Convergence analysis of the coupling coordination.
3.4 Spatial clustering analysis
The coupling coordination value of the green investment and green ecology were taken as the research variable and calculated Moran’s I index for 2005, 2010, 2014, and 2019. We performed 9999 randomizations to test the significance level (Table 4). In 2005, 2014, and 2019, the Moran'I index was greater than zero, and it showed an evolutionary trend of first decreasing and then increasing. It demonstrates that the coupling coordination of green investment and green ecology has spatial clustering characteristics at this time, and the clustering characteristics were continuously strengthened in 2014 and 2019. In 2010, the Moran'I index is less than zero, which means that the coupling coordination at this time does not have the characteristics of spatial agglomeration, but presents a certain degree of dispersion. Except in 2005, when the Z-value of coupling coordination passes the 5% significance test, the rest of the time points are not significant at the 5% or 10% statistical level. However, it is not proved that there is a lack of autocorrelation of coupling coordination between green investment and green ecology in China because the selection of spatial weights and the differences between regions may lead to insignificant coupling coordination values. Therefore, the spatial correlation analysis using the local Moran'I index is required.
TABLE 4 | Global Moran'I indexes.
[image: Table 4]The local Moran index can reasonably analyze the spatial autocorrelation of the study area. The local indicators of spatial association (LISA) clustering maps are plotted at a 5% significance level. Figure 4 illustrates that the coupling coordination of green investment and green ecology in China from 2005 to 2019 possesses four types of spatial agglomeration: 1) Significantly high-high type, i.e., the coupling coordination values of both itself and the surrounding areas are high, and the differences between regions are small. It reveals the phenomenon of high-value aggregation. In terms of its spatial distribution, it was mainly concentrated in Shandong, Jiangsu, Shanghai, Zhejiang, and Henan in 2005, while the number of high-value aggregation areas gradually disappeared in 2010. The number of significantly high-high type areas continued to increase from 2010 to 2019, extending to the middle and lower reaches of the Yangtze River provinces and their surrounding areas. 2) Significantly high-low type, i.e., the self-coupling coordination value is high, but the surrounding areas are small, and the spatial differences are more obvious. The regional distribution of this spatial agglomeration type is limited and existed only in Sichuan Province in 2005. 3) Significantly low-high type, i.e., the self-coupling coordination value is low, but the coupling coordination values of surrounding areas are high and the spatial differences are more significant. From 2005 to 2014, the spatial distribution is more regionally concentrated, mostly located in Anhui and Jiangxi provinces, and occasionally in Hainan and Shanghai in individual years. 4) Significantly low-low type i.e., the coupling coordination value between itself and the surrounding areas is low, and the spatial difference is small, showing a low-value aggregation. In 2005, a significantly low-low type is distributed only in Xinjiang and Gansu. After 2005, there are few low-value aggregation regions in Gansu Province.
[image: Figure 4]FIGURE 4 | Local indicators of spatial association of the coupling coordination. (A) 2005, (B) 2010, (C) 2014, (D) 2019.
The Getis-Ord Gi* index can be calculated for each element of the research data, and the statistical method is different from the local Moran index, which is an important complement to local spatial autocorrelation. Therefore, this paper further explores the clustering characteristics of the coupling coordination of green investment and green ecology in China and divides them into cold spot areas, sub-cold spot areas, sub-hot spot areas, and hot spot areas using the natural break method (Figure 5). The results can be reported as: 1) The number of hot spot areas increased year by year, gradually developing from the coastal provinces in the lower reaches of the Yangtze River to the provinces in the middle and lower reaches of the Yangtze River and its surrounding areas, demonstrating that these provinces have higher coupling coordination values, have advantages in the combination of green investment and green ecology, and presented a high-value aggregation trend. 2) During 2005 and 2014, the number of sub-hot spot areas decreased gradually, initially concentrated in the central provinces of East China and some central provinces, and gradually shrinking to the coastal areas of East China. In 2014 and 2019, the number of sub-hot spot areas grew rapidly to 18 and was distributed in the eastern, central, and western regions. There are large differences in coupling coordination values between regions. 3) The development trend of the number of sub-cold spot areas is opposite to that of sub-hot spot areas, experiencing a development trend of gradual expansion followed by rapid shrinkage, and in 2019 there is Heilongjiang Province belonged to sub-cold spot areas. The regional differences are large. 4) The number of cold spot areas gradually decreased and is concentrated in the western region. After 2014, only Qinghai and Gansu existed. It shows that the low-value aggregation area of the coupling coordination value is gradually shrinking in the western region, and the regional differences are small.
[image: Figure 5]FIGURE 5 | Cold and hot spot areas of the coupling coordination degree. (A) 2010, (B) 2005, (C) 2014, (D) 2019.
3.5 Analysis of spatial evolution
After proving the existence of spatial clustering characteristics of the coupling coordination of green investment and green ecology in China, this study further applies the center of gravity-standard deviation ellipse method to investigate the spatial evolutionary dynamics of the coupling coordination values. And, 2005, 2010, 2014, and 2019 are selected to study the spatial distribution characteristics of the coupling coordination of green investment and green ecology (Table 5; Figure 6).
TABLE 5 | Shift of the center of gravity for coupling coordination values and standard deviation ellipse parameters.
[image: Table 5][image: Figure 6]FIGURE 6 | Spatial distribution of evolutionary trend of the coupling coordination degree.
Examining the distribution, distance, and rate of movement of the center of gravity in the center of gravity model, the centers of gravity of the coupling coordination between green investment and green ecology in China are all distributed in Henan Province. It indicates that in the generalized east-west direction, the combination of green investment and green ecology in eastern China is generally better than that in the western region. It is found that the center of gravity of the coupling coordination value in 2005 is located in Pingdingshan City, Henan Province. From 2005 to 2010, the center of gravity of the coupling coordination value shifted to the southwest from Baofeng County (Pingdingshan City) to Lushan County (Pingdingshan City), moving 40.02 km and 8.04 km/a, respectively. It is the farthest distance and the fastest moving rate. Similarly, the center of gravity shifted to the northwest from 2010 to 2014, moving from Baofeng County to Song County in Luoyang City, but the distance and rate of movement decreased to 18.18 km and 4.545 km/a, respectively. Moreover, the center of gravity of the coupling coordination value shifted to the southwest again in 2014 and 2019 and approached the edge of Nanyang City, at this time the moving distance increased slightly and the moving rate increased slowly. The above analysis shows that the center of gravity of China’s green investment and green ecological coupling coordination generally showed a westward shift in the east-west direction, and shifts northward and then southward in the north-south direction. It is gradually developed towards the middle reaches of the Yangtze River at the geographical level. The moving speed of the center of gravity generally showed a trend of “accelerating to gradually decreasing to slowly increasing.”
From the evolution of the rotation angle, the spatial pattern of the coupling coordination between green investment and green ecology in China from 2005 to 2019 showed a “northeast-southwest” phenomenon and a shift toward the “north-south” direction, while the rotation angle θ presents an overall trend of fluctuating declined. This indicated that the “northeast-southwest” spatial distribution pattern has a certain degree of tendency to weaken. Specifically, the rotation angle θ changed by 0.8° from 2005 to 2010, which showed that the spatial pattern of coupling coordination between green investment and green ecology has shifted from “northeast-southwest” to “due north-south” by 0.8°. From 2010 to 2014, the rotation angle θ increased to 31.01°, and the spatial distribution of the coupling coordination type shifted to the “due north-south” direction again by 2.66° from 2014 to 2019.
From the analysis of the length of the main axis, the standard deviation of both the major axis and the minor axis of the standard deviation ellipse from 2005 to 2019 showed a fluctuation with an increasing trend. It indicated that the coupling coordination between green investment and green ecology in China is gradually dispersed in the “northeast-southwest” and “southeast-northwest” directions. From the change of the major axis, the standard deviation of the major axis in 2005 gradually expanded from 1,098.26 to 1,130.56 km in 2010, suggesting that the coupling coordination is dispersed in the spatial direction of “northeast-southwest”. The standard deviation of the major axis decreased from 1,130.56 to 1,108.10 km from 2010 to 2019. It showed that the coupling coordination gradually polarized in the “northeast-southwest” direction during this period. From the change of the minor axis, the standard deviation of the minor axis decreased from 2005 to 2010 and from 2014 to 2019, which means that the coupling coordination is polarized in the “southeastward-northwestward” direction. The standard deviation gradually increased from 2010 to 2014. It indicated that the coupling coordination is dispersed in the direction of “southeastward - northwestward.” The change of the flatness rate fluctuates from 1.138 to 1.129 during the study period. This implies that the coupling coordination between green investment and green ecology in China showed a local aggregation trend, and the overall aggregation degree gradually decreased.
4 DISCUSSION
In this study, the coupling coordination characteristics of green investment and green ecology are studied in spatial and temporal dimensions. In particular, the coupling coordination is explored in three aspects: temporal evolution characteristics, spatial clustering analysis, and spatial pattern evolution.
Regarding the temporal evolution of coupling coordination, the national coupling coordination value developed from 0.1432 to 0.2314 from 2005 to 2019, and the coupling coordination value of the green investment and green ecology gradually increased. However, it is still at the stage of serious unbalanced development. Similar to the study of Gan and Bu (2020), who concluded that the coupling coordination of the green financial system and ecology was changed from the uncoordinated stage to the well-coordinated stage. The center of the kernel density curve shifted to the right, but the changed interval decreased year by year. At the same time, the number of peaks gradually decreased, showing a “spike-broad peak” transformation, indicating that the coupling coordination values of Chinese provinces have narrowed during the study period. Therefore, the clustering phenomenon is more significant, and the polarization characteristics have disappeared significantly. The results of the convergence analysis revealed that the differences in coupling coordination decreased across Chinese provinces, but the most significant difference was found in the eastern region. Probably because China first proposed the concept of ecological civilization in 2007, thus the coupling coordination value of green investment and green ecology gradually increased. Until 2016 when China announced the industrial green development and the green financial system planning, the green investment was formally involved in the green ecological construction, while the coupling coordination was still in the primary stage. However, green development policies vary from region to region, and regional characteristics were formed with the evolution over time. Thus the gap in regional coupling coordination was decreased. Among them, the economic base and geopolitical advantages of the eastern region are better than those of the central and western regions. The polarization phenomenon among the provinces in the eastern region is also the most significant, and therefore there is a greater variability of coupling coordination is found.
Regarding the analysis of spatial cluster, whether it is the local Moran'I index or the Getis-Ord Gi* index, the spatial distribution characteristics showed that the high-value agglomeration area developed gradually from the Yangtze River inlet and its vicinity to the middle reaches of the Yangtze River, making it a highland for the synergistic development of green investment and green ecology, and the radiation effect on the neighboring provinces has always existed, which is similar to the conclusion of other studies, for instance, Yao et al. (2014). In these studies, the significant economic and ecological agglomeration characteristics in the eastern part of China were found because China proposed the strategy of Yangtze River Golden Waterway, the Yangtze River estuary area represented by Shanghai, Jiangsu, Anhui, and Zhejiang which has a strong economic advantage. The amount of related environmental pollution control investment, water conservancy construction investment, and forestry investment is also more than sufficient. The geographical situation is mostly plain, coupled with a variety of policy resources, which can ensure that green investment is efficiently and sufficiently invested in the field of green ecology. In China, the combination of green ecology and green ecology is in the first echelon. However, low-value aggregation regions are only distributed in and around Gansu with the least obvious coupling coordination characteristics. Perhaps because the economic base of the western region represented by Gansu is relatively weak, and the ecological environment is relatively poor, the combination of the two has a long way to go.
Regarding spatial pattern evolution, the center of gravity of the coupling coordination of green investment and green ecology generally shifted 53.84 km to the southwest. The results are in line with the studies of Lai et al. (2020), who found the coupling coordination of ecology and economy in the central and western provinces gradually increased. Probably because the implementation of the Belt and Road and the Western Development Strategy proposed by China, led to the strengthening of the state’s support for the western and southwestern regions, providing an important policy backing for the economic development of the central and western regions and laying the foundation for the implementation of green investments. This also confirmed the conclusion that the coupled and coordinated high-value agglomeration region evolved towards the middle reaches of the Yangtze River. The deflection angle of the standard deviation ellipse fluctuated from 28.99° to 28.35°, with an overall shift in the “due north-south” direction, similar to the conclusion that the center of gravity shifted southward in the north-south direction, while the principal axis length of the standard deviation ellipse increased during the study period and the flattening of the ellipsoid decreased from 1.138 to 1.129, indicating that the distribution of coupling coordination expanded during 2005 and 2019, and the degree of synergy between green investment and green ecology increased, but its fragmentation was inevitable. This may be due to the gradual improvement of the green financial system, and the level of green investment is also tilted by policy resources. The provinces can put the amount of green investment into relevant fields, which makes the degree of synergistic development of green investment and green ecology gradually rise. However, the convergent policy requirements also restrict the development of each province, making it difficult to form regional characteristics, and thus creating a fragmented situation.
The findings of the study show a more significant coupling effect between green investment and green ecology in China, at the level of temporal evolution analysis, spatial clustering analysis, and spatial pattern evolution analysis.
5 CONCLUSION AND POLICY IMPLICATIONS
The study focuses on the coupling coordination of green investment and green ecology in 30 Chinese provinces and cities from spatial and temporal dimensions using the coupling coordination model, kernel density estimation, spatial autocorrelation, and spatial standard deviation ellipse methods. The main findings of the study can be summarized as:
Overall, the study found that the coupling effect of green investment and green ecology in China is generally at a preliminary stage. In particular, the coupling coordination value of the green investment and green ecology is gradually increased, but the overall state is in a serious imbalance. Meanwhile, the regional gap of coupling coordination narrowed with the most significant variability in the eastern region. Specifically, the coupling coordination value of the green investment and green ecology in China developed from 0.143 to 0.231, but the coordination type is dominated by low-level coordination, while among all regions the difference coefficient in the eastern region is the highest.
The aggregation effect of the coupling coordination of green investment and green ecology is significant. The high-value aggregation area extends from the lower reaches of the Yangtze River to the middle reaches of the Yangtze River, while the western region is dominated by low-value aggregation. The specific performance of the significant high-high type and hot spot areas are from the Yangtze River estuary to the middle reaches of the Yangtze River transfer trend, but the western region such as Gansu has shown low-value aggregation characteristics. Therefore, it is suggested to highlight the dominant position of the Yangtze River Economic Belt, strengthen cooperation with neighboring regions, share green investment patterns and green ecological governance experience, and achieve the goal of coordinated development of green investment and green ecology in internationalized city clusters.
The degree of synergistic development between green investment and green ecology is increased, but fragmentation is inevitable. At the same time, the center of gravity of coupling coordination moved to the southwest, and the spatial pattern gradually weakened in the direction of “northeast-southwest.” Moreover, the distribution range of the standard deviation ellipse is expanded and the flattened ellipsoid is decreased. The center of gravity of the coupling coordination value is shifted to the southwest in Henan, and the deflection angle is also fluctuated down.
It is suggested that China should continue to improve the green financial system, refine the investment scope of green finance, provide important policy support for the in-depth participation of green investment in the fields of green welfare, green economy, and natural resources, and actively guide the flow of social capital to green ecology. Therefore, it is recommended that Chinese provinces give full play to their geographical advantages, actively carry out the Northeast Revitalization Strategy and Belt and Road Development Strategy, and develop green ecological development strategies according to local conditions.
This paper finds a coupling effect between green investment and green ecology through a quantitative study of coupling characteristics, indicating that there is a degree of positive effect between green investment and green ecology in China. On the other hand, this paper finds that the center of gravity of the combination of green investment and green ecology is close to the middle reaches of the Yangtze River, which shows the excellence of the Yangtze River Economic Belt strategy and provides a regional model for realizing the synergistic development of green investment and green ecology. Due to the complexity of the facilitation between green investment and green ecosystem, this study conducted a macro empirical analysis on the coupling coordination between green investment and green ecology at the provincial level, and ignored at the city level. Moreover, the study did not find the influencing factors of coupling and coordination. The above deficiencies and weaknesses can be overcome in future studies to make more valuable research on green investment and green ecology.
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