[image: image1]Evaluation of Temporal and Spatial Changes in Ecological Environmental Quality on Jianghan Plain From 1990 to 2021

		ORIGINAL RESEARCH
published: 16 May 2022
doi: 10.3389/fenvs.2022.884440


[image: image2]
Evaluation of Temporal and Spatial Changes in Ecological Environmental Quality on Jianghan Plain From 1990 to 2021
Wei Ren1,2, Xuesong Zhang1,2* and Hongjie Peng1,2
1Hubei Province Key Laboratory for Geographical Process Analysis and Simulation, Wuhan, China
2College of Urban and Environmental Sciences, Central China Normal University, Wuhan, China
Edited by:
Wenting Zhang, Huazhong Agricultural University, China
Reviewed by:
Sanwei He, Zhongnan University of Economics and Law, China
Jun Yang, Northeastern University, China
* Correspondence: Xuesong Zhang, zhangxuesong@mail.ccnu.edu.cn
Specialty section: This article was submitted to Land Use Dynamics, a section of the journal Frontiers in Environmental Science
Received: 26 February 2022
Accepted: 28 March 2022
Published: 16 May 2022
Citation: Ren W, Zhang X and Peng H (2022) Evaluation of Temporal and Spatial Changes in Ecological Environmental Quality on Jianghan Plain From 1990 to 2021. Front. Environ. Sci. 10:884440. doi: 10.3389/fenvs.2022.884440

Located in the middle reaches of the Yangtze River, Jianghan Plain is an important part of the middle and lower reaches of the Yangtze River Plain, and together with Dongting Lake Plain, it is known as the Two-Lake Plain. It is a well-developed agricultural area and is an important source of grain in China, as well as one of the major cotton-producing areas, and aquaculture is also an important local industry. With the rapid development of urbanization in China, the impact of human activities on the ecological environment of Jianghan Plain has become increasingly obvious in recent years, and how to timely and objectively assess spatial and temporal changes in ecological environmental quality is of great practical significance for the sustainable development of the region and the construction of an ecological civilization. The Google Earth Engine platform was used to optimize the reconstruction of Landsat TM/OLI images of Jianghan Plain from 1990 to 2021, coupled with four indicators of the natural ecological environment such as the Normalized Difference Vegetation Index, WET, Normalized Difference Soil Index, and Land Surface Temperature to construct the remote sensing ecological index (RSEI) and evaluate the spatial and temporal changes in ecological environmental quality on Jianghan Plain. The results showed that the mean RSEI values in 1990, 1998, 2006, 2014, and 2021 were 0.667, 0.636, 0.599, 0.621, and 0.648, respectively, indicating that the overall ecological environmental quality of Jianghan Plain showed a decreasing trend from 1990 to 2006 and an increasing trend from 2006 to 2021. Degradation was most serious from 1990 to 1998, accounting for 44.86% of the total area, and improvement was most obvious from 2006 to 2014, accounting for 26.64% of the total area. Moran’s I values from 1990 to 2021 were 0.531, 0.529, 0.525, 0.540, and 0.545, respectively, indicating that the spatial distribution of ecological environmental quality was positively correlated. The local spatial clustering of the RSEI local indicators of spatial association showed that H-H clustering areas on Jianghan Plain were mainly distributed in the northern and western regions, and L-L clustering areas were mainly distributed in the densely populated eastern regions with frequent human activities. The results can provide a theoretical basis for ecological environmental protection and improvement on Jianghan Plain.
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INTRODUCTION
Ecological environmental quality refers to the degree of the ecological environment, which is the material basis for human survival and development and reflects the suitability of the ecological environment for human survival and socioeconomic development (Han et al., 2021; Khan et al., 2021; Yu, 2021). With the rapid development of society and the economy, the relationship between human activities and the ecological environment has become increasingly close, thus causing great damage to the global ecosystem, and ecological and environmental problems are becoming increasingly serious (Imhoff et al., 2010). Especially in recent years, rapid urbanization has accelerated the degree of damage caused by human activities to the surface environment, leading to the growing prominence of urban ecological problems, which seriously threaten urban ecological security (Karimi Firozjaei et al., 2021). Therefore, scientific monitoring of the impact of regional ecological and environmental conditions and their spatial and temporal changes and studying their key driving factors to optimize the spatial pattern of the national territory have become important tools and hot research areas for protecting the ecological environment, which has important theoretical and practical significance for coordinating the relationship between human activities and the ecological environment, promoting harmony between humans and nature, and promoting sustainable social and economic development (Feng et al., 2021).
In recent years, the use of remote sensing technology to analyze and evaluate the ecological environment has become an important part of the ecological remote sensing field (Liu, 2021). Many scholars have used remote sensing techniques for urban (Hu and Xu, 2019; Tang et al., 2021; Huang C et al., 2021), forest (Xu et al., 2019; Xiong et al., 2020), mining (Zhu et al., 2020; Nie et al., 2021), basin (Liu et al., 2021; Seelen et al., 2021), and nature reserves (Jing et al., 2020; Ferrario et al., 2021; Su et al., 2022). A large number of studies and applications have been conducted on the evaluation of ecological environmental quality changes in these areas, and richer results and practical examples have been achieved. The ecological environment is composed of complex ecosystems, which are often influenced by a combination of multiple factors. A single ecological quality index can only represent the ecological characteristics of a certain aspect of an ecosystem, and it is difficult to accurately and comprehensively reflect its comprehensive characteristics. In comparison, the comprehensive evaluation method takes the shortcomings of the former into account, but there are disadvantages in the subjectivity and arbitrariness of index selection and weight assignment. The method also suffers various problems in which some of the indices are often unrepresentative, the scope of application is limited, and the evaluation results have difficulty realizing spatial visualization (Wang et al., 2019; He et al., 2021). Some scholars have proposed the use of principal component analysis (PCA) to construct a remote sensing ecological index (RSEI) using the evaluation indices of the normalized difference vegetation index, wetness, normalized difference soil index, and land surface temperature in the ecological environment. This method is convenient in data acquisition, fast in the evaluation process, and objective and reliable in evaluation results, and it has been widely used at various regional spatial scales (Hu and Xu, 2018; Ning et al., 2020).
Some scholars have monitored the changes in ecological environmental quality in 35 major cities in China by using the RSEI (Yue et al., 2019). Zhu et al. (2021) analyzed the relationship between ecosystem quality and ecosystem service systems in the Pingjiang watershed in the red soil hilly region in southern China using the RSEI and ecosystem service index. Ariken et al. (2020) evaluated the urbanization–ecological environmental coupling correlation in Yanqi Basin from 2000 to 2018 by utilizing the RSEI and gray system, and it was found that the urbanization–ecological environmental coupling relationship in Yanqi Basin showed a slow urbanization rate and a moderate imbalance between urbanization and the ecological environment. Qureshi et al. (2020) assessed and compared the spatial and temporal variability of RSEI values for the Gomesan wetlands. Xu et al. (2021) explored the coupling mechanism between urbanization and ecological quality in central and eastern China from 1992 to 2015 using a modified remote sensing ecological index (RSEI-2). Other scholars have used Dongting Lake Basin as an example to evaluate and analyze the spatial variation in ecological quality and its influencing factors from 2001 to 2019 using the RSEI (Yuan et al., 2021).
Existing research shows that vegetation index analysis based on the Google Earth Engine remote sensing cloud platform (Zhou et al., 2019a), land use cover (Liu et al., 2018), and other land use remote sensing information extraction and classification (Wang et al., 2018) has obvious characteristic advantages over traditional remote sensing analysis methods, especially in long-time series and large-scale remote sensing monitoring research. The GEE platform can greatly shorten image processing time and improve work efficiency with the help of cloud computing (Tamiminia et al., 2020). Gao et al. (2021) analyzed the temporal and spatial distribution trends of eco-environmental quality in Yellow River Basin through the calculation of the Landsat OLI/TM cloud layer by GEE and RSEI. Zhang et al. (2021) analyzed the eco-environmental quality of the middle reaches of Yangtze River Basin from 2000 to 2019 with the help of the GEE platform. However, in Jianghan Plain, the research on the application of the GEE platform has just started. Shao et al. (2019) used GEE to monitor the change in the hydrological and ecological environment in Wuhan in Jianghan Plain. There are few research reports on the evaluation of long-term eco-environmental status based on the GEE platform in Yangtze River Basin, especially in Jianghan Plain. There is a lack of research data support for the cognition of the temporal and spatial variations of eco-environmental quality, and the characteristics and mechanism of eco-environmental change in Jianghan Plain are not clear.
In view of the aforementioned problems, as the core area of the Yangtze River economic belt, Jianghan Plain undertakes the important mission of protecting and maintaining the national ecological security of the Yangtze River. As an important grain production base in Hubei and even the whole country, maintaining China’s food security has important ecological and economic value. But at the same time, the rapid change of land and space development patterns has also brought negative results, such as the continuous swallowing of fertile land around cities and towns, the low comprehensive benefits of land use, and the destruction of the ecological environment. A comprehensive evaluation of the spatial and temporal changes in ecological environmental quality and a timely and accurate grasp of the ecological environmental quality status and changing trends on Jianghan Plain can provide a scientific basis for ecological environmental protection and improvement of Jianghan Plain, optimization of the regional territorial spatial pattern, and construction of ecological civilization. Based on the aforementioned statements, the objectives of the research in this study are as follows: 1) to establish the ecological index system and construct the RSEI model using Landsat 5/TM and Landsat 8/OLI on the GEE platform, 2) to carry out an analysis of the spatial and temporal changes in ecological environmental quality on Jianghan Plain from 1990 to 2021, and 3) to explore the spatial differentiation characteristics of ecological environmental quality on Jianghan Plain.
MATERIALS AND METHODS
First, we selected Landsat 5/TM and Landsat 8/OLI remote sensing images for 1990, 1998, 2006, 2014, and 2021 and synthesized five 30-m resolution RSEI image maps on the GEE platform. Then, based on the five RSEI image maps from 1990 to 2021, the spatial and temporal changes in ecological environmental quality on Jianghan Plain were analyzed. Finally, the spatial data exploration (ESDA), the global spatial autocorrelation (Moran’s I), and local indicators of spatial association (LISA) were used to explore the spatial correlation of ecological environmental quality, and the technical roadmap is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Technology roadmap.
Study Site
Jianghan Plain is located in the middle reaches of the Yangtze River, the middle and lower reaches of the Han River, and the south-central part of Hubei Province and is an important part of middle Yangtze River Plain, one of the three major plains in China. It starts from the Yichang Zhijiang River in the west; ends in Wuhan, the largest city in central China; reaches Zhongxiang in the north; and is connected to Dongting Lake Plain in the south. It lies between latitudes 29°26′ and 31°37′ north and longitudes 111°14′ and 114°36′ east, with an area of more than 46,000 square kilometers. It has a subtropical monsoon climate with an annual average of approximately 2,000 h of sunshine and a total annual solar radiation value of approximately 460–480 kJ per square centimeter. The frost-free period is approximately 240–260 days, the duration above 10°C is approximately 230–240 days, and the active cumulative temperature is 5,100–5,300°C. The average annual precipitation is 1,100–1,300 mm, and the higher temperature of April–September precipitation accounts for approximately 70% of the total annual precipitation. Jianghan Plain mainly has eight counties and urban areas, including Jingzhou city, Jingzhou district, Shacheng district, Jiangling County, public security county, supervision city, Shishou city, Honghu city, and Songzi city; three provincial-level cities such as Xiantao, Qianjiang, and Tianmen, and radiates into some areas in the surrounding five prefectures of Wuhan, Xiaogan, Jingmen, Yichang, and Xiangyang and includes Caidian district, Hanchuan city, Yingcheng city, Shayang County, Jingshan city, Zhongxiang city, Zhijiang city, and Yicheng city. Figure 2 shows the location map of Jianghan Plain with data extracted from ASTER GDEM 30 m elevation (geospatial data cloud) and 2020 watershed information (land use).
[image: Figure 2]FIGURE 2 | Location of the study area.
Data and Preprocessing
Worldwide Reference System (WRS-2) paths in Rows 130 and 043 using satellite remote sensing images; three Landsat 5/TM layer images corresponding to 1990, 1998, and 2006; and two Landsat 8/OLI layer images for 2014 and 2021 were selected for the study area to synthesize the spatial and temporal distribution of the RSEI on Jianghan Plain from 1990 to 2021. The layer image months were concentrated from January to March, the image cloudiness was less than 5%, and the quality was good (Table 1).
TABLE 1 | Satellite remote sensing impact data of Jianghan Plain from 1990 to 2021.
[image: Table 1]The Google Earth Engine (GEE) platform was applied to collect and process Landsat 5/TM and Landsat 8/OLI imagery provided by the U.S. Geological Survey (USGS) and perform preprocessing, such as radiometric calibration, geometric correction, and atmospheric correction. Among them, the radiometric calibration was performed using the Landsat Surface Reflectance Code (LaSRC) proposed by Vermote for Landsat 5/TM and Landsat 8/OLI (Vermote et al., 2016), geometric correction using the quadratic polynomial and nearest image element method to control the root mean square error within 0.5 image elements (Chander et al., 2009), and atmospheric correction based on the LOWTRAN model for image correction and calculation of base pixel data such as clouds, water, and snow by CFMASK (Foga et al., 2017). In addition, the thermal infrared (TIR) band (Band 6) in Layer 1 in Landsat 5/TM Series 1 was initially acquired at a resolution of 120 m/pixel and resampled at 30 m using cubic convolution interpolation; two thermal infrared (TIR) bands (Band 10 and Band 11) in Layer 1 in Landsat 8/OLI Series 1 were initially acquired at a resolution of 100 m/pixel and resampled at 30 m using cubic convolution interpolation, pixel resolution, and 30 m resampling using cubic convolution interpolation (Xiong et al., 2021). In this study, the LST was calculated using the single-channel calculation rule (SC) (Gomis-Cebolla et al., 2018), and LANDSAT/LT05/C01/T1_SR and LANDSAT/LC08/C01/T1_SR were selected to calculate the NDVI, WET, NDSI, and LST. The surface temperature was calculated using the radiance of Landsat 5/TM Band 6, the radiance of Landsat 8/OLI Band 10, and the NCEP_RE/surface_wv data (Table 2).
TABLE 2 | Google Earth Engine (GEE)-related data platform selection.
[image: Table 2]METHODOLOGY
Calculation of the Remote Sensing Ecological Index Component
The ecological evaluation index was constructed using four factors reflecting the natural ecological environment: normalized difference vegetation index, wetness, normalized difference soil index, and land surface temperature (Boori et al., 2021). The four remote sensing bands corresponding to the normalized difference vegetation index, wetness, normalized difference soil index, and land surface temperature were combined into a new index image after normalization and then subjected to principal component analysis (PCA), with a PCA range of [0, 1]; after normalization of the four indices, PC1 was calculated using feature analysis (https://developers.google.com/earth). The initial ecological index ([image: image]) can be obtained by subtracting the calculated first principal component (PC1) from 1 and then the remote sensing ecological index ([image: image]) can be obtained by normalizing it. The remote sensing ecological index ([image: image]) was divided into 5 levels to represent 5 ecological conditions by the equal spacing grading method, corresponding to bad [0,0.2], fair [0.2,0.4], medium [0.4,0.6], good [0.6,0.8], and excellent [0.8,1] (Wu et al., 2020), to evaluate the ecological environmental status of Jianghan Plain.
[image: image]
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where NDVI, WET, NDSI, and LST refer to the normalized difference vegetation index, wetness, normalized difference soil index, and land surface temperature, respectively. RSEI0_max and RSEI0_min refer to the maximum and minimum values of the original ecological index, respectively.
Normalized Difference Vegetation Index
The NDVI, as the most widely used vegetation index, is closely related to plant biomass, leaf area index, and vegetation cover (Liaqat et al., 2017). Therefore, the NDVI was chosen to represent the normalized difference vegetation index:
[image: image]
where [image: image] and [image: image] represent the reflectance in the near-infrared and red wavelength bands, respectively.
Wetness
Moisture, greenness, and brightness components of remote sensing tassel cap transformation have been applied in a large number of ecological environmental quality evaluations, among which WET better reflects the moisture of soil and vegetation (Baig et al., 2014). The calculation model is as follows (Polevshchikova, 2019):
[image: image]
where [image: image] represent the reflectance of blue, green, red, near-infrared, shortwave infrared 1, and shortwave infrared 2 wavelengths, respectively, and c1–c6 are the sensor parameters.
Normalized Difference Soil Index
The NDSI consists of the building index (BI) and the bare soil index (SI), which is expressed as the average of the two (Xu, 2008):
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where [image: image] represents the reflectance of blue light, green light, red light, near-infrared, and shortwave infrared 1 bands.
Land Surface Temperature
Surface temperature is closely related to the growth and distribution of vegetation and the evaporation cycle of surface water resources and is one of the important parameters reflecting the surface environment; therefore, LST is represented by surface temperature, and the index model is given as follows (Neteler, 2010):
[image: image]
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where LST is the surface temperature, [image: image] is the temperature at the sensor, λ is the central wavelength of the thermal infrared band, ρ = 1.438 × 10–2 m·K, ɛ is the surface specific emissivity, K1 and K2 are the calibration parameters, and Ltir is the radiation value of the thermal infrared band at the sensor.
Spatial Autocorrelation Analysis
Spatial correlation analysis of ecological environmental quality can be used to describe the spatially homogeneous distribution of ecological environmental quality in the study area (Degefu et al., 2021). In this study, we used global spatial autocorrelation (global Moran’s I) and local indicator spatial association (local Moran’s I) to analyze the spatial correlation of the RSEI.
The global Moran’s I (Moran’s I) index reflects the correlation of attribute values of adjacent spatial units. The closer the absolute value of Moran’s I is to 1, the stronger the spatial autocorrelation. The formula is as follows:
[image: image]
where m is the total number of indicators, Di represents the ecological environmental quality value of location i, [image: image] is the average value of ecological environmental quality of all indicators in the study area, [image: image] is the spatial weight, and Moran’s I ranges from [-1,1]. When Moran’s I is greater than 0, data present a positive spatial correlation, and the larger the value is, the more obvious the spatial correlation will be; when Moran’s I is less than 0, the data show a negative spatial correlation, and the smaller the value is, the greater the spatial difference will be; and when Moran’s I is 0, there is no spatial autocorrelation (Shi et al., 2019).
Local Moran’s I (LISA) index can effectively reflect the correlation between the ecological environmental quality of each grid cell in the territory (Bi et al., 2021). There are five types of local spatial aggregation in the LISA clustering diagram, namely, high–high (H-H), low–low (L-L), low–high (L-H), and high–low (H-L), without significant differences. In this study, H-H indicates a high-ecological quality value of the selected region and spatially adjacent regions, L-L indicates a low-ecological quality value of the selected region and spatially adjacent regions, L-H indicates a low-ecological quality value of the selected region but a high-ecological quality value of the adjacent regions, and H-L indicates a high-ecological quality value of the selected region but a low-ecological quality value of the adjacent regions. If global spatial autocorrelation does not exist, the location of local spatial autocorrelation that may be masked can be found. When global spatial autocorrelation exists, the presence of spatial heterogeneity can be analyzed (Zhou et al., 2019b). The calculation formula is as follows:
[image: image]
RESULTS
Comprehensive Evaluation of Ecological Environmental Quality on Jianghan Plain
As shown in Table 3, the first principal component (PC1) eigenvalues were above 60% in all five images from 1990 to 2021, with PC1 at 62.28% in 1990, 67.09% in 1998, 67.15% in 2006, 63.42% in 2014, and the highest at 71.65% in 2021, indicating that PC1 concentrated the four ecological indices of the main percentage characteristics. From PC2 to PC4, the magnitudes of the characteristic values were reflected in different positive and negative ways. In PC1, the eigenvalues of NDVI and WET were positive, and those of NDSI and LST were negative, which was consistent with the actual situation (xiong et al., 2021).
TABLE 3 | Principal component analysis results of the RSEI from 1990 to 2021.
[image: Table 3]Figure 3 represents the distribution characteristics of the five RSEI values on Jianghan Plain from 1990 to 2021. The mean values of the RSEI corresponding to the five equally spaced years during 1990–2021 were 0.667, 0.636, 0.599, 0.621, and 0.648, respectively, with some RSEI levels between good levels (0.6 and 0.8), except for the lower quartile in 2006, when the RSEI values in the lower quartile were less than 0.4, while the RSEI values in the upper quartile were all greater than 0.8. The RSEI values in the lower quartile were less than 0.4 in 2006, while the RSEI values in the upper quartile were all greater than 0.8. Overall, the ecological and environmental quality of Jianghan Plain showed a decreasing trend from 1990 to 2006 and an increasing trend from 2006 to 2021, when the ecological and environmental quality improved.
[image: Figure 3]FIGURE 3 | RSEI data box diagram of Jianghan Plain from 1990 to 2021.
Figure 4 shows the spatial and temporal variations in the ecological quality of Jianghan Plain (the watershed part was excluded). Red, dark green, brown, light green, and yellow represent “bad,” “fair,” “moderate,” “good,” and “excellent” ecological grades, respectively. The overall ecological quality was good from 1990 to 2021. The areas with poor and moderate ecological levels were mainly distributed in Jingzhou district, Xiantao city, and Hanchuan city, which are subject to the economic radiation effect of the Wuhan city circle, in which urbanization, construction area growth, and human activities are frequent, which in turn leads to the decline of ecological environmental quality in the region. The good and excellent ecological levels were mainly distributed in the southwestern part of Songzi city, the southern part of Jili County, and the southeastern part of Honghu city, mainly due to the high regional forest coverage and low urbanization.
[image: Figure 4]FIGURE 4 | Spatial distribution of ecological environmental quality on Jianghan Plain from 1990 to 2021.
Combined with the temporal and spatial variation characteristics of eco-environmental quality in Jianghan Plain, further evidence research is carried out. Overall, 3,364 sample points are collected from the grid image, which is displayed in arcgis10.0; the eco-environmental quality index is divided into five categories by using the natural clustering zoning method. After taking the average value, they are “bad eco-environmental quality,” “fair eco-environmental quality,” “moderate eco-environmental quality,” “good eco-environmental quality,” and “excellent eco-environmental quality.” The spatial distribution of eco-environmental quality shows that from 1990 to 2021, the grid of good and good eco-environmental quality in Jianghan Plain is mainly distributed in the north and west of the town, and the grid of poor and poor eco-environmental quality is mainly distributed in the surrounding areas of Honghu city in the east. Among them, the overall eco-environmental quality deviation in the east in 2006 is consistent with Figure 4. Therefore, the temporal change of eco-environmental quality reflects the ecological model of Jianghan plain to a certain extent in Figure 5. Jianghan Plain is located in the economic core of the Yangtze River. In recent 30 years, the economic scale, urbanization, and industrialization level of the region have been continuously improved. By 2021, the GDP output value of Jianghan Plain will be 1771.676 billion yuan. The rapid development of the economy and society will inevitably bring corresponding changes to the ecological environment. Especially in recent years, the rapid economic growth the large-scale city construction, and the intensity of development of human activities will inevitably destroy its ecological environment quality.
[image: Figure 5]FIGURE 5 | Regional distribution characteristics of eco-environmental quality in Jianghan Plain from 1990 to 2021.
The area and proportion of each ecological class (bad, fair, moderate, good, and excellent) were calculated based on the five RSEI maps corresponding to 1990, 1998, 2006, 2014, and 2021. Figure 6 shows the proportional changes in each ecological level, with the total proportion of “bad,” “fair,” and “moderate” RSEI gradually increasing from 1990 to 2006 and the total proportion of “good” and “excellent” RSEI gradually decreasing from 2006 to 2021. The overall ecological quality of Jianghan Plain showed a decreasing trend from 1990 to 2006 and an increasing trend from 2006 to 2021. The area and proportion of each RSEI level are shown in Table 4, and we calculated the total proportion of “bad,” “fair,” and “moderate” (PFM%) and “good” and “moderate,” respectively. The PFM% and GE% for 1990, 1998, 2006, 2014, and 2021 were 3.04%/96.96%, 7.1%/92.9%, 16.37%/83.63%, 6.54%/93.46%, and 10.94%/89.06%, respectively, with the highest PFM% and lowest GE% in 2006 compared with the other periods. Related literature shows that the strongest surface rainstorm occurred on the central Jianghan Plain during the night of 24 May 2006, causing soil, water disasters, and ecological imbalances, which in turn affected the quality of the ecosystem in that year (Zhang and Zhang, 2008). Except for 2006, PFM% increased and then decreased, and GE% decreased and then increased in the other periods.
[image: Figure 6]FIGURE 6 | Area distribution of ecological environmental quality levels on Jianghan Plain from 1990 to 2021.
TABLE 4 | Area and percentage changes of each RSEI level in different years.
[image: Table 4]Temporal Variation of Eco-Environmental Quality in Jianghan Plain
Based on the results of the RSEI level grading in 1990, 1998, 2006, 2014, and 2021, the differences in RSEI performance and spatial and temporal area changes in ecological environmental quality on Jianghan Plain are shown in Table 5. The differences in changes were calculated for four periods (1990–1998, 1998–2006, 2006–2014, and 2014–2021). The results were classified into five classes: improvement obvious (IO), improvement slight (IS), invariability (IN), deterioration slight (DS), and deterioration obvious (DO). The results show that the ecological environmental quality was stable in most areas of Jianghan Plain, with the largest proportion of IN levels in each period being 51.38, 71.59, 67.14, and 64.38%, respectively. The proportion of IO and DO change levels was less than 1%, indicating that there was no significant change in ecological environmental quality from 1990 to 2021. The proportions of IS in the four periods were 3.59, 6.60, 26.64, and 16.70%, with the largest percentage in 2006–2014, and 44.86, 21.48, 6.21, and 18.75% in the four periods for DS, respectively, with a decreasing trend in 1990–2014, followed by an increasing trend in 2014–2021. The main reason for this was that the increase in urbanization and the expansion of urban areas led to the deterioration, followed by an improvement in ecological environmental quality on Jianghan Plain.
TABLE 5 | Change detection of the RSEI level from 1990 to 2021.
[image: Table 5]Heterogeneity Analysis of Eco-Environmental Quality in Jianghan Plain
The size of global spatial autocorrelation indicates the spatial convergence of eco-environmental quality in Jianghan Plain. Figure 7 is Moran’s I scatter diagram of eco-environmental quality in Jianghan Plain. The horizontal axis represents the eco-environmental quality index, and the vertical axis represents the spatial matrix weight of eco-environmental quality. Both of them have been standardized, and the slash represents the linear correlation between them. The slope of the slash (Moran’s I) indicates the global autocorrelation of the eco-environmental quality. As can be seen from Figure 7, Moran’s I indexes from 1990 to 2021 are 0.531, 0.529, 0.525, 0.540, and 0.545, respectively, indicating that the spatial distribution of the eco-environmental quality in Jianghan Plain is positively correlated, that is, the eco-environmental quality in Jianghan Plain does not show complete randomness in space. However, it shows strong spatial aggregation, and its spatial connection characteristics are the sampling grid with high ecological environment quality tends to be adjacent to the sampling grid with high ecological environment quality, and the sampling grid with low ecological environment quality tends to be adjacent to the sampling grid with low ecological environment quality. The calculation shows that Moran’s I showed a gradual downward trend from 1990 to 2006. Then it showed an upward trend from 2006 to 2021, of which Jianghan Plain had the strongest positive correlation in 2021. The changing trend of local clustering is consistent with the changing trend of the eco-environmental quality level in Figure 6.
[image: Figure 7]FIGURE 7 | Moran’s I of the RSEI on the Jianghan Plain from 1990 to 2021.
Local autocorrelation statistical variables can identify different spatial correlation patterns (or aggregation patterns) that may exist in different spatial locations, so as to observe the local instability of space and find the spatial heterogeneity between data. The local spatial autocorrelation is represented by Moran's I scatter diagram. In Figure 7, the first and third quadrants of Moran's I scatter diagram from 1990 to 2021 represent positive spatial correlation, and the second and fourth quadrants represent negative spatial correlation. Among them, the first quadrant represents the coverage of high-high units of ecological environment quality (H-H), the second quadrant represents that low-high units of ecological environment quality are covered by low-high units of ecological environment quality (L-H), the third quadrant represents that low-low units are covered by low-low units (L-L), and the fourth quadrant represents that high-low units are covered by high-low units (H-L). This paper uses geoda9 5 analyze the local spatial autocorrelation Lisa value of ecological environment quality of 3364 sampling grids in Jianghan Plain, as shown in Figure 8.
[image: Figure 8]FIGURE 8 | LISA of the RSEI on the Jianghan Plain from 1990 to 2021.
The LISA map of eco-environmental quality index of Jianghan Plain from 1999 to 2021 shows that it is not significant, and it is mainly distributed in some counties and districts of Jianghan Plain, such as Gongan County. H-H cluster areas are mainly distributed in the north and northwest. From 1990 to 2021, the grid cluster of the H-H cluster area with Jiangling County as the central area increased significantly, the cluster centers increased, and the ecological environment was better. The agglomeration area of L-L is mainly distributed around Honghu city in the east of Jianghan Plain. The reason is that this area is close to the metropolis Wuhan, with a dense population and frequent human activities, but the overall agglomeration characteristics have little change. After 1998, L-L cluster areas continued to increase, mainly due to the deterioration of ecological environmental quality caused by the accelerated development of urbanization. The analysis shows that the H-H of the urban edge is high, and the L-L of the urban edge is low. The spatial agglomeration characteristics of the eco-environmental quality of Jianghan Plain are affected by the landform and socioeconomic development to a certain extent. These reflect the characteristics of natural and socioeconomic development of Jianghan Plain to a certain extent. The agglomeration characteristics of LISA of eco-environmental quality in this study are consistent with the actual situation of Jianghan Plain.
DISCUSSION
Based on the RSEI model, the eco-environmental quality of Jianghan Plain from 1990 to 2021 is evaluated and monitored, which largely avoids the influence of human factors, comprehensively and objectively reflects the spatial distribution pattern and evolution trend of eco-environmental quality in Jianghan Plain in the past 31 years and reveals the eco-environmental quality and changes of cities and counties under the original jurisdiction of Jianghan Plain. It verifies the effect of ecological construction in Jianghan Plain and provides a scientific basis for ecological environmental protection and sustainable development in the next stage of Jianghan Plain. From the evaluation of the eco-environmental quality of Jianghan Plain, the overall eco-environmental quality of Jianghan Plain has been significantly improved in the past 31 years, which is consistent with the research conclusion of Su et al. (2021) and Jie et al. (2010) on the ecological comprehensive index of Jianghan Plain. From the evaluation of the eco-environmental quality of each district, city, and county in Jianghan Plain, the improvement of eco-environmental quality of each district, city, and county benefits from the relevant systems and regulations of “eco-environmental protection of the Yangtze River Economic Belt.” Ecological priority and green development. Respect the laws of nature, adhere to the sustainable development concept of “green water and green mountains are golden mountains and silver mountains,” and strengthen the management of urban land resource development and comprehensive monitoring of soil and water loss. We should pay attention to the management and restoration of mountains, water, forests, fields, lakes, grass, and sand, which is helpful to improve the quality of the ecological environment and is very important to further promote the good relationship between man and nature (Huang W et al., 2021; Zhao et al., 2021).
The novelty of this study is the setting of time thresholds for remote sensing images of Jianghan Plain for each year over 31 years to screen the annual cloud-free or lowest cloud images by using cloud removal and image median equalization to improve the original image quality and make the annual RSEI calculation more realistic and objective. In addition, the spatial autocorrelation of ecological environmental quality on Jianghan Plain was analyzed. Although our method demonstrated its effectiveness in the evaluation of spatial and temporal changes in ecological environmental quality, its limitations will be further overcome in future studies. For example, it is still debatable whether the four ecological environmental indicators of the remote sensing ecological index can represent the regional ecological quality comprehensively, and the addition of other indicators about the ecological environment can be considered for optimization in future studies, which is consistent with the direction of improvement of the RSEI in the future. Second, the relationship between ecological environmental quality and land use change needs to be further analyzed, considering the various impacts of land use change on the ecological environment and the trade-off between development strategies and environmental protection in the Yangtze River Economic Belt.
CONCLUSION
Based on the GEE platform and Landsat 5/TM and Landsat 8/OLI remote sensing data, the spatial and temporal dynamics of ecological and environmental quality on Jianghan Plain for the past 31 years were analyzed by using the RSEI, and the spatial differentiation characteristics of ecological and environmental quality on Jianghan Plain were explored. The results showed that the mean RSEI values in 1990, 1998, 2006, 2014, and 2021 were 0.667, 0.636, 0.599, 0.621, and 0.648, respectively. The overall ecological environmental quality was at a good level, with the largest invariance percentages in each time period being 51.38, 71.59, 67.14, and 64.38%, respectively, and the degradation was most serious in 1990–1998, accounting for 44.86% of the total area, and it improved the most in 2006–2014, accounting for 26.64% of the total area. Moran’s I values of ecological environmental quality in 1990, 1998, 2006, 2014, and 2021 were 0.531, 0.529, 0.525, 0.540, 0.545, and 0.545, respectively. It shows that the spatial distribution of ecological environment quality in the study area is positively correlated, with the H-H clusters on Jianghan Plain mainly distributed in the northern and western regions and the L-L clusters mainly distributed in the densely populated eastern regions with frequent human activities. In this study, we used Landsat images to construct the RSEI on the GEE platform, and the research method could assess the spatial and temporal changes in ecological and environmental quality on Jianghan Plain. In the future, combining this method, we can further explore the relationship between human activities and ecosystems more comprehensively and deeply from land use change and population and economic development perspectives.
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