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The integrity and health of the ecosystem is the material basis for the common prosperity of different minority areas. Since the acceleration of social and economic growth in the 21st century, excessive social development has caused ecological imbalance, climate change and environmental pollution and other problems. The irrational use of natural resources gradually affects the balance between man and nature. In this paper, the characteristics of ecosystem health and four sub-systems of environment, economy, society and management in the Three Gorges Reservoir area are selected to study. The purpose of this paper is to construct an ecosystem health evaluation index system to describe the characteristics of the ecosystem in the Three Gorges Reservoir area. Firstly, a multi-criteria evaluation model was established based on catastrophe theory to evaluate the health of the ecosystem in the Three Gorges Reservoir area. Secondly, the Catastrophe progression method (CPM) was used to describe the overall change trend of the ecosystem in the Three Gorges Reservoir area from 2000 to 2016. The study shows that since 2000, with the development of economy and society and the further strengthening of environmental management, the health of the ecosystem in the Three Gorges Reservoir area has been improved year by year. At the same time, in order to further explore the factors affecting the ecosystem health of the reservoir, the climate factors were added to the control variables, and the model regression analysis was established through panel data. The final conclusion was that the average temperature, rainfall and sunshine time had significant effects on the ecosystem of the reservoir.
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1 INTRODUCTION
The goal of healthy development is the current and future development concept of the Chinese government, which reflects China’s new development concept (including innovative development, coordinated development, green development, open development and shared development) (Zhang, et al., 2022). In the concept of green development, ecosystem health should be one of the important goals. Ecosystems provide human beings with resources for survival and development, and play a key role in human survival and sustainability (Li W et al., 2021). In recent years, with the acceleration of industrialization and urbanization, ecosystems have degraded (Gui et al., 2015; Francis et al., 2022). This has led to the continued “alarm” of ecosystem health. Specifically, ecosystem degradation leads to the destruction of the original ecosystem balance and the change of structure and function, while the loss and degradation of ecosystem balance will lead to low productivity, loss of biodiversity and reduced resilience (Lal, 1997; Fan et al., 2010).
Human activities interact with ecological health: Human influences disrupt the structure and function of natural ecosystems, while further reducing the ability of the environment to sustain economic activity and human health (Rapport et al., 1995; Li et al., 2007). Therefore, how to effectively process and allocate ecosystem resources, ensure ecosystem integrity, and the level and evolution of ecosystem health should be quantitatively studied based on this background and problem when meeting the increase in population density and related needs for infrastructure (Xiao and Ou, 2002; Chen and Shen, 2020).
Regional ecosystem health can ensure the sustainable provision of diverse ecosystem services and the integrity of ecosystem structure and function under the disturbance of human activities, which is considered to be the most direct reflection of the quality of regional ecosystems (Costanza, 1992; Kang et al. .2016; Li W et al., 2021). Previous studies on ecosystem health assessment have focused on diverse ecosystems such as water (Xu et al., 2001; Yan et al., 2016), forests (Styers et al., 2010; Ishtiaque et al., 2016)), wetlands (Sun et al., 2016; Chi et al., 2018), agricultural ecosystems (Vadrevu et al., 2008; Su et al., 2011), etc. Also covers ecosystems at different scales: countries (Niekerk et al., 1997), urban agglomerations (Kang et al., 2016), and cities (Vadrevu et al., 2008; Su et al., 2011).
From the perspective of the evaluation index system, due to the lack of a unified concept of ecosystem health, the evaluation process currently lacks a common index system framework (Frashure et al., 2012). Therefore, it is a more appropriate method to use multiple indicators such as ecosystem process, structure, composition and resilience to evaluate the ecosystem as a whole (Davies et al., 2010). The existing ecosystem health evaluation index system is mainly divided into three categories. The first category is the Viability-Organization-Resilience (VOR) framework. Vitality reflects the metabolism of an ecosystem, organization implies interactions between ecosystems, and resilience indicates the ability to maintain ecosystem structure and function under external pressure (Li et al., 2016; Li et al., 2017). Well characterized by healthy ecosystems (Costanza, 1992), the framework has been widely adopted since its inception (Niekerk et al., 1997; Bunn et al., 2010; Styers et al., 2010). The VOR framework emphasizes the natural properties of ecosystem health, but ignores human factors (Rapport, 1989; Peng J. et al., 2007). The second category is the Per-State Response (PSR) indexing system. The PSR was jointly proposed by the OECD and UNWP in the 1990s, reflecting the impact of human activities on the ecological environment (Wolfslehner and Vacik, 2008). PSR values not only the natural qualities of ecosystem health, but also the integration between natural qualities and human attributes (Yu et al., 2013). In addition to the two classic frameworks, the third category is an indicator system that incorporates resource, environmental, social, and economic factors (Meng et al., 2018). This indicator system only focuses on the key elements of the ecosystem, such as economy, society and environment, but ignores the regulating effect of humans on the environment (Wei et al., 2008). Therefore, this paper adds the environmental management subsystem, and forms a new index system from the perspective of the composite ecosystem: Environmental-Economic-Society-Environmental Management (E-E-S-E).
Therefore, the main objective of this study is to, using the Three Gorges Reservoir area as an example, assess the ecosystem health of the study area from 2000 to 2016 in a novel framework of county-level environmental, economic, social and environmental management, and characterize the study area’s environmental, economic, social and environmental management. Spatiotemporal variation utilizes catastrophe models. It is of great significance to understand the health of regional ecosystems, identify ecological and environmental problems, and improve regional sustainable development and environmental management. Based on the existing research background and research status, a multi-criteria evaluation of the ecology of the Three Gorges Reservoir area is carried out creatively using the catastrophe theory. Based on the comprehensive evaluation scores and subordinate grades, the ecological health status of each region in the Three Gorges Reservoir area was evaluated and analyzed, and the climatic factors affecting ecological health were explored. On this basis, an empirical analysis is carried out to establish a model for the influencing factors. According to the regression results, it provides support for the research and conclusions of the thesis from a quantitative point of view. On the basis of evaluating ecological health, further explore its influencing factors to make the research more complete.
For the health assessment of the county ecosystem in the Three Gorges Reservoir Area, the data used in this paper are from the Three Gorges Reservoir Area Economic and Social Development Characteristics Database of the Yangtze River Economic Research Center of Chongqing Industrial and Commercial University. For the analysis of influencing factors of ecosystem health in the Three Gorges Reservoir Area, the indicators used in this paper are average temperature, rainfall and sunshine hours, which are all from the daily data set of China’s surface climate data, the national meteorological science data sharing service platform.
2 ANALYSIS OF THE PRESENT SITUATION OF THE THREE GORGES RESERVOIR AREA
The Three Gorges Reservoir Area (TGRA) is located in the upper reaches of the Yangtze River (105 49′∼110 12′E, 28 28′∼31 44′N), in central and western China (Figure 1). The Three Gorges Reservoir Area covers an area of about 58,000 square kilometers (Zhang et al., 2022), starting from Yichang, Hubei in the east, and Chongqing in the west. It belongs administratively to the provinces of Chongqing and Hubei and includes 26 counties: 22 counties in Chongqing and 4 counties in Hubei. The region is dominated by a subtropical monsoon climate, with an average annual precipitation of 1000–1200 mm, but 85% of the annual rainfall occurs in summer (6–9 months per year). The average temperature in the region is 17°C–20°C, which is characterized by dramatic weather changes in spring, hot and humid summer, dry autumn, and dry and cold winter (Teng et al., 2014), with an average temperature of 17°C–20°C. The forest coverage rate is 49.08%, mainly distributed in coniferous and broad-leaved forests, commercial fruit trees and crops. Among the total population, 60% are engaged in agricultural work, and agricultural income only accounts for 19.8% of the total income (Peng et al., 2015).
[image: Figure 1]FIGURE 1 | Location of the Three Gorges Reservoir area.
The Three Gorges Reservoir area is an important ecological barrier in the upper reaches of the Yangtze River, but the health of the ecosystem has always plagued people and attracted great attention. With population growth and socio-economic development, human pressure on the region’s ecosystems has intensified, leading to ecosystem degradation. For example, human activities such as urbanization have led to dramatic changes in land use and land cover in the Three Gorges Reservoir area (Teng et al., 2014). On this basis, soil erosion, non-point source pollution and biodiversity degradation have become the most important ecological risks in the reservoir area (Teng et al., 2019). In the 1990s, soil erosion in the Three Gorges Reservoir area was extremely serious (Du et al., 1994). As of 1997, the soil erosion area in the Three Gorges Reservoir area accounted for 82.9% of the entire Yangtze River Basin (Changjiang Water Resource Commission, 1997). In addition, soil erosion, partly caused by the transition from forest to agriculture, has negatively affected agricultural land in the Three Gorges Reservoir area, including water quality decline and eutrophication (Tian et al., 2010). In addition, non-point source pollution plays a dominant role in the pollutants in the agricultural watershed of the Three Gorges Reservoir area (Wang et al., 2006; Liang et al., 2007). At the same time, earthquakes, landslides and debris flows occur frequently, threatening the health of the ecosystem in the Three Gorges Reservoir area (Guo et al., 2007). To alleviate these environmental problems, this paper evaluates the ecosystem health in the TGRA area, which provides a scientific basis for the effective management of the ecosystem in the Three Gorges Reservoir area.
The topography of the Three Gorges Reservoir area is complex and diverse. Mountainous areas account for 74% of the total area, hilly areas account for 22%, and plains and dams account for only 4% (Cao et al., 2013). Different regions of the Three Gorges Reservoir region have different resource endowments, so there are great differences in the level of economic and social development. According to the differences in topography, economic and social development level and resource endowment, the Three Gorges Reservoir is divided into three parts: head, abdomen and tail. The source of the reservoir includes Badong County, Xingshan County, Zigui County, and Yiling District. The abdomen includes Wushan County, Wuxi County, Fengjie County, Wanzhou District, Kaizhou District, Yunyang County, Zhong County, Shizhu County, Fengdu County, Fuling District, and Wulong District. The Wei District consists of Yuzhong District, Dadukou District, Jiangbei District, Shapingba District, Jiulongpo District, Nan’an District, Beibei District, Yubei District, Banan District, Jinjiang District, and Changshou District.
3 THEORETICAL METHOD
3.1 Catastrophe theory and index selection
3.1.1 Catastrophe theory
Catastrophe theory deals with discontinuous processes and provides a way to model them. Its essence is the transformation of the system from one stable structure to another, the breakthrough of the limit of old things, and the starting point of the development of new things. Catastrophe theory is a mathematical discipline aimed at the rational study of mutations in a given system (Wang et al., 2011). The theory only considers the relative importance of indicators and avoids the direct use of the hard-to-determine concept of “weight” (Li et al., 2017).
3.1.2 Index setting
In recent decades, ecological damage and environmental pollution caused by economic and social development have attracted much attention (Yang et al., 2022). Therefore, economic and social development is an important aspect related to ecosystem health. Traditionally, ecosystem health assessment generally includes three aspects: environmental status, economic development and social development. However, the limitation of this framework is that human regulation of the ecological environment is not reflected in the framework (Wei et al., 2008). The ecosystem health assessment in the Three Gorges Reservoir area is mainly conducted from four aspects: environmental status, economic development, social development and environmental management (Figure 2). This paper collates the indicators through literature collection (Table 1).
[image: Figure 2]FIGURE 2 | The comprehensive evaluation index system of ecosystem health in the Three Gorges Reservoir area.
TABLE 1 | Reference list of indicators.
[image: Table 1]Fertilizer application amount and pesticide application amount together measure the degree of agricultural pollution and reflect the quality of agricultural environment in different periods (Meng et al., 2018). Excessive use of agricultural materials such as chemical fertilizers and pesticides has led to large-scale agricultural non-point source pollution (Ma et al., 2022). Therefore, when establishing environmental subsystem indicators, the use of chemical fertilizers and pesticides should be taken into account as indicators affecting environmental pollution. Industrial wastewater discharge and industrial discharge are characteristics of industrial pollution and have been proved to be effective in comparing industrial pollution in cities of different sizes over the same period (Cong, 2018). Since the ecological environment area near the Three Gorges Reservoir area is wide and the residential density is low, there are many factors related to the impact on the ecological environment. However, it is difficult to collect data. Therefore, this paper divides the environmental factors into industrial influence and life influence, and selects the application of chemical fertilizer and pesticide as life influence factors. Industrial wastewater discharge and industrial waste gas discharge are selected as industrial influencing factors, and four indicators are quantified to reflect environmental quality and sustainability as the main factors of environmental status.
As for the indicators of influencing factors of economic factors, this paper selects 10 indicators, including per capita GDP, per capita fixed asset investment, per capita fiscal revenue, and GDP growth rate, to evaluate the impact of economic development on economic development, among which the selection of indicators covers economic scale, economic structure, economic security, economic benefits, etc. The influencing factors of economic size are determined by per capita GDP, per capita fixed asset investment, per capita fiscal revenue and GDP growth rate. Secondly, the economic structure is elaborated by the proportion of primary industry in GDP and the proportion of tertiary industry in GDP respectively. In view of the factors of economic security, this paper uses per capita public budget income, per capita public budget expenditure and per capita savings of urban and rural residents to elaborate. Finally, the economic benefit factor is expounded by the comprehensive index of industrial economic benefit.
Third, eleven social factors are designed to describe the impact of social development on the environment, including per capita disposable income of urban residents, per capita disposable income of rural residents, education expenditure, comparison of middle school students and teachers, radio coverage, television coverage, The number of health institutions per 10,000 people, the number of health technicians per 10,000 people, the number of sanitary beds per 10,000 people, social security and employment expenditures, and the number of urban minimum living security population.
Finally, the environmental management indicators include the compliance rate of industrial wastewater discharge, the comprehensive utilization of industrial solid waste, the total investment in environmental pollution control, the number of nature reserves, and the proportion of nature reserves to land area.
The ecosystem health assessment in TGRA was carried out through index summary and mutation model, as shown in Figure 3. Catastrophe model for ecosystem health assessment in the TGRA is shown in Figure 3. Ecosystem health assessment indices and transformed standards are respectively given in Figure 2 and Table2. By using the model mentioned above, as well as statistical data between 2000 and 2016, we estimated ecosystem health states.
[image: Figure 3]FIGURE 3 | Catastrophe model for ecosystem health assessment in study areas of the TGRA.
TABLE 2 | Summary of catastrophe models.
[image: Table 2]According to the evaluation index data, the catastrophe models used for each index are as follows.1) D1, D2 and C1 make up a butterfly model, and D1, D2 are non-complementary; 2) D3, D4 and C2 make up a butterfly model, and D3, D4 are non-complementary; 3) D5, D6, D7, D8 and C3 make up a butterfly model, and D5, D6, D7, D8 are non-complementary; 4) D9, D10 and C4 make up a cusp model, and D9, D10 are non-complementary; 5) D11, D12, D13 and C5 make up a swallowtail model, and D11, D12, D13 are non-complementary; 6) D14 and C6 make up a fold model; 7) D15, D16 and C7 make up a cusp model, and D15, D16 are complementary; 8) D17, D18, D19, D20 and C8 make up a cusp model, and D17, D18, D19, D20 are non-complementary; 9) D21, D22, D23 and C9 make up a swallowtail model, and D21, D22, D23 are non-complementary; 10) D24, D25 and C10 make up a cusp model; 11) D26, D27, D28 and C11 make up a swallowtail model; 12) D29, D30 and C12 make up a cusp model.
3.2 Multi-criteria evaluation method based on catastrophe theory
3.2.1 Multi-standard evaluation method
The multi-criteria evaluation method includes the following steps. First, according to the internal mechanism of the system being evaluated, the system is divided into multiple subsystems, and different evaluation indicators are used. The underlying initial data is then normalized by catastrophe theory and fuzzy mathematics to obtain the best or cleanest data. To achieve this, the multidimensional variant fuzzy membership function assigns values from 0 to 1 to address the incompatibility of various initial data due to different data spans and dimensions. Then the total mutation fuzzy membership function of the system is determined based on the normalized data.
When normalizing the underlying initial data, the cleanest data should be set to 1, and then the remaining data should be transformed into a mutated fuzzy membership function with values ranging from 0 to 1.
3.2.2 Catastrophe theory and multi-criteria evaluation
After decomposing the impact on the superior indicators, the evaluation indicators at different levels are prioritized. Specifically, there are four types of mutation fuzzy membership functions with different number of indicators: folding mutation, with evaluation index (u1); cusp mutation with two evaluation indicators (u1 and u2); swallowtail mutation with three evaluation indicators (u1, u2 and u3); butterfly mutation has four evaluation indicators (u1, u2, u3, and u4).
When using the normalized data formula, all mutation fuzzy membership function indexes in the subsystem are processed according to the following formula (Table 2), and the x value is calculated. When performing recursive calculations, after determining whether the indicators are complementary or interchangeable in a subsystem, choose the principle of minimum value or the principle of average value (complementarity refers to the impact of different indicators on u).
3.2.3 Correlation score calculation
The comprehensive evaluation value calculated by the normalized formula tends to be higher, but the difference is small. Therefore, it is not easy to use the results of mutation assessment to determine the actual level of ecosystem health. The equal distribution function is usually used to divide the comprehensive value of multi-attribute evaluation into five levels (Xiong et al., 2007). Thus, the ecosystem health level can be divided into five levels:0.2 (very unhealthy), 0.4 (unhealthy), 0.6 (medium), 0.8 (healthy), and 1.0 (very healthy). The score conversion method adopted in this paper is as follows: Assuming that the relative membership degree of all indicators is n, then the relative membership degree of higher level indicators should also be n. Therefore, comprehensive membership can be obtained by appropriate mutation model. Through the simulation calculation of this method, the mutation grade values of each safety grade can be calculated (Table 3).
TABLE 3 | Corresponding values between assessment results of catastrophe model and ordinary-use values at different risk levels.
[image: Table 3]Owing to space limitations, this is provided to show this method in terms of an example using the 2010 data of the study area (Table 4).
(1) Calculating membership degree for items variables (C) with corresponding indices (D) as control variables
TABLE 4 | Statistical data of 2010 used in land ecosystem health assessment for TGRA.
[image: Table 4]Cusp model for C1
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Cusp model for C2
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Butterfly model for C3
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Cusp model for C4
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Swallowtail model for C5
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Fold model for C6
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Cusp model for C7
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Butterfly model for C8
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Swallowtail model for C9
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Cusp model for C10
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Swallowtail model for C11
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Cusp model for C12
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(2) Calculating membership degree for element variables (B) with corresponding items (C) as control variables
Cusp model for B1
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Butterfly model for B2
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Butterfly model for B3
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Cusp model for B4
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(3) Relating results with Table 3, the synthetic is graded as “middle”.
Butterfly model for A
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4 AN ANALYSIS OF THE ECOSYSTEM HEALTH IN THE THREE GORGES RESERVOIR AREA
4.1 Relative membership of ecosystem health in the Three Gorges Reservoir area
From 2000 to 2016, it can be seen that the relative membership degrees of ecosystem health in the Three Gorges Reservoir area from 2000 to 2016 are as follows (Figure 4).
(1) The trend of ecosystem health in the Three Gorges Reservoir area reached an inflection point in 2009. The comprehensive evaluation value of the ecosystem health of the Three Gorges Reservoir area in 2000 was 0.9141, and in 2016 it was 0.9850.
(2) The overall health of the ecosystem in the Three Gorges Reservoir area is on the rise. Ecosystem health in the Three Gorges Reservoir area shows a trend of continuous improvement. Before 2002, the health status of the ecosystem in the Three Gorges Reservoir area was unhealthy or very unhealthy. In 2008, the ecosystem health status of the Three Gorges Reservoir changed from unhealthy to middle, and after 2010, it was healthy. It can be seen that from 2000 to 2016, the ecosystem of the Three Gorges Reservoir area has not reached a healthy state.
[image: Figure 4]FIGURE 4 | General situation of ecosystem health in the Three Gorges Reservoir Area.
4.2 Reservoir subsystem health analysis
From 2000 to 2008, the total score of ecosystem health increased year by year, decreased in 2009, and started to increase in 2010. From 2010 to 2012, it showed an upward trend, and in 2010, it rose from the 7th place to the 7th place in the total score. No. 4 in 2011, with a larger increase. There was a drop in 2013 and 2014, and the total score rose rapidly in 2015 and 2016. 2015 was the year with the highest overall score and the best ecosystem health in the 20-year period from 2000 to 2016. From 2000 to 2016, the overall economic and social subsystems showed an upward trend year by year (Table 5).
TABLE 5 | Relative membership degree of ecosystem health in the Three Gorges Reservoir Area.
[image: Table 5]From 2000 to 2016, the overall score of environmental management subsystem showed an upward trend (Table 6). In 2009, the environmental management subsystem score improved significantly, ranking second in the past 20 years. From 2010 to 2016, the environmental management subsystem scores showed a fluctuating upward trend, and the scores in 2012, 2013 and 2016 showed a downward trend.
TABLE 6 | Index value of ecosystem health subsystem level in the Three Gorges Reservoir Area.
[image: Table 6]From 2000 to 2016, the environmental subsystem showed a fluctuating downward trend, and from 2015 to 2016, the environmental subsystem score showed an upward trend (Table 6).
It can be seen from Table 6 and Figure 5 that the curve trends of the social subsystem and the environmental management subsystem are basically the same as the curve trends of the comprehensive evaluation value, indicating that the environmental management and social development level of the Three Gorges Reservoir area are the main influencing factors. The ecosystem of the reservoir area is healthy. The inflection point of these three curves appeared in 2009, indicating that the ecological environment and ecological protection work in the reservoir area in 2009 were affected by related factors. The environment of the Three Gorges Reservoir area showed a fluctuating and stable trend from 2000 to 2016, a downward trend from 2000 to 2008, and a fluctuating upward trend from 2008 to 2016, indicating that the environment of the Three Gorges Reservoir has experienced a long-term and long-term deterioration trend, and will soon turn around. The first inflection point of the environmental subsystem curve occurred in 2009, and the second inflection point occurred in 2014. After two inflection points, the environment improved significantly.
[image: Figure 5]FIGURE 5 | Change trend of ecosystem health subsystem level indicators in the Three Gorges Reservoir Area. Health score.
4.2.1 Reservoir ecosystem health average score
The average score of ecosystem health in Jiangbei District and Nan’an District exceeds 0.9539, which is much higher than that of other Kutou District ecosystems, and ranks in the top two. The health of the HA’s ecosystems is averagely divided, with large differences between districts and counties. The average score of ecosystem health in Yiling District was the highest at 0.9373, and the average score of ecosystem health in Zigui County was the lowest at 0.9328.
The average score of BA ecosystem health is low, which is mainly reflected in the low score of the economic and environmental management subsystem in the hinterland of the reservoir (Figure 6). This may be affected by the low economic benefits, insufficient economic security, and imperfect ecological environment construction in the hinterland of the reservoir.
[image: Figure 6]FIGURE 6 | Mean value and fluctuation of ecosystem health scores in the area of reservoir head, reservoir belly and reservoir tail.
According to the statistical results in Table 7 and Figure 6, the health status of the ecosystem in the tail area of the Three Gorges Reservoir area is good, while the health status of the ecosystem in the head area of the Three Gorges Reservoir area is second only to the ecological health in the tail area. Most worrying.
TABLE 7 | Average score of ecosystem health at the head, belly and tail of reservoir from 2000 to 2016.
[image: Table 7]4.2.2 Comparative analysis of ecosystem health
As can be seen from Table 8 and Figure 7, the ecosystems of HA and TA are in unhealthy state in 2003, BA is very unhealthy. In 2006, HA, BA and TA were still at unhealthy levels. The BA in the study area was in an unhealthy state; but in 2009 the health of the HA and teaching assistants improved significantly. In 2012, the HA, BA, and TA ecosystems in the study area were in a middle healthy state. Since 2016, the health status of HA, BA and TA has improved significantly. BA and TA are in a healthy state, while HA is in a very healthy state.
TABLE 8 | Relative membership degrees of the Three Gorges Reservoir Area’s health status.
[image: Table 8][image: Figure 7]FIGURE 7 | Relatively healthy trends for ecosystem of the TGRA in the typical years.
To sum up, the health of the HA is relatively good, but the health relative membership level fluctuates more; then TA; then the worst is the BA with the smallest health relative membership fluctuation.
4.2.3 Analysis of ecosystem health changes
The Three Gorges Reservoir area was in an unhealthy state in 2000,2003, 2006 and 2009. In 2012, TGRA reached an intermediate level. In 2016, TGRA was in good health. From the perspective of the ecosystem of the Three Gorges Reservoir area, it was the lowest in 2000 (0.9141) and the highest in 2016 (0.9850), and the health status in other years was between the two. The study showed that the year 2006 was significantly better than that in 2009, and the health situation in 2003 and 2006 was also significantly better than that in 2000. In 2009, there was a decline in health, but the overall situation was improving. To sum up, the health status of the ecosystem in the Three Gorges region shows a trend of improvement after deterioration.
4.2.4 Time trend analysis of regional ecosystem health
Due to the historical differences in resources, environment, and economic and social development, the time and internal reasons for the sudden changes in ecosystem health status in the reservoir head, reservoir belly and reservoir tail regions are different. Therefore, the catastrophic progression method is used to evaluate the health of the ecosystems in the reservoir head, belly and tail regions, which is more conducive to a deeper understanding and maintenance of the ecosystem health in the reservoir area.
The comprehensive ecosystem health values of HA, BA, TA and TGRA in the four study areas are shown in Table 9. From 2009 to 2012, the ecosystem health in the head region accelerated and improved, showing a very obvious mutation. From 2006 to 2009, the health level of the ventral tail ecosystem in the Three Gorges Reservoir area showed a gradual improvement trend, which was highly consistent with the change trend of the ecosystem health in the Three Gorges Reservoir area. This shows that the ecological system of the Three Gorges Reservoir area in 2008 was very unhealthy, which may be due to the adverse impact of the Three Gorges Project construction on the ecological environment to a certain extent.
TABLE 9 | Calculated data of indicators of the catastrophe model.
[image: Table 9]As shown in Table 9, the comprehensive ecosystem health values of HA, BA, TA and TGRA in 2000 calculated based on the catastrophe model are 0.9127, 0.9019, 0.9152, and 0.9141, respectively. According to the reference values in Table 3, the ecosystem health state of HA, BA, TA and TGRA in 2000 were all very unhealthy. Meanwhile, the comprehensive ecosystem health values of HA, BA, TA and TGRA in 2004 calculated based on the catastrophe model are 0.9460, 0.9393, 0.9435, and 0.9453, respectively. According to the reference values in Table 3, the ecosystem health state of HA, BA, TA and TGRA in 2004 were all unhealthy. In addition, the comprehensive ecosystem health values of HA, BA, TA and TGRA in 2012 calculated based on the catastrophe model are 0.9700, 0.9711, 0.9777, and 0.9737, respectively. According to the reference values in Table 3, the ecosystem health state of HA, BA, TA and TGRA in 2012 were all middll. And the comprehensive ecosystem health values of HA, BA, TA and TGRA in 2016 calculated based on the catastrophe model are 0.9919, 0.9787, 0.9831, and 0.9850, respectively. According to the reference values in Table 3, the ecosystem health state of HA, BA, TA, and TGRA in 2016 were very healthy, healthy, healthy and healthy, respectively.
4.2.5 Analysis of county-level ecosystem development in the Three Gorges Reservoir area
In 2000, the ecosystem health in the Three Gorges Reservoir Area was mainly in a very unhealthy state. Among them, there are 21 districts and counties in very unhealthy state, and 4 districts and counties in unhealthy state (Figure 9). In 2000, the unhealthy districts and counties were Beibei district, Jiulongpo district, Nan’an district and Shapingba district, which mainly existed in the tail area of the Three Gorges Reservoir.
In 2005, the Three Gorges Reservoir Area witnessed great changes, from a very unhealthy state in 2000 to an unhealthy state in 2005, and the ecosystem improved significantly. Among them, 18 districts and counties are in an unhealthy state, and 7 are in a very unhealthy state (Figure 9). Moreover, the districts and counties in a very unhealthy state mainly exist in the belly and head of the reservoir.
It can be seen from the figure that although the number of districts and counties in the Three Gorges Reservoir Area in which the ecosystem was in a very unhealthy state decreased significantly in 2000 and 2005, the ecosystem was still in a very unhealthy state. As can be seen from the figure in 2010, the ecosystem health of the Three Gorges Reservoir Area has generally got rid of the very unhealthy state of the ecosystem. In 2010, there were still 20 districts and counties in the Three Gorges Reservoir Area in an unhealthy state, and the overall situation of the ecosystem was still not optimistic. At the same time, five districts and counties have changed to a better level of ecosystem health, that is, medium health. These five districts and counties are Beibei District, Jiangbei District, Jiangjin District, Nan’an District and Changshou District, which mainly exist in Kuwei District.
In 2016, the ecosystem health in the Three Gorges Reservoir area was generally in a medium health state, with only a few districts and counties in an unhealthy state, and one district and county in a healthy ecosystem state (Figure 9). In the Three Gorges Reservoir Area in 2016, the districts and counties still in a healthy state were Badong County, Zigui County, Xingshan County, Fengdu County, Wushan County and Wuxi County, among which Badong County, Zigui County and Xingshan County were in the head area of the reservoir, and Wushan County and Wuxi County were in the belly area of the reservoir.
In general, according to the analysis of the health status of the ecosystems in the Three Gorges Reservoir area from 2000 to 2016 and Figures 9, 10, the following conclusions can be drawn.
4.2.5.1 Overall changes of ecosystem in the Three Gorges Reservoir Area
From 2000 to 2016, the overall ecosystem in the Three Gorges Reservoir area showed a good development trend. The ecosystem in the tail area of the reservoir is in good condition, followed by the belly area of the reservoir, and the ecosystem in the head area of the reservoir is in poor condition (Figure 8).
[image: Figure 8]FIGURE 8 | General situation of ecosystem health in the Three Gorges Reservoir Area.
[image: Figure 9]FIGURE 9 | Distribution of health status in each year from 2000 to 2016.
[image: Figure 10]FIGURE 10 | Distribution of ecosystem status in the Three Gorges Reservoir Area on the county scale from 2000 to 2016. The corresponding years of (A–D) in figure are 2000, 2005, 2010, and 2016.
4.2.5.2 Ecosystem changes in the head of the reservoir area
From 2000 to 20005, among the four districts and counties in the head of the reservoir area, Badong County and Zigui County were still in a very unhealthy state in 2005, while Xingshan County and Yiling District had changed from a very unhealthy state to an unhealthy state in 2005. From this point of view, in Kushou area, Badong County and Zigui County have poor ecosystem conditions. From 2010 to 2016, the ecosystem of the first four districts and counties in the reservoir was in an unhealthy state in 2010, while in 2016, only the ecosystem of Yiling District changed from an unhealthy state to a medium state. It can be seen from this that from 2010 to 2016, the ecosystem of Yiling District is the best in the reservoir head area, and the improvement is fast.
4.2.5.3 Ecosystem changes in districts and counties in the hinterland of the reservoir
In 2000, the ecosystems of all districts and counties in the Kufu area were in a very unhealthy state. By 2005, most of the districts and counties had changed from a very unhealthy state to an unhealthy state. There were still a few districts and counties that had not improved, namely Fengdu County, Yunyang County, Wushan County and Wuxi County. By 2010, Fengdu County, Yunyang County, Wushan County and Wuxi County had changed from a very unhealthy state to an unhealthy state, and the ecosystem had improved. By 2016, the ecosystem in the hinterland of the reservoir was mainly in a medium state, but the ecosystems in Fengdu County, Wushan County and Wuxi County were still in an unhealthy state. Therefore, it can be seen that the ecosystem of Fengdu County, Wushan County and Wuxi County in the hinterland of the reservoir is poor, and the improvement is relatively slow.
4.2.5.4 Ecosystem changes in districts and counties of the tail area
In 2000, when the reservoir area was in a very unhealthy state as a whole, Beibei District, Jiulongpo District, Nan’an District and Shapingba District at the end of the reservoir area were in a good ecosystem state, that is, in an unhealthy state. By 2010, Beibei District, Jiangbei District, Jiangjin District, Nan’an District and Changshou District have turned into a better medium level. In 2016, most of the area at the end of the reservoir has been in the ecosystem state dominated by the medium level, and the best ecosystem in this period is Jiangbei District, which has presented a healthy ecosystem state. It can be seen from this that in Kuwei District, the ecosystems of Beibei District, Nan’an District and Jiangbei District are better, and the improvement speed is faster.
4.3 Empirical analysis of factors affecting the ecosystem health of the Three Gorges Reservoir area
4.3.1 Analysis of influencing factors
The health of the ecological environment is affected by many factors, and climate change is the most direct. Extreme climate change will lead to shortage of water resources, and the occurrence of bad weather will also have negative effects on the ecological environment such as water bodies and agriculture.
4.3.1.1 Concrete analysis on various aspects of evaluating ecosystem health
The ecological health status of the Three Gorges Reservoir area was determined from the perspectives of environmental status, economic development, social development and environmental management through evaluation and analysis. This section focuses on considering the impact of “climate change,” a key factor affecting its ecological health, on ecological health.
Climate change has a significant impact on regional environmental conditions; it can not only directly affect forest growth through changes in climatic factors such as temperature and precipitation, but also indirectly change the carbon budget of forest ecosystems by changing the area and intensity of natural disturbances, thus directly affecting the external environment in the natural environment. At the same time, climate change makes crops and their growing environment change, which indirectly affects the discharge of pesticides, fertilizers and other industrial pollutants. Clearly also has an impact on the efficiency of environmental management.
The impact of climate change on ecological health is a series of chain reactions, which are accompanied by changes in environmental conditions and environmental management. Economic development and even social development may be subject to fluctuations. A suitable climate will reduce production costs, improve production efficiency, reduce pollution and unnecessary carbon emissions, thereby increasing economic income and promoting social development. On the contrary, it will reduce output, increase industrial pollution, reduce efficiency, etc., which is directly reflected in economic income, which is not conducive to social development.
Climate has direct and indirect effects on environmental conditions, economic development, social development, and environmental management. Therefore, it is of practical significance to select climatic factors and analyze their impact on the ecological environment. For the Three Gorges Reservoir area, if you want to ensure the healthy development of the ecosystem of the Three Gorges Reservoir area, you should be good at proposing measures to deal with unfavorable climate, so as to reduce the adverse impact of climate factors on the ecosystem, in order to obtain a stable and sustainable Three Gorges Reservoir area is healthy development.
4.3.2 Sample and variable data selection
Based on the above analysis and research topics, the ecological health score is used as the explained variable, and the local average temperature, rainfall, and sunshine duration are selected as the explanatory variables for climate factors, and a model is established to analyze the relationship between them.
This paper selects 25 districts and counties near the Three Gorges Reservoir area from 2000 to 2006 as research samples, and focuses on empirical research on the influencing factors of the Three Gorges Reservoir area’s ecological health. This paper uses panel data for regression analysis to avoid multicollinearity in time series and violate model assumptions. This enables the model to obtain more degrees of freedom, thereby providing more effective information and improving estimation efficiency.
4.3.3 Model establishment
4.3.3.1 Theoretical model
According to the variables and samples, the individual fixed effect regression theoretical model is established as follows:
[image: image]
The meaning of variables in the model: [image: image] represents ecological health score, [image: image] represents the average temperature, [image: image] represents rainfall; [image: image] stands for sunshine hours; [image: image] stands for random error term. In addition [image: image] represents the constant term, which [image: image] represents the coefficient. i represents the region, t low represents the year.
According to the regression results (Table 10), the R2 of the model’s goodness of fit is 0.2337, and the p-value of the F statistic is 0, indicating that the explanatory variables in the model can significantly explain the explained variables.
TABLE 10 | Regression results.
[image: Table 10]In the regression results of observation one by one, the p-values of the t-statistics of the explanatory variables average temperature, rainfall, and sunshine hours are all less than 0.01, indicating that the variables are significant at the 1% significance level. At the same time, the sign of the variable coefficient is observed, which can be seen according to the sign of the variable coefficient; The regression coefficients of average temperature and rainfall were greater than 0, and their values were positively correlated with health scores; while the regression coefficients of sunshine duration were less than 0, negatively correlated with health scores.
5 RESULT
With the rapid development of economy and the growth of population, the degradation of ecosystem is becoming more and more serious worldwide. Securing ecosystem environments and services will be a huge challenge. In this paper, the mutation theory is used to evaluate the ecological health of the Three Gorges Reservoir area. The overall ecosystem in the Three Gorges Reservoir area showed an upward trend of fluctuation and reached a turning point in 2009. The reason is that the Three Gorges Reservoir Area was approved by the Engineering Technology Research Center of the Ministry of Education to carry out ecological restoration of water pollution in the Three Gorges Reservoir area. In addition, from 2000 to 2016, the overall ecosystem in the Three Gorges Reservoir area showed a good development trend. The ecological health of the Three Gorges Reservoir area was evaluated, and it was found that the condition of the ecosystem in the tail area of the reservoir was good, followed by the abdomen area of the reservoir, and the condition of the ecosystem in the head area was poor, which was due to the low self-purification capacity of water body and high sewage discharge rate. The health of the ecosystem in the Three Gorges Reservoir area is improving year by year, but it still needs continuous ecological protection and restoration. The main findings of this study are as follows:
Catastrophe theory is mostly used in economic research. The purpose of applying catastrophe theory to ecological environmental health in the Three Gorges Reservoir area is to expand the ecological influencing factors to all aspects of human life. Through objective research on regional hazards, it is found that both social structure and natural structure affect the ecological health of the Three Gorges Reservoir area.
On the basis of the above, the quantitative and qualitative analysis of the factors affecting the ecological health of the Three Gorges Reservoir area by adding the important role of climate factors. It is found that climate temperature, local rainfall and sunshine duration are the factors affecting the ecological environment of the Three Gorges Reservoir area. In the ecological environment of the Three Gorges Reservoir area, the influence of rainfall or the high average temperature in different seasons can improve the ecological level of the reservoir area. Secondly, the prolonged sunshine time has a certain limiting effect on the ecological environment of the Three Gorges Reservoir area, which is also closely related to the construction of the Three Gorges Reservoir area and its special environment.
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