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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.

KEYWORDS

catastrophe theory, ecosystem health, evaluation model, change trend, Three Gorges
Reservoir area, CPM

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,
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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.,
20165 Chietal., 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 (Nickerk 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).
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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
Area Economic and Social

Gorges Reservoir

Characteristics Database of the Yangtze River Economic Research

Development

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).

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
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FIGURE 1
Location of the Three Gorges Reservoir area.

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
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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, ]iulongpo 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
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Standard rate of industrial wastewater discharge D26
Comprehensive utilization of industrial solid waste D27
Total investment in environmental pollution control D28

:Number of nature reserves D29
Proportion of nature reserve area in land arca D30

The comprehensive evaluation index system of ecosystem health in the Three Gorges Reservoir area.

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).
development is an important aspect related to ecosystem health.

Therefore, economic and social

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: status, social
development and environmental management (Figure 2). This

environmental economic development,

paper collates the indicators through literature collection (Table 1).

Fertilizer application amount and pesticide application amount
together measure the degree of agricultural pollution and reflect the

Frontiers in Environmental Science

04

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.
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TABLE 1 Reference list of indicators.
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Index Category References

Fertilizer application amount Environment Guo (2022) A global meta-analysis of crop yield and agricultural greenhouse gas emissions under
nitrogen fertilizer application

Pesticide application amount Lu et al. (2022) Pesticide dose based on canopy characteristics in apple trees: Reducing
environmental risk by reducing the amount of pesticide while maintaining pest and disease control
efficacy

Discharge of industrial wastewater Moges et al. (2022) The application of GO-Fe304 nanocomposite for chromium adsorption from
tannery industry wastewater

Industrial exhaust emissions LiY etal. (2021) Kuznets Curve based Analysis on the Relationship between Economic Growth and
Environmental Quality in Beijing

GDP per capita Economy Samarah (2021) Evaluating The Effect Of COVID-19 On The Palestinian Economy By Estimating
The Relationship Between Economic Growth And Unemployment In Palestine

Investment in fixed assets per capita Zhao and Jia (2021) Cluster Coordination between High-speed Rail Transportation Hub
Construction and Regional Economy Based on Big Data

Per capita financial income Peng et al. (2021) Do credit constraints affect households’ economic vulnerability? Empirical
evidence from rural China

GDP growth rate Liao et al. (2022) Understanding energy use growth: The role of investment-GDP ratio

Proportion of primary industry in GDP Zheng et al. (2019) Utilization Efficiency and Driving Factors of Water Resources in the Three
Outlets of Southern Jingjiang River in China

Proportion of the tertiary industry in GDP Jia and Qi (2021) The impact of consumption on economic growth in Chongging based on the
decomposition of input output table

Per capita public budget income Al-Rubaie and Ahmed (2021) Measuring and analyzing the repercussions of public debt in
financing the general budget deficit for the iraqi economy after 2003 using the (Eviews) program

Public budget expenditure per capita Cheema (2015) Impact of Fiscal Adjustment on Growth in Transition Economies

Per capita savings of urban and rural residents Hai-Long and Song (2009) An Empirical Analysis of the Relationship among Land Features, Food
Production and Rural Poverty——A Case Study of Poverty-stricken Karst Areas in Guizhou

Comprehensive index of industrial economic Yan et al. (2021) Analysis of Economic Benefits of Reclaimed Water Industry Utilization: A Case

benefits Study in Tongxiong

Per capita disposable income of urban residents | Society Chen and Shen (2021) Spatiotemporal differentiation of urban-rural income disparity and its
driving force in the Yangtze River Economic Belt during 2000-2017

Per capita disposable income of rural residents Wang and Yang (2018) Urbanization impact on residential energy consumption in China: the roles
of income, urbanization level, and urban density

Education expenditure Dahl and Van (2013) Educational inequalities in health in European welfare states: A social
expenditure approach

Teacher ratio of middle school students Ubeda (2017) Social Constructivism and Education Identity beyond Assimilation Vestiges: A
Teacher’s Latina Identity in a Middle School English as a Second Language Classroom

broadcast coverage Kwon and Lee (2018) Broadcast Range Performances for Random Access-Based Wireless Mutual
Broadcast

TV coverage Yuan. (2012) Association Study on the Development of Rural Commodity Circulation Industry
and Increasing Peasants’ Income in Xiangxi —Based on the Theory of Grey Correlation

Number of health institutions per 10000 people Wang et al. (2014) Analysis and Evaluation on the Health Resource Allocation of 31 Provinces,
Cities and Municipalities in China Based on Rank Sum Ratio Method

Number of health technicians per 10000 people Jia et al. (2019) Analysis on current status of human resources of township hospitals in Jiangsu

Number of sanitary beds per 10,000 people Satar et al. (2014) Access to healthcare facilities: case study of Kermanshah province

Social security and employment expenditure He. (2021) Spatiotemporal Trends and Driving Factors of Urban Livability in the Yangtze River
Delta Agglomeration

Number of urban residents with minimum living Ning (2012) On the Development Status and Suggestions of China’s Urban Minimum Living

security Security System

Standard rate of industrial wastewater discharge | Environmental Wang et al. (2022) Aquatic toxicity and aquatic ecological risk assessment of wastewater-derived

Management halogenated phenolic disinfection byproducts
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TABLE 1 (Continued) Reference list of indicators.
Index Category

Comprehensive utilization amount of industrial
solid waste

10.3389/fenvs.2023.1073416

References

Wu et al. (2022) Utilization path of bulk industrial solid waste: A review on the multi-directional
resource utilization path of phosphogypsum

Total investment in environmental pollution
control

Number of nature reserves

Proportion of nature reserve area to land area

Xue (2022) Evaluation analysis on industrial green total factor productivity and energy transition
policy in resource-based region

A Colléony et al. (2021) Exploring biodiversity and users of campsites in desert nature reserves to
balance between social values and ecological impacts

Pan and Yao (2016) Dynamic Evaluation of Land Ecological Security in Anhui Province Based on
PSR Model
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FIGURE 3

Catastrophe model for ecosystem health assessment in study areas of the TGRA.

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.

Frontiers in Environmental Science

Finally, the environmental management indicators include the
compliance rate of industrial wastewater discharge, the comprehensive
the total
environmental pollution control, the number of nature reserves,
and the proportion of nature reserves to land area.

utilization of industrial solid waste, investment in

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.

According to the evaluation index data, the catastrophe models
used for each index are as follows.1) D1, D2 and Cl 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, DI3 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
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TABLE 2 Summary of catastrophe models.

10.3389/fenvs.2023.1073416

Category Dimension of control = Potential function Bifurcation set Normalization formula
variables

Fold model 1 V(x)=x* +ux uy = -3x% Xy = iy

Cusp model 2 V(x) = {x' + 3w 5% + upx U = —6x%,uy = 8x° Xy, = U1, Xu, = iz

Swallowtail model 3 Vi(x)=1x"+ %u1x3 + %uzxz +usx w = —6x% 1y = 8x%,uz = —3x* X, = NiIT Xy = 305 Xy = 5

Butterfly model 4 V(x) =ix0 +dxt + Lupa® + dusx® +ugx g = —10x%,up = 200, uz = —15x% uy = 4x° | Xy, = i, X, = 3/, X,

=z, Xu, = Vfug

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
indicators at different levels are prioritized.
Specifically, there are four types of mutation fuzzy membership

evaluation

functions with different number of indicators: folding mutation,
with evaluation index (ul); cusp mutation with two evaluation
indicators (ul and u2); swallowtail mutation with three evaluation
indicators (ul, u2 and u3); butterfly mutation has four evaluation
indicators (ul, 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).
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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).

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

Cusp model for C1

xc1 = (VX1 + ¥/Xpz)/2 = (V0.3013 + /0.5547) /2 = 0.6853
Cusp model for C2

xc2 = (VX3 + ¥/xps)/2 = (V0.0225 + /0.0150)/2 = 0.1983
Butterfly model for C3

xcs = (Vxp7 + VXps + V%Xps + VXps) /4
= (v/0.4556 + /04500 + V/0.4735 + ¥/0.9222) /4 = 0.8137

Cusp model for C4
xca = (V*pio + VXp9)/2 = (V0.7053 + ¥/0.9523)/2 = 0.9118
Swallowtail model for C5

Xcs = (VxDll + ~/Xp12 + xms)/3
= (V04677 + V05169 + $/0.4225) /3 = 0.7642

Fold model for C6
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TABLE 3 Corresponding values between assessment results of catastrophe model and ordinary-use values at different risk levels.

Health level Relative membership degree obtained by catastrophe model Corresponding ordinary-use
values
Synthetic Environment  Economic Society Environmental
management
Very healthy >0.9904 >0.9621 >0.9734 >0.9743 >0.9651 >0.8
healthy 0.9782-0.9904  0.9156-0.9621 0.9404-0.9734  0.9424-0.9743 0.9222-0.9651 0.6-0.8
middle 0.9616-0.9782 0.8544-0.9156  0.8961-0.9404  0.8998-0.9424 0.8654-0.9222 0.4-0.6
unhealthy 0.9341-0.9616  0.7602-0.8544 0.8263-0.8961  0.8325-0.8998 0.7775-0.8654 0.2-0.4
Very unhealthy <0.9341 <0.7602 <0.8263 <0.8325 <0.7775 <0.2

Xcs = VXp1s = V0.5699 = 0.7549
Cusp model for C7
xc7 = (VXpis + Vxp15)/2 = (V0.3559 + +/0.4719)/2 = 0.6876
Butterfly model for C8

Xcs = (\/xD17 + ~/Xp19 + /Xp2o + V/ xms)/4
= (V04113 + /0.8825 + /0.9188 + ¥/0.3216) /4 = 0.8441

Swallowtail model for C9

xco = (VXpa1 + VXps + YXp2) /3
= (/0.2902 + ¥/0.3185 + ¥/0.3158) /3 = 0.6571

Cusp model for C10
Xc10 = (\/XD24 + \3/.X'D25)/2 = ( V0.4811 + 3\/0.6080)/2 =0.7704

Swallowtail model for C11

Xcu = (VxD27 + /Xpas + xD26)/3
= (v/0.8231 + ¥/0.4272 + ¥/0.5847) /3 = 0.8449

Cusp model for C12
Xc12 = (‘\/XDg,() + \3/xD29)/2 = ( V0.8939 + 3\/ 09497)/2 =0.9642

(2) Calculating membership degree for element variables (B) with
corresponding items (C) as control variables

Cusp model for Bl
xp = (VXar + Vxcz) /2 = (V0.6853 + ¥/0.1983) /2 = 0.7055
Butterfly model for B2

xp2 = (VXcs + /xcs + Xea + Vxcs) [4
= (V0.8137 + v0.7642 + /0.9118 + ¥/0.7549) /4 = 0.9347

Butterfly model for B3

xp3 = (VXcwo + V/Xcs + xco + xcr) [4
= (V0.7704 + ~/0.8441 + /0.6571 + 3/0.6876) /4 = 0.9127

Cusp model for B4
xps = (VX + Y%cn)/2 = (V0.8449 + 3/0.9642) /2 = 0.9536
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(3) Relating results with Table 3, the synthetic is graded as
“middle”.

Butterfly model for A

XA = (\/xBZ + ~/Xp3 + /Xps + \S/JCBI)/4
= (V/0.9347 + /0.9127 + $/0.9536 + ¥/0.7055) /4 = 0.9644

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
improvement. Before 2002, the health status of the ecosystem

shows a trend of continuous
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.

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
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TABLE 4 Statistical data of 2010 used in land ecosystem health assessment for TGRA.

Indices Original data Standardized data Weight
Application amount of chemical fertilizer D1 588135.0000 0.3013 0.0170 1
application amount of pesticide D2 12377.0000 0.5547 0.0150 2
industrial wastewater discharge D3 54828.7300 0.0225 0.0134 1
industrial emissions D4 6241.8000 0.0150 0.0133 2
per capital GDP D5 29531.8000 0.4735 0.0449 3
per capital investment in fixed assets D6 25590.9500 0.4500 0.0502 2
per capital fiscal revenue D7 2662.4300 0.4556 0.0609 1
GDP growth rate D8 17.3400 0.9222 0.0134 4
the proportion of primary industry in GDP D9 0.0800 0.9523 0.0165 2
the proportion of tertiary industry in GDP D10 0.4000 0.7053 0.0171 1
per capital public budget income D11 2061.3900 0.4677 0.0604 1
per capital public budget expenditure D12 4548.9600 0.5169 0.0493 2
per capital savings of urban and rural residents D13 20788.5800 0.4225 0.0442 3
comprehensive index of industrial economic benefits D14 209.6600 0.5699 0.0215 1
per capital disposable income of urban residents D15 17234.2700 0.4719 0.0315 2
per capital disposable income of rural residents D16 5382.1300 0.3559 0.0395 1
education expenditure D17 1268213.0000 0.4113 0.0548 1
comparison of middle school students and teachers D18 17.0600 0.3216 0.0128 4
broadcast coverage D19 97.2400 0.8825 0.0132 2
TV coverage D20 98.0600 0.9188 0.0130 3
number of health institutions per 10000 people D21 3.4200 0.2902 0.0404 1
number of health technicians per 10000 people D22 37.4500 0.3158 0.0217 3
number of sanitary beds per 10000 people D23 34.2600 0.3185 0.0277 2
social security and employment expenditure D24 948078.0000 0.4811 0.0612 1
number of urban residents with minimum living security D25 427275.0000 0.6080 0.0386 2
standard rate of industrial wastewater discharge D26 87.3200 0.5847 0.0144 3
comprehensive utilization of industrial solid waste D27 1262.5000 0.8231 0.0696 1
total investment in environmental pollution control D28 857365.0000 0.4272 0.0576 2
number of nature reserves D29 50.0000 0.9497 0.0313 2
proportion of nature reserve area in land area D30 0.0600 0.8939 0.0356 1

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).

From 2000 to 2016,
management subsystem showed an upward trend (Table 6). In

the overall score of environmental

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.

Frontiers in Environmental Science

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
indicating  that the
environmental management and social development level of the

comprehensive  evaluation  value,
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
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TABLE 5 Relative membership degree of ecosystem health in the Three Gorges
Reservoir Area. ow_—
Year Membership A —<— Membership ]
°—e
2000 0.9141 0.98 / g
e—o—o—
2001 0.9249 - / e 1
&
=
0.96 - o B
2002 09332 & N £
=]
2003 0.9395 I r
2004 0.9453 0.94 - Ve T
=
2005 0.9516 I O/ |
2006 0.9556 092 1 / i
d
2007 0.9607 I ]
1 " 1 n 1 " 1 n 1 " 1 " | 1 " 1
2008 0.9623 2000 2002 2004 2006 2008 2010 2012 2014 2016
2009 0.9541 FIGURE 4
General situation of ecosystem health in the Three Gorges
2010 0.9644 Reservoir Area.
2011 0.9732
2012 0.9737
2013 0.9731
2014 09719 from 2000 to 2016, a downward trend from 2000 to 2008, and a
fluctuating upward trend from 2008 to 2016, indicating that the
2015 0.986 . . .
environment of the Three Gorges Reservoir has experienced a
2016 0.985 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

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  significantly.

TABLE 6 Index value of ecosystem health subsystem level in the Three Gorges Reservoir Area.

Environment Economic Society Environmental management
2000 0.9366 0.7091 0.7382 0.7279
2001 0.8998 0.7495 0.7493 0.8019
2002 0.8873 0.7743 0.7861 0.8265
2003 0.9266 0.7942 0.7831 0.8500
2004 0.9358 0.8131 0.8001 0.8642
2005 0.9317 0.8361 0.8108 0.8984
2006 0.9131 0.8568 0.8333 0.8985
2007 0.8637 0.8787 0.8735 0.9157
2008 0.8317 0.8934 0.8849 0.9232
2009 0.6002 0.9177 0.9037 0.9551
2010 0.7055 0.9347 0.9127 0.9536
2011 0.7763 0.9489 0.9400 0.9543
2012 0.7572 0.9560 0.9501 0.9538
2013 0.7366 0.9620 0.9551 0.9450
2014 0.6807 0.9732 0.9609 0.9547
2015 0.8442 0.9875 0.9729 0.9711
2016 0.8350 0.9937 0.9765 0.9472
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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 the 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 security, and imperfect
ecological environment construction in the hinterland of the
reservoir.

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.

in low

economic

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.

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.
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TABLE 7 Average score of ecosystem health at the head, belly and tail of reservoir
from 2000 to 2016.

Region Mean Variance
HA 0.9424 0.0019
BA 0.9401 0.0013
TA 0.9464 0.0012

TGRA 0.9444 0.0014

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.

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
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FIGURE 6
Mean value and fluctuation of ecosystem health scores in the area of reservoir head, reservoir belly and reservoir tail.

TABLE 8 Relative membership degrees of the Three Gorges Reservoir Area’s HA, BA, TA and TGRA in 2012 were all middIl. And the comprehensive
health status. 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
HA 0.9127 0.9389 0.9541 0.9687 0.9700  0.9919 health state of HA, BA, TA, and TGRA in 2016 were very healthy,
healthy, healthy and healthy, respectively.

BA 0.9019 0.9323 ‘ 0.9427 0.9502 ‘ 0.9711 0.9787

TA 09152 0.9403 ‘ 09549 | 0.9661 ‘ 09777 09831 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
0.98 a2 e mainly existed in the tail area of the Three Gorges Reservoir.

PN ] In 2005, the Three Gorges Reservoir Area witnessed great changes,

5257 rd from a very unhealthy state in 2000 to an unhealthy state in 2005, and

& the ecosystem improved significantly. Among them, 18 districts and

o ] counties are in an unhealthy state, and 7 are in a very unhealthy state

0.94 | % " 4 (Figure 9). Moreover, the districts and counties in a very unhealthy
e ] state mainly exist in the belly and head of the reservoir.

o It can be seen from the figure that although the number of districts and

//,

0.92 |- i o
,
,

a’ counties in the Three Gorges Reservoir Area in which the ecosystem was in
L

’: g? 1 a very unhealthy state decreased significantly in 2000 and 2005, the
090 @ A~ TA A ecosystem was still in a very unhealthy state. As can be seen from the

L figure in 2010, the ecosystem health of the Three Gorges Reservoir Area
2000 2002 2004 2006 2008 2010 2012 2014 2016 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

FIGURE 7 . . . .
Relatively healthy trends for ecosystem of the TGRA in the typical in an unhealthy state, and the overall situation of the ecosystem was still not
years. 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
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TABLE 9 Calculated data of indicators of the catastrophe model.

10.3389/fenvs.2023.1073416

Year HA BA TA TGRA

2000 09127 09019 09152 0.9141

2001 0.9258 0.9194 09185 09249

2002 0.9295 0.9256 09217 09332

2003 0.9389 09323 0.9403 09395

2004 0.9460 09393 0.9435 0.9453

2005 0.9503 0.9438 0.9492 0.9516

2006 0.9541 09427 0.9549 0.9556

2007 09572 09538 0.9592 0.9607

2008 0.9595 0.9552 0.9656 09623

2009 0.9687 0.9502 0.9661 0.9541

2010 0.9694 0.9653 0.9682 0.9644

2011 0.9636 0.9697 09783 09732

2012 0.9700 09711 09777 09737

2013 0.9730 0.9730 0.9760 09731

2014 0.9776 0.9748 0.9753 0.9719

2015 0.9891 09812 0.9842 0.9860

2016 0.9919 0.9787 0.9831 0.9850
The abbreviations are the head of the TGRA (HA), the belly of the TGRA (BA), the tail of the TGRA (TA).
and counties are Beibei District, Jiangbei District, Jiangjin District, Nan’an
District and Changshou District, which mainly exist in Kuwei District. w—_—

In 2016, the ecosystem health in the Three Gorges Reservoir area was o Membership
generally in a medium health state, with only a few districts and counties e
in an unhealthy state, and one district and county in a healthy ecosystem 0.98 |- = .
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, e
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 094 L . i
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 0.92 - y
Figures 9, 10, the following conclusions can be drawn. °
. 0.90 1 1 1 1 1 1 1 1 1
4.2.5.1 Overall changes of ecosystem in the Three Gorges 2000 2002 2004 2006 2008 2010 2012 2014 2016
Reservoir Area
FIGURE 8

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).

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,
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General situation of ecosystem health in the Three Gorges
Reservoir 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.
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Distribution of health status in each year from 2000 to 2016.

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.

B very unhealthy [Junhealthy [ Imiddle

FIGURE 10

B healthy

10.3389/fenvs.2023.1073416

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.

)

0 100 200
B km

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.
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TABLE 10 Regression results.

Fixed-effects (within) regression

10.3389/fenvs.2023.1073416

Number of obs = 425

Number of groups = 25

R-sq: Obs per group:
Within = 0.2337 min = 17
Between = 0.6088 avg = 17
Overall = 0.2025 max = 17
corr (u_i,Xb) = —0.9354 Prob > F=0
Health score Coef. Std.Err. t P>t [95%Conf.Interval]
The average temperature 0.0211 0.0013 15.6600 0.0000 0.0183 0.0239
Rainfall 17.1927 -0.5305 3.7400 0.0010 3.8459 —2.2488
Sunshine hours —0.0001 3.2150 —-16.0900 0.0000 -0.0001 0.0000
_cons 0.6575 0.0180 36.5500 0.0000 0.6204 0.6947

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.
has
environmental conditions; it can not only directly affect forest

Climate change a significant impact on regional
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
which

conditions

chain reactions, are accompanied by changes in

environmental 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,
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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
it
significance to select climatic factors and analyze their impact on
the ecological environment. For the Three Gorges Reservoir area, if

environmental management. Therefore, is of practical

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:

1)

Scorey, = a + fltemp, + P2rain; + P3sunshine; + &

The meaning of variables in the model: Score;, represents ecological
health score, temp, represents the average temperature, rainj
represents rainfall; sunshine; stands for sunshine hours; & stands
for random error term. In addition a represents the constant term,
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which B 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.

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
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