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Abstract

:

Water Ecological Civilization Construction (WECC) is critical for promoting long-term resource, economic, and social development. The Min River is the longest in Fujian Province, China, and is known as the “golden canal” for shipping. In this study, data from cities around the Min River were used to build an evaluation index system for WECC in the Min River, incorporating the Pressure–State–Response model, and the matter element extension model was used to examine the WECC level in the Min River Basin. The results indicate that notable progress has been made for WECC in the Min River Basin, despite evident regional variation. The upper parts of the Min River have seen the most development; however, the downstream regions have been mainly stable and retained a high WECC level. Changes in industrial structure and government actions substantially affect the degree of WECC. This study can act as a reference for river basin WECC.
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1. Introduction


Water has a vital function in ecosystems and influences their equilibrium and development [1]. Rapid industrialization and urbanization have markedly strained urban water ecosystems in China over the last several decades [2]. The ecological integrity of rivers has been severely compromised. Various aquatic ecological issues have successively occurred, such as eutrophication of water bodies, falls in groundwater, river diversion, lake degradation, and biodiversity loss [3,4,5]. All United Nations Member States adopted the 2030 Agenda for Sustainable Development in 2015. At its heart are the 17 Sustainable Development Goals, which include ensuring the availability and sustainable management of water and sanitation for all [6]. In light of the present difficulties confronting China’s water resources and their sustainable development, the Chinese Ministry of Water Resources proposed the idea of “water ecological civilization”. The goal of water ecological civilization is to protect the ecological health of water, make smart use of water resources, create a “water economy,” and help people grow in harmony with nature [7,8]. The water conservancy department combined the ideas of “ecological civilization” and “water resources” to create the idea of “water ecological civilization,” which is based on “harmony” between people and the environment [7,9,10].



The Min River is the biggest river in Fujian Province to empty into the sea. The river passes through four cities in the province, which occupy half of the province’s total area. The river is crucial for the culture and economy of the towns around the basin. The Min River Basin is a core site of pre-Qin and Han cultural development in Fujian Province, and a breeding ground for Minyue, Neo-Confucianism, and pottery cultures, among others [11,12]. Other interesting locations are found along the river, including Jiufeng Mountain in Nanping, Jinshan Temple in Fuzhou, and Luoxing Pagoda. Since the late Ming Dynasty, the Min River has served as a trade link between Zhejiang Province and Fujian Province, earning it the nickname “golden stream” [13]. In modern times, sections of the Min River Basin in Fujian have developed into an important transportation corridor. There are more than 30 ports with a throughput of over 10,000 tons (10,000 passengers), of which Fuzhou Port is one of China’s most significant primary hub ports [14]. In addition, eight hydropower plants have been constructed on the Min River, with the Shuikou hydropower station being the largest. This construction has made Fujian Province a well-developed hydropower area [15,16].



Evaluating ecosystems may help us obtain complete knowledge of the environment, which is crucial for its preservation [17]. However, regional environmental variables make the evaluation of ecosystems different in every case, and the indicators and weights in commonly applied frameworks are ambiguous [18,19]. The Organization for Economic Cooperation and Development and the United Nations Environment Programme proposed the “Pressure–State–Response” (PSR) model [20]. The model has been used extensively to build an assessment index system for watersheds, fisheries, forests, and other industries [21,22,23]. To evaluate the connection between human production, life, and the ecological environment, the PSR model incorporates three components: pressure, state, and response. When pressure is put on an ecosystem in a particular state, the system responds by changing to a different state; this new state can be changed by human actions [24]. Stress determines the effects of human production and existence on ecosystems [25]; typically, indicators at this layer are negative. The “state” is the quality that reflects the biological, physical, and chemical characteristics of the current ecosystem [26]. The term “response” refers to the measures and actions taken by human beings to restore and protect the ecology.



In this study, the Min River Basin and its Water Ecological Civilization Construction (WECC) level are assessed. When choosing indicators, the vast majority of published articles have used only qualitative analytic methods and the subjective judgment of academics. In the present study, a factor analysis approach based on R-type clustering is employed to screen assessment indicators quantitatively. The analytic hierarchy process and the entropy technique are applied to precisely estimate the index weight. The PSR and matter-element extension models are used to precisely evaluate the degree of WECC in the Min River Basin. In the Min River Basin, people are investigating how to create a water society that is good for the environment and can grow. The primary contributions of this study are as follows: (1) The R-type factor clustering method is used to screen the indicators, guaranteeing that each indication is the most representative of its kind. (2) The PSR model and the matter-element extension model are linked to make a system for judging how far the Min River Basin has come in terms of WECC.




2. Materials and Methods


2.1. Study Area


The Min River begins in Jianning County, between Fujian and Jiangxi provinces. The river’s three main tributaries, which are the Jianxi, Futun, and Shaxi, are found in the upper reaches. The three tributaries join the central river basin in Nanping and flow through 36 counties and cities in Fujian Province. The province has a subtropical marine climate with warm and humid weather, a well-developed monsoon, and abundant water resources. The Min River Basin covers half of the land area of Fujian Province and is the largest water system in the province (Figure 1). The basin’s economic production accounts for almost 40% of the province’s entire output, and the area possesses the province’s most important ecological and economic advantages. The ecological civilization building of this area is inextricably linked to the living, production, urban construction, and economic growth of coastal people, which is critical to the ecological civilization building for the province as a whole [27].




2.2. Collection and Preparation of Data


The majority of the data for this study came from the Fujian Statistical Yearbook, Fujian Municipalities Statistical Yearbook, China Urban Construction Statistical Yearbook, Fujian Province Water Resources Bulletin, Fujian Municipalities Water Resources Bulletin, and water quality data from 31 surface water automated environmental monitoring stations in five major cities along the Min River. The water quality data incorporate three indicators: dissolved oxygen, permanganate, and ammonia nitrogen concentration in the water. Data from the Min River Basin were thoroughly processed using MATLAB, EXCEL, SPSS, and STATA (latest versions) to comprehensively assess the degree of WECC in the Min River Basin from 2011 to 2020.



In the present study, a Grey Markov prediction model was employed to augment the 2020 data for locations for which the 2020 data have not been released, hence ensuring data integrity and availability. The Grey Markov model does not have any side effects and better fits irregularly changing data, making up for the flaws in the Grey prediction model [28]. Figure 2 depicts the estimated values and relative error of the Grey prediction model and the Grey Markov model for filling in the missing values of the industrial discharge of COD (Chemical Oxygen Demand) in Nanping, China. Overall, the predicted values of the Grey Markov model are very close to the actual values, and the relative error is also smaller than the relative error of the Grey GM (1,1) model (Figure 2).



Due to the complexity of the indicators used in the assessment process, the dimensions of the coefficients are not always similar; as a result, the indications were often incomparable. Therefore, the    Z - Score    normalization method was used to make the data more comparable and lessen the effect of the different ranges and units of the indicators. In addition, the economic data in the article remove the impact of inflation.




2.3. Establishment of an Assessment System for WECC


2.3.1. Selection of Initial Indicators


The three components of the PSR model interact with and constrain each other, allowing the evaluation of the health of the water ecology and the impact of human activity on the water ecology (Figure 3).



For pressure, we chose twelve independent indicators based on the actual situation in the study area. For human routine activities, we selected urban water population, per capita daily water usage, and three other indicators. For industrial activities, industrial water consumption and wastewater outputs were used, and, for agriculture, selected indicators were water for forestry, animal care, fishing, and farmland irrigation.



The state of the water ecology in the Min River Basin was primarily represented by water quality, coastal ecology, and human water use. Indicators of water quality are nitrogen oxide concentration, dissolved oxygen concentration, and water quality compliance rate. Two indicators are used to express human water usage: water consumption of 10k CNY GDP and the production capacity of year-end water supply. The ratio of green areas to city areas and per capita public green areas are indicative of the coastal ecology.



We chose urban water ecosystem construction, greening construction, and water ecosystem construction investment to represent human responses. Newly increased green area and forest coverage rate can indicate urban greening construction. The construction of an urban water ecosystem may be represented by the city’s sewage disposal proportion and the proportion of regular rubbish disposal. Investments in water conservation, environmental governance, and flood control demonstrate the government’s involvement in water conservation and ecological development.




2.3.2. Index Screening


The R-type clustering factor analysis method was used for the quantitative selection of indicators. On the basis of the clustering of variables, representative indicators are selected for each category by factor analysis [29]. First, R-type clustering is carried out on each layer, i.e., 30 variables are clustered hierarchically to ensure that there is a high correlation between the factor analysis indicators and that the different categories of indicators are relatively independent. Currently, there is no traditional method for determining the number of clusters. A Kruskal–Wallis (KW) test for each category after clustering to determine the number of clusters can ensure the scientific validity of the number of clusters. The K-W test assumes no significant difference between the index values. If the P value of the test is greater than the significant level of 0.05, the original hypothesis is accepted; that is, there is no significant difference between the index values of each category, and the classification results are reasonable [30].



Factor analysis using R-type clustering was carried out for each index, and the factor load matrix screened out the index with the most significant contribution rate to the factor. Supposing the factor contribution rate of the same indicators or categories includes a coefficient of variation of 0 and cannot be the factor analysis of indicators, in that case, in this study, the coefficients of variation of more minor indicators were deleted on the basis of the size of the coefficient of variation screening. The calculation formula for the coefficient of variation is expressed as Equation (1). The filtering process and results are shown in Table 1.


   v i  =    σ j      x ¯  j     



(1)




where    v i    is the coefficient of variation of indicators for a single year and     x ¯  i    is the average for that year.





2.4. Determination of Indicator Weights


Establishing indicator weights is critical for assessing the degree of WECC. The main existing techniques for calculating the weight of indicators are the entropy weight method, the standard deviation method, and CRITIC. The main subjective weighting methods are hierarchical analysis and expert scores [31,32,33,34]. This paper uses the entropy weight method and the analytic hierarchy process to find the index weight. This approach both overcomes the issue that the objective weighting of the entropy weight technique is inconsistent with the actual situation, owing to inadequate data, and compensates for the fact that subjective weighting elements heavily influence the analytic hierarchy process. This weighting approach combines subjective and objective factors and makes weight determination more scientific.




2.5. Matter-Element Extension Evaluation Model


2.5.1. Determining Classical Domains, Node Domains, and Matter-Element Matrix to Be Evaluated


In the matter-element extension model, things are represented as ordered triples comprising three elements: objects, characteristics, and values. This three-part description is also known as “matter-element.” Equation (2) shows that the matter element  N  of the WECC level comprises  n  characteristic indexes    c 1  ,  c 2  , ⋯ ,  c n    that reflect the WECC level with matching values    v 1  ,  v 2  , ⋯ ,  v n   .


  R =  |         N                            c 1         c 2       ⋮       c n               v 1         v 2       ⋮       v n           |  =  |       R 1         R 2       ⋮       R n       |   



(2)




  R = ( N , c , v )   can be used to keep track of the amount of water in WECC matter elements  R . The matter-element extension model can be split into three groups: classical domain matter element, nodal domain matter element, and matter element to be assessed. The classical domain matter element is a matrix that lists the properties of objects and the standard scale range of those properties at each level    R  o p    . The value interval of each item’s attribute at all levels, denoted by    R q   , makes up the nodal matter element. The features of the object and the values of each feature’s index    R x    make up the assessed object element.



Equation (3) shows how the classical domain element matrix    R  o p   = (  N  o p   ,  C i  ,  V o  )   of the WECC level is constructed.


   R  o p   =  |           N  o p                               c 1         c 2       ⋮       c n              (  a  o p 1   ,  b  o p 1   )       (  a  o p 2   ,  b  o p 2   )      ⋮      (  a  o p n   ,  b  o p n   )          |   



(3)




where, in the classical domain matter element    R  o p    , the   p - t h   evaluation level of the WECC level is designated as    N  o p    , the evaluation value of the   i - t h   indicator is denoted by    c i   , and the range of values of level  p  is denoted by   (  a  o p 1   ,  b  o p 1   )  .



The nodal domain matter-element matrix    R q  = (  N p  ,  C n  ,  V p  )   of the WECC level is given by Equation (4).


   R  o p   =  |           N q                              c 1         c 2       ⋮       c n              (  a  q 1   ,  b  q 1   )       (  a  q 2   ,  b  q 2   )      ⋮      (  a  q n   ,  b  q n   )          |   



(4)




where the whole level of WECC is denoted by  q  in the nodal matter element    R q   , and the range of values for the feature    c i    in the nodal domain elements is denoted by    v  q i   = (  a  q i   ,  b  q i   )  .



The matter-element matrix    R x  = (  N x  ,  C n  ,  V n  )   of the item to be assessed for the WECC level is obtained as follows:


   R x  =  |         N                            c 1         c 2       ⋮       c n               v 1         v 2       ⋮       v n           |  =  |       R 1         R 2       ⋮       R n       |   



(5)








2.5.2. Determination of Correlation Function


The correlation function analyzes the value of each characteristic attribute index and the degree of attribution between assessment levels, i.e., the object elements are assessed by the classical domain elements through a variety of evaluation level values. Calculating the association function allows for the quantitative examination of the incompatibility issue. Before generating the correlation function, the distance between the values of the characteristic indicators of the evaluated item and each evaluation level in the classical and nodal domains must be determined. The formulas for these are written as follows:


  ρ ( X ,  X o  ) =  |  X −  1 2  (  a o  +  b o  )  |  −  1 2  (  b o  −  a o  )  



(6)






  ρ ( X ,  X q  ) =  |  X −  1 2  (  a q  +  b q  )  |  −  1 2  (  b q  −  a q  )  



(7)




where    |  b − a  |    are the modulus of the bounded interval    [  a , b  ]    and   ρ ( X ,  X o  )  ,   ρ ( X ,  X q  )   is the distance between the midpoint of the object and both the classical domain and the node domain. Equation (8) expresses the formula for the correlation function   K ( x )   of the WECC level indicators.


  K (  x i  ) =  {        − ρ ( X ,  X o  )    |   X o   |    ,     X ∈  X o          ρ ( X ,  X o  )   ρ ( X ,  X q  ) − ρ ( X ,  X o  )   ,     X ∉  X o         



(8)








2.5.3. Calculation of the Degree of Comprehensive Correlation


Based on the correlation function and the weight    ω i    for each characteristic index, Equation (9) can be used to find the integrated correlation    K p  (  N x  )   of the assessed item    N x    for rank  p .


   K p  (  N x  ) =   ∑  i = 1  n    ω i   k p  (  x i  )    



(9)




If    K  p i   = max [  k p  (  x i  ) ] , ( p = 1 , 2 , ⋯ , n )  , the indicator’s level is  p  for indicator  i . If    K  p x   = max [  k p  (  N x  ) ] , ( p = 1 , 2 , ⋯ , n )  , the level of the item to be assessed is  p  if  i  is being evaluated.






3. Results


3.1. Weights of Assessment Index


The weight of each indicator for the WECC evaluation system was calculated with the entropy weight method and the analytic hierarchy shown in Figure 4. The state layer accounted for the largest weight (45%), followed by social response (29%). The pressure of WECC was the smallest weight (26%) in the first-grade indices.



Herein, the degree of WECC in the Min River Basin is categorized as follows: excellent (I), good (II), medium (III), poor (IV), and very poor (V). For the classic domain and section domain, the categories were established by consulting the Surface Water Environmental Quality Standards, the Guidelines for the Evaluation of Water Ecological Civilization City Construction, and worldwide and national industry standards for each index. The analysis considers the actual conditions of the Min River Basin to develop the classic domain and section domain scope of the WECC evaluation system (Table S1).




3.2. Spatial-Temporal Characteristics of WECC


Changes in the WECC of cities around the Min River from 2011 to 2020 are illustrated in Figure 5. The amount of WECC in the basin changed markedly throughout the period. During the first five years, the degree of WECC in the Min River Basin was relatively poor and regionally prominent, and in the upper reaches of Sanming and Nanping, WECC was poor and very poor. During 2011–2014, the degree of WECC in Nanping was very poor, but by 2015 it had vastly improved and reached the level of good. From 2011–2015, Sanming’s WECC level was not stable and often poor. The degree of WECC was higher in Fuzhou and Ningde than in upstream areas. The development of Ningde’s WECC steadily progressed from medium to excellent by 2015. Fuzhou’s WECC remained either medium or good from 2011 to 2015. The WECC in towns along the Min River has attained an excellent level during the last five years. From 2016 to 2020, Ningde and Nanping were exceptional, and Sanming and Fuzhou varied between good and excellent. Overall, the level of WECC in all four areas has improved over time, with the two upstream areas making the most progress.



Moreover, we constructed a spatial and temporal distribution of the Standardized Precipitation Index (SPI) in the Min River Basin and compared it to the level of WECC (Figure 6). McKee came up with the SPI in 1993 to describe weather droughts over time scales [35]. According to the spatial-temporal distribution of the SPI, the association of Sanming and Nanping with the SPI is more obvious, particularly in 2011, 2014, and 2015. In 2011, Nanping, Ningde, and parts of Fuzhou all had droughts of varying severity, while most of Sanming was flooded. However, the level of WECC in Sanming and Nanping is poor. In 2014, there was a drought in Sanming and Nanping, and the WECC levels in both regions were between medium and very poor. Despite severe floods in the southeast of Fuzhou, the level of WECC remained good. In 2015, the southeastern section of Sanming was affected by a severe drought, and the region’s WECC level was very poor. This should relate to the arrangement of water infrastructure in the Min River Basin [36]. The first terraced hydropower plant in New China was constructed at Ningde [37]. The middle part of the Min River, upstream of Fuzhou, is the location of the largest Shuikou hydroelectric station in East China [15,16]. This has significantly decreased the effects of floods and drought in both areas [38].




3.3. Changes in the WECC Evaluation Index


The differences in pressure, state, and response evaluation indexes were compared to learn more about the degree of WECC in the Min River Basin.



Pressure indicates opposition to the creation of WECC, namely, population increase and urban industrial endeavors. When the 10-year pressure on the cities around the basin was compared, it was found that Ningde experienced very little pressure during the study period. From 2011 to 2015, Sanming suffered high stress, which decreased to a comparatively low level in 2016. Nanping experienced heavy pressure in 2012, but the pressure was relatively mild and light in other years. During the research period, Fuzhou’s stress improved, with most years exhibiting relatively low stress levels, but particular years exhibiting high stresses (Figure 7a).



The state indicates the city’s water quality, coastal ecology, and other factors. The overall condition of the Min River Basin stayed above the medium level during the research period (Figure 7b), with only a few areas being in bad shape for some years.



The response is the human reaction to the WECC. Fuzhou’s response level showed a positive level. Sanming and Ningde’s reactions became progressively more positive during the research period. In 2011, Sanming was primarily negative but became medium and positive. Ningde shifted from negative to relatively positive. During the research period, Nanping’s response levels were negative and relatively pessimistic, and the region’s investments in WECC must be increased (Figure 7c).





4. Discussion


4.1. Multiple Regression Analysis


In order to comprehend the impact of each indicator on the level of WECC, a multiple regression analysis was undertaken, and a multiple linear regression equation was developed for the level of WECC and each indicator.


    Y = 0.237 − 5.401  X 1  − 2.814  X 5  − 1.709  X 7  − 2.144  X 8  − 1.146  X 9  − 6.8  X  10   − 2.546  X  12       + 1.105  X  13   + 0.497  X  14   − 0.555  X  15   − 2.296  X  16   + 0.568  X  18   + 0.67  X  20   − 0.081  X  22   + 0.524  X  23       + 2.886  X  24   + 0.641  X  25   + 1.658  X  26   + 1.507  X  27   + 5.537  X  29   + 0.032  X  30      



(10)




where the regression equation passed the significance test at   p = 0.01  . All indicators passed the significance test at   p = 0.05  . The model’s explainability on the level of WECC is 83.1% (Adjusted    R 2  = 0.831  ).



In the multiple regression model, the sign of the coefficient shows whether an indicator is good for the WECC or bad for it. For example, the coefficient of population per square kilometer is −5.401, meaning that the level of WECC decreases by 5.401 units for each unit increase in population per square kilometer.




4.2. Negative Influence of Human Behavior on WECC


Human influences affect the aquatic ecological environment markedly more than other elements [39]. Social factors and industrial structures negatively influence the WECC [40]. Typically, in cities with a high degree of urbanization, as the urban population grows, the city’s infrastructure and scale also expand, as does the need for water [41]. As the population migrates, residential water demand and pollution rise, putting a greater strain on water supplies [42]. According to studies, the scale of Fuzhou city has grown by more than 20% in the past decade [43]. During the study interval, Fuzhou’s population density was much higher than in the other three cities (Figure 8a). With increasing population density, the carrying capacity of water resources in cities cannot keep up with the rate of urbanization.



Most cities in China have a secondary sector of the economy that is growing quickly, but industrial sophistication is low compared to developed countries [44]. The secondary industry is resource-intensive, energy-hungry, and one of the primary sources of environmental pollution [45,46]. Sanming and Nanping are the province’s oldest industrial centers, although, in recent years, to save resources and enhance the ecological quality of water, Sanming and Nanping have undertaken industrial upgrading. The industrial discharge of COD and wastewater discharge indexes of the two cities showed a declining trend year by year (Figure 8b,c). However, because regional manufacturing techniques cannot be modified, Sanming will not alter its secondary industry-driven growth quickly. The secondary sector remains the primary contributor to the region’s GDP [47]. Sanming’s industrial wastewater discharge and chemical oxygen demand emissions remain greater than in other locations. In Fuzhou, industrial wastewater discharge has also risen recently (Figure 8b). Therefore, compared to the other two regions, Sanming and Fuzhou are under more pressure.




4.3. Positive Influence of Human Behavior and Policies on WECC


According to the findings, economic and environmental policies positively impact the WECC [40]. The economy’s growth raises government spending on environmental management and protection [48]. Financial environmental protection expenditures can improve the ecological environment [49]. We calculated the correlation coefficients between the regional GDP of the Min River Basin and the percentage of sewage disposal, and fixed asset investment in urban drainage and sewage treatment in each region (Figure 9 and Figure 10). Indeed, there is a positive association between investment in environmental management and preservation and, to varying degrees, the economic status of each area. The percentage of sewage disposal in Fuzhou, Ningde, and Sanming are strongly related to the level of economic development in those cities. In Nanping, however, the relationship is moderately correlated. Figure 11 shows that the percentage of sewage disposal in each area improved over the study.



In addition, Fujian Province enacted its important watershed ecological compensation method rules in 2015, spending over 1 billion (RMB) annually on ecological compensation in the watershed [50,51]. Local governments have taken various measures to safeguard the basin’s aquatic ecosystem. The municipal government of Nanping strictly manages water resources, including industrial, animal, and poultry water, and regulates pollution emissions [52]. Sanming carried out the conservation and restoration of the Min River Basin’s mountains, rivers, woods, farms, lakes, and grasses [53]. Fuzhou has put a high priority on preventing and taking care of sewage from urban and rural homes, as well as sewage from industrial parks [54]. These measures are essential for creating a water-friendly civilization.





5. Conclusions


In this study, the level of WECC in the Min River Basin is thoroughly evaluated, and WECC development and distribution are further studied by using relevant indicators. This work is predicated chiefly on the PSR model to develop a unique index system for a complete assessment of the degree of WECC in the Min River Basin. Grey Markov prediction and R-type factor clustering were applied to supplement and filter the data, and indicators were used to provide a more comprehensive and appropriate index system. The matter-element extension model was applied to determine how much WECC there is in the Min River Basin. Our findings indicate that there are substantial disparities in the degree of WECC across areas and that, through time, the level of each region has increased and the disparity has shrunk. The modernization of national policies and industrial structures has played a notable role in developing a water-friendly society. These findings may guide the development of an urban water ecological civilization and assist in enhancing its environment.
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Figure 1. Location of the study area (NP: Nanping city, ND: Ningde city, FZ: Fuzhou city, SM: Sanming city, PT: Putian city, QZ: Quanzhou city, XM: Xiamen city, LY: Longyan city, ZZ: Zhangzhou city). 
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Figure 2. Comparison of the Grey prediction model and Grey Markov model. (a) Comparison of the predicted and true values; (b) the relative error of the Grey prediction model and the Grey Markov model. 
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Figure 3. The Pressure–State–Response framework and the selected indicators. 
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Figure 4. Weight of each indicator for the WECC evaluation system. 
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Figure 5. Spatial-temporal variation of WECC in the Min River Basin from 2011 to 2020. 
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Figure 6. Spatial-temporal variation of the SPI in the Min River Basin from 2011 to 2020 (  S P I ≥ 1.5  : severe flooding,   1 ≤ S P I < 1.5  : medium flooding,   0.5 ≤ S P I < 1  : light flooding,   − 0.5 ≤ S P I < 0.5  : normal,   − 1 ≤ S P I < − 0.5  : light drought,   − 1.5 ≤ S P I < − 1  : medium drought,   S P I ≤ − 1.5  : severe drought, lack of data for some small islands in the southeast of the study area). 
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Figure 7. Changes in the WECC evaluation index through time. (a) Variation in pressure; (b) variation in state; (c) variation in response. 
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Figure 8. Negative influences of human behavior on WECC from 2011 to 2020. (a) Changes in the population per square kilometer; (b) changes in industrial wastewater discharge; (c) changes in industrial discharge of COD. 






Figure 8. Negative influences of human behavior on WECC from 2011 to 2020. (a) Changes in the population per square kilometer; (b) changes in industrial wastewater discharge; (c) changes in industrial discharge of COD.



[image: Sustainability 14 15753 g008]







[image: Sustainability 14 15753 g009 550] 





Figure 9. Correlation coefficients between the regional GDP of the Min River Basin and the percentage of sewage disposal (p = 0.05). 
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Figure 10. Correlation coefficients between the regional GDP of the Min River Basin and the fixed asset investment in urban drainage and sewage treatment (p = 0.05). 
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Figure 11. Percentage of sewage disposal of Min River Basin from 2011 to 2020. 
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Table 1. Details of the screening of the R clustering factor analysis index.
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Target Layer

	
Guideline Layer

	
Indicator Layer

	
Unit

	
Type

	
Whether to Keep






	
A comprehensive evaluation of WECC in the Min River Basin

	
Press

	
population of per square kilometer,    X 1   

	
     10  3  persons /  m 2    

	
–

	
Y




	
number of residents with access to tap water,    X 2   

	
     10  4  persons   

	
–

	
N




	
natural growth rate of the resident population,    X 3   

	
%

	
–

	
N




	
industrial ammonia nitrogen discharge,    X 4   

	
ton

	
–

	
N




	
water consumption of industry,    X 5   

	
     10  8   m 3    

	
–

	
Y




	
per capita water consumption for residential use,    X 6   

	
L

	
–

	
N




	
water consumption in forestry, animal husbandry, fishery, and livestock industry,    X 7   

	
     10  8   m 3    

	
–

	
Y




	
industrial wastewater discharge,    X 8   

	
     10  7  tons   

	
–

	
Y




	
volume of sulfur dioxide emission,   X 9   

	
ton

	
–

	
Y




	
industrial discharge amount of COD,    X  10    

	
     10  4  tons   

	
–

	
Y




	
average water consumption of irrigated acres of farmland,    X  11    

	
    m 3   / acre    

	
–

	
N




	
per capita comprehensive water consumption,   X  12    

	
    m 3   / person    

	
–

	
Y




	

	
State

	
annual precipitation of the administrative area,    X  13    

	
mm

	
+

	
Y




	
dissolved oxygen,    X  14    

	
mg/L

	
+

	
Y




	
permanganate index,    X  15    

	
mg/L

	
–

	
Y




	
ammonia nitrogen,    X  16    

	
mg/L

	
–

	
Y




	
water consumption of 10k CNY of industrial added value,    X  17    

	
    m 3     / 10   4  CNY   

	
–

	
N




	
per capita public green areas,    X  18    

	
    m 2    

	
+

	
Y




	
ratio of green areas to city areas,    X  19    

	
%

	
+

	
N




	
per capita water resources,    X  20    

	
    m 3   / person    

	
+

	
Y




	
water quality standard rate,    X  21    

	
%

	
+

	
N




	
water consumption of 10k CNY GDP,    X  22    

	
    m 3     / 10   4  CNY   

	
–

	
Y




	
the ratio of surface water resources to multi-year average,    X  23    

	
%

	
+

	
Y




	
production capacity of year-end water supply,    X  24    

	
     10  5   m 3   / day    

	
+

	
Y




	
Response

	
fixed asset investment in urban drainage and sewage treatment,    X  25    

	
     10  7  CNY   

	
+

	
Y




	
additional green coverage area,    X  26    

	
     hm  2    

	
+

	
Y




	
percentage of sewage disposal of city,    X  27    

	
%

	
+

	
Y




	
percentage of garbage disposal with standard,    X  28    

	
%

	
+

	
N




	
volume of wastewater treated,    X  29    

	
     10  4   m 3    

	
+

	
Y




	
forest coverage,    X  30    

	
%

	
+

	
Y








Note: In the table, “+” means that the index is conducive to WECC, and “−” means that the index is not conducive to WECC.
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