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Abstract. To study the relationship between the economic system and the water environmental system in 

Beijing, China, this article brought in the concept of “system coupling”, and calculated their coupling 

degree using the co-coordination model. Specifically, the economic system consists of population and 

economic development subsystems; the water environmental system consists of water supply and water 

environmental carrying capacity subsystems. A total of twelve components were chosen, including 

population, water consumption per ten thousand Yuan GDP, etc. Besides, the Structural Equation Model 

(SEM) was innovatively used to analyze the micro-coupling paths among the subsystems. Finally, we 

drew conclusions from the coupling state perspective and coupling paths perspective, respectively. From 

the macroscopic point of view, there are complex interactions between the economic system and water 

environmental system in Beijing, and their coupling degree will increase with the optimization of 

economic structure and advancement in technologies. From the microscopic point of view, there are also 

complex interactions among the four subsystems in Beijing. Especially, the water supply subsystem has a 

certain degree of promotion effect on the other three subsystems. 

Keywords: system coupling, micro-coupling paths, coordination degree analysis, structural equation 

model, pressure-state-response model 

Introduction 

The relationship between environment and economy has been a hot topic in 

academic circles for a long time (Corinne, 2014; Douai et al., 2012; Spach, 2011). As 

most researches focus on the environmental Kuznets curve and Eco-economic system, 

few types of research emphasize the concept of water environment (Van der Ploeg and 

Withagen, 2013; Aldy, 2005). In recent years, some scholars have researched into the 

relationship between the urban economic system and the water environmental system, 

and they concluded that the economic system and the water environmental system are 

the important components of the urban system (Flores et al., 2014; Ahmed et al., 2016; 

Apergis and Ozturk, 2015). On one hand, well-functioned economic system facilitates 

socioeconomic development, as well as brings about water pollution; on the other hand, 

water environmental system provides the water resources necessary for industry 

production and daily life. In addition, facing the pressure from water pollution, it is 

responsible for water purification and decontamination (Ben Jebli et al., 2016). 

In this article, Beijing city is the research area as it is the largest city in the north of 

China. Based on the above-mentioned research results, the Beijing’s urban system is 

composed of an economic system and a water environment system. To study the 
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coupling degree between the economic system and the water environmental system, we 

first divided these systems into four subsystems, each of which consists of several 

sections The economic system consists of population and economic development 

subsystems. The population subsystem consists of gross population section, natural 

population growth rate section and urbanization rate section; the economic development 

subsystem consists of GDP section, water supply investment section and water 

consumption per ten thousand Yuan GDP section. The population subsystem provides 

the labor force capital necessary for the good function of economic development 

subsystem, which will in turn benefit the population subsystem. The water 

environmental system consists of water supply and water environmental carrying 

capacity subsystems. The water supply subsystem consists of the total amount of water 

supply for the whole year, water consumption for industry and water consumption for 

daily life; the water environmental carrying capacity subsystem consists of centralized 

processing rate of sewage, daily sewage treatment capacity and quantity of waste water 

effluent (Kanjilal and Ghosh, 2013; Chen and Xu, 2013). The water supply subsystem 

provides the water resources necessary for the functioning of the social economy, and 

the water environment carrying capacity subsystem absorbs the waste water and sewage 

caused by economic activities. In general, the economic system and water 

environmental system couple with each other and have complex interactions. Figure 1 

is the economic & water environmental system structure diagram of Beijing (Coscieme 

et al., 2016). This article aims to explore the complicated interplay between the 

economic system and the water environment system in Beijing, so as to find out 

practical and theoretical significance. 

 

 

Figure 1. The economic & water environmental system structure diagram of Beijing 

Material and methods 

Data collection 

Beijing is the capital of China, and it is the largest city in the north of the country. 

Located in the north of the North China Plain (E 115.7 ° -117.4 °, N 39.4 ° -41.6 °), 
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Beijing has the jurisdiction over 16 counties, with a total area of 16410.54 km2 and the 

total population of 2170.5 million (2017). Affected by a typical temperate continental 

climate Beijing has an average annual precipitation of 585 mm, and about 76% of the 

precipitation concentrated in the summer (June, July and August, 2017) (Fig. 2). The 

GDP of Beijing in 2015 is 229.66 billion Yuan (Lin et al., 2014). Compared with its 

developed economy, the water resources of this city are relatively scarce. The total 

water resources is 2.676 billion m3 (2015), per capita water resources is only 123 m3. 

Apparently, there is a certain contradiction between economic development and water 

resources supply (Xia et al., 2012). 

The distribution of water system in Beijing is shown in Figure 2. It can be seen that 7 

major river systems are in the Beijing area. 

 

 

Figure 2. Distribution of water system in Beijing 

 

 

In this article, all initial data were obtained from the Beijing Statistical Yearbook 

1997-2013 and Beijing Water Resources Bullet 1997-2013. The total 12 components of 

economic system and water environmental system in Beijing are shown in Table 1. 

 
Table 1. Components of economic system and water environmental system in Beijing 

System Subsystem Component Symbol Unit 

Economic 

system 

Population 

subsystem 

Gross population X1 Ten thousand people 

Natural population growth rate X2 ‰ 

Urbanization rate  X3 % 

Economic 

development 

subsystem 

GDP X4 100 million yuan 

Water supply investment X5 100 million yuan/year 

Water consumption per ten thousand yuan X6 m3 

Water 

environmental 

system 

Water supply 

subsystem 

Total amount of water supply for the whole year Y1 100 million m3/year 

Water consumption for industry Y2 100 million m3/year 

Water consumption for daily life  Y3 100 million m3/year 

Water 

environment 

carrying capacity 

subsystem 

Centralized processing rate of sewage Y4 % 

Daily sewage treatment capacity Y5 10 thousand m3/day 

Quantity of waste water effluent Y6 10 thousand m3/year 



Chen – Chen: Study on the coupling relationship between economic system and water environmental system in Beijing based on 

structural equation model 
- 620 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1): 617-632. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1701_617632 

 2019, ALÖKI Kft., Budapest, Hungary 

Coupling coordination model 

Data pre-processing 

Data were processed using the maximum difference normalization method. 

Evaluation indexes include: output index (Eq. 1), input index (Eq. 2). 
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where i = 1, 2, …, N refers to years, j = 1, 2, …, N refers to parameters, Xij represents 

original values of the parameters, X’ij represents the value after standardization, max(Xj) 

and min(Xj) are the maximum value and minimum value of the parameter, respectively. 

 

Determining index weight using mean square deviation method 

The coefficient of variation CVj was introduced into the mean square deviation 

method to determine index weight. The calculation methods of CVj is shown in 

Equations 3 and 4 show calculation process of weighted value. 
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where CVj represents the coefficient of variation, j represents the standard deviation of 

the jth parameter, jX  and Wj represent mean value and weighted value, respectively. 

 

Calculating comprehensive index between economic system and water environmental 

system 

The comprehensive indexes of economic system f(x) and water environmental 

system g(y) were obtained by multiplying the standardized value of parameters and their 

corresponding weights. The calculation methods of f(x) and g(y) are shown in 

Equations 5 and 6, respectively. 

 

 
1

( )
m

ij x

i

f x X W


  (Eq.5) 

 

 1

( )
n

ij y

i

g y Y W


  (Eq.6) 

 

It should be noted that the standardized value of parameters (X’ij, Y’ij) eliminate the 

influence of the units. Their corresponding weights ( jX , Wj) are expressed as the form 

of rate. Therefore, f(x) and g(y) show no units in Equations 5 and 6. 
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Coordination degree analysis 

The coordination degree reflects how uniform the development of different 

components within a system is, and it can be described as 
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In the above equations (Eqs. 7–9), C represents the coordination degree, k represents 

accommodation coefficient (let k = 2 in this study), T represents comprehensive 

evaluation index of economic system and water environmental system. α and β are 

undetermined coefficients, in this study, let α = β = 0.5 as they are equally important. D 

is the coordinated development coefficient (Ozturk and Al-Mulali, 2015; Ozturk and 

Uddin, 2012). 

 

Structural equation model 

Model principle 

Structural equation model is a multivariate statistical analysis method to validate the 

relationship between independent and dependent variables. Apart from reflecting the 

relationship among latent variables, it can also explore the relationship between latent 

variables and observed variables. Latent variables are those that can not be measured 

accurately and directly, they can be measured with some observed variables indirectly. 

The structural equation model consists of the measurement section and the structural 

section. 

The measurement model (Eqs. 10 and 11) describes the relationship between latent 

variables and observed variables, while the structural model (Eq. 12) reflects the 

relationship among latent variables. 

 

 xx      (Eq.10) 

 

 yy      (Eq.11) 

 

 B       (Eq.12) 

 

where x represents exogenous variables observed vector;  represents exogenous latent 

variable vector; x represents the relationship between exogenous variables and 

exogenous latent variables, and x is the factor loading matrix of exogenous variables 

observed in the exogenous latent variables;  represents the residuals vector exogenous 

observable variables; y is the endogenous observable variable to the amount;  is the 

endogenous latent variable vector; y represents relationship between observation 
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variables and latent variables;  is the residuals vector of endogenous variables 

observed; B and  are the path coefficient relation matrix, B is endogenous latent 

variables,  effects of exogenous latent variables for the endogenous latent variable 

values;  is the error term of structure equation (Rahman et al., 2016). 

 

Model assumptions 

In this study, the Structural Equation Model of Beijing Economic & Water 

Environment System was built based on the following assumptions: 

H1: The water supply subsystem has an impact on the population subsystem; H2: 

The water supply subsystem has an impact on the economic development subsystem; 

H3: The water supply subsystem has an impact on the water environmental carrying 

capacity subsystem; H4: The population subsystem has an impact on the economic 

development subsystem; H5: The population subsystem has an impact on the water 

environmental carrying capacity subsystem; H6: The economic development subsystem 

has an impact on the water environmental carrying capacity subsystem (Su et al., 200). 

Based on the above assumptions, the initial conceptual model of economic & water 

environmental system in Beijing is shown in Figure 3. 

 

 

Figure 3. The initial conceptual model of economic & water environmental system in Beijing 

 

 

Model test 

(1) Reliability test 

Reliability refers to the degree of consistency (stability) of measurement results. The 

currently used method is Cronbach’s α reliability coefficient. Cronbach’s α reliability 

coefficient is currently the most widely used method. Cronbach proposed this new 

reliability test method in 1951. This method compares the results of any item in the 

measurement tool with all other items and makes the internal consistency of the scale 

more cautious. The equation is as follows (Eq. 13): 
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where k is the total number of items in the scale, Si
2 is the variance within the score of 

the i-th question, and S3
T is the variance of the total score of all items. It can be seen 

from Equation 13 that the α coefficient evaluates the consistency between the scores of 

each item in the scale and belongs to the internal consistency coefficient. In general, the 

reliability coefficient of the total scale is preferably above 0.8, acceptable between 0.7 

and 0.8; the reliability coefficient of the subscale is preferably above 0.7, and 0.6~0.7 is 

acceptable. If the Cronbach’s α coefficient is below 0.6, the Structural Equation Model 

(SEM) should be corrected (Baek and Kim, 2013; Xiao et al., 2014). 

 

(2) Goodness of fit evaluation 

The goodness of fit of the model refers to the degree of consistency between the 

theoretical hypothesis model and the observed data. According to the principle of 

parameter estimation of the structural equation model, it refers to the covariance matrix 

∑(θ) and the sample covariance matrix S generated in the estimation. Proximity, a 

viable model should make the difference between S and ∑(θ) as small as possible. 

In general, the commonly used fitting evaluation index has the following three 

categories: (1) Absolute Indices; (2) Relative/Incremental Indices; (3) Parsimony 

Indices (Chai et al., 2011; Costanza et al., 2013). The classification results of fitting 

evaluation index are shown in Table 2. 

 
Table 2. The classification results of fitting evaluation index of structural equation model 
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Results 

The results of the coordinate coordination model 

Based on the coupling coordination degree model built above, we input the related 

data from 1997 to 2013 into Equations 1–9 mentioned above to calculate the coupling 

degree, and the results are shown in Table 3. 

 
Table 3. The results of the coordinated development of economic and water environmental 

systems in Beijing (1997-2013) 

Year 
The comprehensive indexes 

of economic system f(x) 

The comprehensive indexes of 

water environmental system g(y) 

Coordinated development 

coefficient D 

1997 0.1177  0.2268  0.0072  

1998 0.1196  0.2185  0.0071  

1999 0.1625  0.2331  0.0120  

2000 0.1966  0.3357  0.0239  

2001 0.1861  0.4104  0.0277  

2002 0.2379  0.5014  0.0504  

2003 0.2168  0.5069  0.0444  

2004 0.3532  0.5891  0.1102  

2005 0.3797  0.6968  0.1501  

2006 0.4336  0.7053  0.1859  

2007 0.6539  0.7400  0.3649  

2008 0.6603  0.7370  0.3685  

2009 0.7057  0.7607  0.4231  

2010 0.6723  0.7610  0.3937  

2011 0.8801  0.7607  0.5894  

2012 0.9094  0.7684  0.6266  

2013 0.9829  0.7657  0.7011  

 

 

According to the results of data processing in Table 3, the trend of the coordinated 

development coefficient of economic and water environmental systems in Beijing is 

plotted (Fig. 4). 
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Figure 4. The coordinated development coefficient of the economic system and the water 

environmental system of Beijing (1997-2013) 



Chen – Chen: Study on the coupling relationship between economic system and water environmental system in Beijing based on 

structural equation model 
- 625 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1): 617-632. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1701_617632 

 2019, ALÖKI Kft., Budapest, Hungary 

It can be seen from Figure 4 that during 1997 to 2013, the economic system composite 

index increased from 0.1177 in 1997 to the highest value of 0.9829 in 2013. The lowest 

value of water environment index appeared in 1998, the index value was 0.2185, while 

the highest value was 0.7684 appeared in 2012. In general, the relationship between 

Beijing’s socio-economic and its protection of the coordinated development of the water 

environment was good. The degree of coordination between them showed an overall 

upward trend, and the degree of coupling increased continuously. The coefficient of 

coordinated development of the economic system and the water environmental system 

of Beijing increased from the lowest value of 0.0071 in 1998 to the highest value of 

0.7011 in 2013. 

 

The results of the structural equation model 

Assumptions test 

In this paper, Cronbach’s  was used to measure the intrinsic reliability of the data, 

when  > 0.8, it shows that the data has good reliability (Baveye et al., 2013). The 

results of  were obtained by Statistical Product and Service Solutions (SPSS) software 

with the data of 12 indicators from 1997 to 2013 of Beijing (Table 4). 

 

Table 4. The results of Cronbach’s  of structural equation model in Beijing (1997-2013) 

Latent variable 
The number of 

variables 
Cronbach’s  

Reliability 

judgment 

Population subsystem 3 0.956 Yes 

Economic development subsystem 3 0.933 Yes 

Water supply subsystem 3 0.851 Yes 

Water environment carrying capacity subsystem 3 0.982 Yes 

 

 

Calculation of structural equation model 

The 12 indicators data (from 1997 to 2013 of Beijing) were put into the Structural 

Equation Model (SEM)l, and the Maximum Likelihood Estimate method were used to 

estimate the model parameters by AMOS 7.0 software (Table 5). On this basis, the 

paths of the model were corrected according to M.I prompt value and the actual 

situation. Finally, the results of the mode were shown by Figure 5. 

 
Table 5. The summary table of overall model fit test in confirmatory factor analysis of 

structural equation model in Beijing (1997-2013) 

Index name Statistic of test 
Standard or critical 

value of fit 
Test result 

Model fit 

judgment 

Absolute fit indices 

2 /df <3 2.01 Yes 

GFI >0.9 0.906 Yes 

RMR <0.05 0.044 Yes 

RMSEA <0.08 0.076 Yes 

Relative fit indices 

NFI 0.9<NFI<1 0.962 Yes 

TLI 0.9<TLI<1 0.954 Yes 

CFI 0.9<CFI <1 0.949 Yes 

Parsimonious fit indices 
AIC The smaller, the better 292.17 Yes 

CAIC The smaller, the better 245.33 Yes 
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Figure 5. The standardized coefficient model of economic & water environmental system in 

Beijing 

 

 

According to the results shown in Table 5, it can be found that the basic fitness index 

of the structural equation model, such as GFI, NFI, AIC all meet the test standard. The 

results also show that the modified model supports the initial hypothesis, and it has a 

good fitting effect (Spash, 2011). 

The population subsystem has a strong positive influence on the economic 

development subsystem, and its path coefficient is 0.76. It shows that when the amount 

of population increases 1 unit, the corresponding amount of economic development will 

increase 0.76 units. The population subsystem has a strong negative impact on the water 

environmental carrying capacity subsystem, and its path coefficient is -0.62. It shows 

that when the amount of population increases 1 unit, the corresponding amount of water 

environmental carrying capacity will decrease -0.62 units. The water supply subsystem 

has a significant positive effect on the economic development subsystem, and its path 

coefficient is 0.91. Thus, when the value of water supply increases 1 unit, the 

corresponding amount of economic development will increase 0.91 units. The economic 

development subsystem has a significant negative effect on the water environmental 

carrying capacity subsystem, and its path coefficient is -0.98. Thus, when the amount of 

economic development increases 1 unit, the corresponding amount of water 

environmental carrying capacity will decrease 0.98 units. The water supply subsystem 

has a weak positive influence on the population subsystem, and its path coefficient is 

0.48. It shows that when the amount of water supply increases 1 unit, the corresponding 

amount of economic development will increase 0.48 units. The water supply subsystem 

has a weak positive influence on the water environmental carrying capacity subsystem, 

and its path coefficient is 0.32. It shows that when the amount of water supply increases 

1 unit, the corresponding amount of water environmental carrying capacity will increase 

0.32 units. 

Discussion 

In the existing research on system coupling theory, the research involving economic 

system and environmental system often pays attention to the coupling relationship 



Chen – Chen: Study on the coupling relationship between economic system and water environmental system in Beijing based on 

structural equation model 
- 627 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(1): 617-632. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1701_617632 

 2019, ALÖKI Kft., Budapest, Hungary 

between macroeconomics and the whole environment. Representative scholars of this 

research area include Jiang, H., He, J., Wu, Y. and Zhang, Z. Their research rarely 

focuses on a refinement of the water environment (Jiang and He, 2010; Panayotou, 

1995). In this article, we try to focus on the water environment system and highlighted 

the characteristics of the water environment system. In terms of specific research 

content: most scholars have not researched the coupling system from multiple 

perspectives. For example, Liu, Y., Li, R., Song, X. only measure the coupling state of 

the system, and then evaluate the coupling effect of the system. There is a lack of in-

depth study of the micro-coupling paths (Wu et al., 1996; Dinda, 2004). A few scholars’ 

research involves micro-coupling paths by mechanism model only (Liu et al., 2005; Zuo 

and Chen, 2001). And the lack of mathematical analysis of specific coupling paths is a 

common shortcoming in their researches. In contrast, this article explores the system 

coupling law from the two perspectives of macroscopic state and microscopic paths. 

The detailed discussions are as follows: 

 

Discussion of coupling state 

In this paper, we try to divide the coupling state between the economic system and 

water environmental system in Beijing from 1997 to 2013 into 5 different stages. 

According to the classification criteria, the coordinated development coefficient of the 

economic system and water environmental system in Beijing from 1997 to 2013 is 

divided into stages as shown in Table 6 (Chen and Xu, 2014). 

 
Table 6. The classification standard of coordinated development coefficient  

Coordinated development coefficient (D) Standard 

0≤D≤0.1 Serious uncoordinated stage 

0.1<D≤0.3 Uncoordinated stage 

0.3<D≤0.5 Basic coordinated stage 

0.5<D≤0.7 Good coordinated stage 

0.7<D≤1 High quality coordinated stage 

 

 

(1) Serious uncoordinated stage (1997-2003). In the past, the development of water 

conservancy in Beijing has been neglected due to the high attention paid to economic 

growth and urbanization by the State and the Beijing Municipal Government. The city’s 

weak sewage treatment caused serious water pollution. Therefore, the coordinated 

development coefficient of the economic system and the water environmental system in 

Beijing was so low in a very long period of time,. this period was the serious 

uncoordinated stage. 

(2) Uncoordinated stage (2004-2006). In 2004, with the success of China’s accession 

to the WTO and the accelerated adjustment of the national economic structure, Beijing’s 

economic development also ushered in a new opportunity to optimize the economic 

structure. It eliminated high water consumption and high pollution industries. At the 

same time, Beijing increased the investment in water pollution control, its water 

pollution treatment capacity also increased to a certain extent. However, due to the lack 

of investment in water resources, sewage discharge still increased. The coordinated 

development coefficient of the economic system and the water environmental system in 

Beijing was in the uncoordinated stage. 
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(3) Basic coordinated stage (2007-2010). After 2007, with the Beijing Olympic 

Games approaching, the environmental protection of Beijing was imminent. The 

investment in the field of water environmental protection increased rapidly, and the 

adjustment of the industrial structure was also further accelerated. Beijing has 

introduced a large number of advanced sewage treatment technology, thus the daily 

sewage treatment capacity and sewage treatment rate have been greatly improved. 

During this period, the coordinated development coefficient of the economic system and 

the water environmental system in Beijing was in the basic coordinated stage. 

(4) Good coordinated stage (2011-2012). From 2011 to 2012, the construction of 

energy-saving economy in Beijing was increasingly perfect. During this period, 

Beijing’s per capita GDP continued to increase, and investment in water supply 

increased a lot, while the industrial water consumption and domestic water consumption 

remained basically unchanged. The degree of coordination between the Beijing 

economic system and the water environmental system was further improved, and it was 

in a good coordination stage. 

(5) High quality coordinated stage (2013). In 2013, the scientific concept of 

development has been subjected to more attention by all walks of life. Beijing’s 

economic level of urbanization, per capita GDP and many other indicators reached the 

maximum in recent years. At the same time, Beijing’s water pollution treatment 

capacity continued to improve, industrial water, domestic water demand was stable. The 

coordination degree between the Beijing economic system and the water environmental 

system reached the optimal state and was in the stage of high-quality coordination. 

 

Discussion of coupling paths 

(1) Coupling paths of population subsystem 

The population subsystem has a positive impact on the economic development 

subsystem, and the population subsystem has a negative impact on the water 

environmental carrying subsystem. The reason is that, the Beijing’s economic & water 

environmental system is a Pressure-State-Response (P-S-R) system. In this whole 

system, the population subsystem belongs to the “Pressure Part” (P), the economic 

development subsystem belongs to the “State Part” (S), and the water environmental 

carrying subsystem belongs to the “Response Part” (R). The “Pressure Part” (P) 

promotes the “State Part” (S), which is positively affected, while the “Response Part” 

(R) has a feedback effect on the “Pressure Part” (P), showing a negative influence. 

Population growth means the growth of labor and the expansion of the market, thus 

providing the driving force for economic development. In contrast, the domestic sewage 

generated by population growth has no serious burden on the water environment. That 

is, the contribution of population growth to economic development is greater than the 

burden on the water environment. Therefore, the absolute value of the path coefficient is 

0.76 > 0.67. 

 

(2) Coupling paths of economic development subsystem 

The economic development subsystem has a negative impact on the water 

environment carrying subsystem. The reason is that, the Beijing’s economic & water 

environmental system is a Pressure-State-Response (P-S-R) system. The economic 

development subsystem belongs to the “State Part”(S), while the water environmental 

carrying subsystem belongs to the “Response Part”(R). The “Response Part”(R) has a 
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feedback effect on the “State Part”(S), showing a negative influence. Thus, if the 

shortage of water supply appears, it will hinder economic development. 

 

(3) Coupling paths of water supply subsystem 

The water supply subsystem has a positive impact on the population subsystem, and 

the water supply subsystem has a positive impact on the economic development 

subsystem. Meanwhile, the water supply subsystem has a positive impact on the water 

environment carrying subsystem. The same reason is that, the Beijing’s economic & 

water environmental system is a Pressure-State-Response (P-S-R) system. In this whole 

system, the population subsystem belongs to the “Pressure Part”(P), the economic 

development subsystem and water supply subsystem belong to the “State Part”(S), and 

the water environmental carrying subsystem belongs to the “Response Part”(R). The 

“State Part”(S) has a feedback effect on the “Pressure Part”(P), showing a negative 

influence. The “Pressure Part”(P) promotes the “State Part”(S), which is positively 

affected. And the “State Part”(S) also promotes the “State Part”(S), which is positively 

affected. Therefore, all three coupled paths show positive effects. Moreover, the water 

resources of the water supply subsystem can provide the necessary resource elements 

for economic development firstly (Barrieu and Fehr, 2014; Wesseh and Lin, 2013). 

Obviously, the abundant water resources and the developed economy work together to 

create a livable environment, on the basis of which to promote population growth. It 

cannot be ignored that abundant water supply can also reduce the pollution of the water 

environment. Therefore, the contribution of water supply to economic development is 

greater than the promotion of population growth, and the improvement of water supply 

to water environment pollution is less than the promotion of population growth. Thus, 

the result of the absolute value of the path coefficient shows 0.91 > 0.58 > 0.33. 

 

(4) Coupling paths of water environmental carrying subsystem 

The coupling paths of water environmental carrying subsystem are embodied in the 

above 3 coupling paths. Thus, the coupling path of water environmental carrying 

subsystem will not be discussed again in this paragraph. 

Conclusions 

(1) From the macroscopic point of view, the economic system and water 

environmental system couple with each other and have complex interactions. With the 

optimizing of economic structure and advancing in technologies, the coupling degree 

would increase between the two systems. 

At the early development stage of Beijing, more emphasis was placed on the increase 

in economy, leading to unbalanced development with heavy pollution and higher energy 

consumption, and causing great pollution to the ecology, especially to the water 

environment. In this stage, the economic system and the water environment system had 

lower coupling degree. With the optimization of the economic structure and the 

development of energy-saving economy, development in a scientific and sustainable 

way is more and more valued, and the coupling degree is getting higher while the 

development is getting more balanced. 

(2) From the microscopic point of view, there are complex coupling paths among the 

population subsystem, economic development subsystem, water supply system and 
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water environmental carrying capacity subsystem. Besides, these four subsystems 

influence each other. 

The water supply subsystem has a certain degree of promotion effect to the other 

three subsystems, thus the city’s development can be promoted effectively through 

improving the level of water supply. Similarly, the population subsystem plays a critical 

role in promoting the economic development subsystem. Thus it can be concluded that 

accelerating urbanization is an effective way to promote economic development. On the 

contrary, the water environmental carrying capacity subsystem is strongly obstructed by 

the economic development subsystem and the population subsystem. Therefore, the 

development of the city should be in accordance with its corresponding water 

environment carrying capacity. 
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