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Abstract

As the key source for freshwater resources, urban rivers are essential for human survival and urban 
socio-economic development. Recently, the functions of urban rivers have been damaged by increasing 
human activities. A better understanding of the health state of urban rivers is the basis of sustainable 
urban planning. To this purpose, this research took the Jinshui River as a research area. An indicator 
system for urban river health evaluation was first established using the driving force-pressure-state-
impact-response (DPSIR) framework. The health state of the Jinshui from 2008 to 2017 was then 
assessed based on the urban river health index, which was calculated by the improved fuzzy matter-
element extension model. The results show that the overall health status of the Jinshui has improved, 
from its unhealthy state in 2008-2016 to a sub-healthy state in 2017. Corresponding response measures 
have achieved certain results, which have led to an improvement in the health state of the river. However, 
its health still faced many problems, including pressure from a rapid urbanization rate and population 
density, a large amount of sewage discharge, and serious water pollution. In general, the health of the 
Jinshui was still on the low side. Therefore, to ensure sustainable water environment in the region, it is 
necessary to further govern the water environment and improve the health status of urban rivers. This 
research can help government easily understand an urban river’s health state and formulate effective 
measures in the future.
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Introduction

An urban river has an important value in human 
survival, since it can provide water resources for 
domestic life, industrial production and agricultural 
irrigation [1]. An urban river plays an important role 
in social and economic development. Unfortunately, 
along with large-scale urbanization and rapid 
industrialization, the health problems of urban rivers 
are increasingly prominent, which are mainly caused 
by human activities such as uncontrolled sewage 
discharge, unlimited water use, and sewage discharge 
[2-3]. The decline in ecological and social services 
functions of urban rivers has brough a serious negative 
impacts on the social sustainable development [4].  
To improve the comprehensive function of an urban 
river and take protective measures more accurately, 
many government organizations and other stakeholders 
have begun to pay attention to evaluate a river’s health 
[5-6]. The diagnosis of an urban rivers’ health is the 
first step in the protection of urban rivers. Thus, it is of 
great practical significance to seek scientific evaluation 
methods to identify the health problems of urban rivers 
for urban sustainable development.

River health refers to a good good and stable state in 
which river’s ecological functions and natural functions 
are not affected and can ensure socio-economic 
sustainable development [7]. Recently, two kinds of 
river health assessment methods have been popular. One 
is the biological monitoring method, which evaluates the 
river state by comparing the river’s biological elements 

with or without human activity [8-10]. For example, 
the habitat evaluation of short rivers, with aquatic 
organisms as the object of assessment, was developed by 
the United States Environmental Protection Agency [11]. 
A comprehensive evaluation methodology was used by 
the Federal Water Unit of Germany to evaluate habitats 
for various types of rivers [12]. The River Invertebrate 
Prediction and Classification System (RIVPACS) was 
developed by the British Freshwater Ecology Institute 
to assess river health [13]. The other approach is the 
integrity index method, which is based on hydrology, 
ecology, socio-economic information and more [14-
16]. Xu et al. evaluated the Luanhe River’s health state 
using the River Health Integrated Index [17]. Liu et al. 
developed an integrated index system to evaluate river 
health [18]. Yu et al. analyzed the river health state in 
an urbanized area by establishing the eco-hydrological 
indicators [19]. These integrity index methods that 
combine corresponding indicators with their own 
models can accurately evaluate river health.

These evaluation methods provide a reference for 
the evaluation of urban river health [20-22]. However, 
current studies about the evaluation of river health have 
some limitations. Some studies neglect the influence of 
human intervention on river health. Healthy rivers not 
only meet the functions of their own ecosystems, but 
also have the social service functions of water supply, 
water drain, and transportation. The rapid economic 
development and unsuitable human construction 
behaviors exert great pressure on urban rivers, which 
may lead to the development of river health toward an 

Fig. 1. Framework of the methodology in urban river health assessment.
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unfavorable direction. For this issue, a series of measures 
have been taken by local government organizations to 
protect the water ecological environment. Both positive 
and negative human intervention have an important 
impact on urban river health. But the two main methods 
for river health assessment ignore the positive human 
efforts to restore urban rivers. This neglect of positive 
human efforts in the process of assessing river health 
will lead to unscientific assessments and hinder the 
protection of urban rivers. Thus, it is necessary to 
make a full diagnosis of urban rivers health status by 
comprehensively considering the rivers’ natural and 
social service functions, and the effects of human 
factors on river health.

To this purpose, first we established an indicator 
system for urban river health assessment according to the 
driving force-pressure-state-impact-response (DPSIR) 
framework.  Secondly, we developed a comprehensive 
indicator that can reflect the health status of urban 
rivers, that is, urban River Health Index (RHI). can 
be determined by the improved Fuzzy Matter-Element 
Extension (FMEE) model. Finally, taking Jinshui River 
as a study case, we assessed the urban river health state. 
The current study can provide a basic reference for 
integrated urban river governance and protection.

Material and Methods

In this study, a systematic framework was developed 
to evaluate the health state of an urban river. The 
main steps of the research framework are as follows: 

(1) identifying the research region; (2) building the 
quantitative indicators system; (3) collecting the 
indicator data; (4) establishing the assessment model; 
(5) evaluating the health state; and (6) formulating 
the management measures. The framework of the 
methodology in urban river health assessment is shown 
in Fig. 1.

Study Area

The Jinshui River is located in Zhengzhou city, 
which is one of the main flood channels in Zhengzhou, 
Henan Province, China (Fig. 2). It originates from 
Meishan Mountain to the southwest and finally  
flows into the Jialu River. In total, the Jinshui is 
approximately 22.57 kilometers in length, and the width 
ranges from 3 to 7 meters. The Jinshui has a basin area 
of 102.4 square kilometers. 

The average temperature of Jinshui River is 15.6 
degrees Celsius, with a hot and dry summer and a cold 
and wet winter. As the oldest river in Zhengzhou, the 
Jinshui has a history of more than 1,000 years. It passes 
through Zhengzhou and flows from west to east. At 
present, the middle and lower reaches of the Jinshui are 
in Zhengzhou, and the upper reach is in the suburbs.

Constructing an Indicator System

The driving force-pressure-state-impact-response 
(DPSIR) framework was first proposed by the European 
Environmental Agency (EEA), which is widely used 
for analyzing environmental problems [23-24]. This 
framework evolves from the Pressure-State-Response 
(PSR) and Driving Force-State-Response (DSR) models, 
and has the advantages of flexibility, comprehensiveness, 
and integrity [25]. It includes natural, social and 
economic information and reflects the causal relationship 
between environmental health and a series of human 
activities at different scales. The DPSIR framework 
includes five subsystems: driving force, pressures, 
state, impacts, responses, which explores the interaction 
between humans and the environment [26-27]. 

The DPSIR framework of urban river health 
assessment fully reflects the internal motive force of 
regional economic development, pressures on urban 
rivers caused by social and economic development, the 
maintained state of the urban river, impact of urban 
river state to society, economy, and environment, and 
the human response. The DPSIR model framework 
of urban river health assessment is used to understand 
relationships and interactions between water 
environment and human activities in order to analyze the 
health status of the urban river. The DPSIR framework 
is shown in Fig. 3. 

According to the DPSIR framework, the indicator 
system for urban river health evaluation is constructed. 
According to the related research findings [17,  
28-33], the 24 evaluation indicators are determined 
in this study. Among them, the indicators (D1-D3) of Fig. 2. Location of the Jinshui River.
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the driving force subsystem are mainly selected from 
the situation of regional urbanization. The indicators  
(P1-P5) of the pressure subsystem are mainly determined 
from the three aspects of economic development, 
water consumption and pollutant discharge in the 
area. The indicators (S1-S6) of the state subsystem are 
mainly selected based on the water environment state 
of an urban river. The indicators (I1-I4) of the impact 
subsystem are mainly determined from the effect of 
regional urbanization on river water resources. The 
indicators (R1-R6) of the response subsystem are mainly 
set from the corresponding protective measures taken 
by humans. As the health state of an urban river is not 
static and unchanged, determining the health grade for 
each indicator in the indicator system is needed. It is 
the standard for the health evaluation of an urban river. 
In this study, the grade standard of each indicator is 
determined based on the existing studies [34-37]. The 
indicator system for urban river health evaluation and 
the grade standard classification are shown in Table 1. 

In the driving force subsystem, GDP growth rate 
(D1) reflects the internal force of economic development 
and environmental change; urbanization rate (D2) 
and population density (D3) reflect the internal force 
of regional development. In terms of the pressure 
subsystem, household water consumption (P1) reflects 
the pressure of domestic water consumption on an 
urban river; water consumption of industrial output 
(P2) reflects the pressure of economic development 
on urban river water resources; water consumption 
of agricultural output (P3) reflects the pressure of 
agricultural development on urban river water resources; 
COD emission (P4) and sewage discharge (P5) reflect 
the pollution discharge pressures on an urban river. 
Among the state subsystem, riparian vegetation 
coverage rate (S1) reflects the water environmental state; 
bank stability (S2) reflects the short-term state of the 
river slope protection; water quality compliance rate 
(S3) reflects the water quality state of the urban river;  
the phytoplankton Shannon index (S4) reflects the water 

quality state of the urban river; and the flood control 
guarantee rate (S5) and water supply guarantee rate 
(S6) reflect the social service function of the urban 
river. In the impact subsystem, rate of ecological water 
consumption (I1) reflects the impact of river water 
resources on the ecological environment; water resources 
amount per capita (I2) reflects the impact of river water 
resources on status of water resources amount per 
capita; and annual runoff (I3) and rate of standard river 
length (I4) reflect the impact of river water resources 
on water environment. In the response subsystem, 
wastewater treatment rate (R1) reflects the capacity of 
sewage treatment; rain and sewage diversion rate (R2) 
reflects the separation degree of rainwater and sewage; 
wetland preservation rate (R3) reflects the capacity of 
wetland protection; green space construction rate (R4) 
reflects the capacity of river ecological restoration; 
construction rate of ecological embankments (R5) 
reflects the strength of urban ecological restoration; and 
rate of river governance investment to GDP (R6) reflects 
the capacity of investment to urban river governance.

Data Sources

The indicator data related to social economy comes 
from Zhengzhou Statistical Yearbook (2008-2017) 
published by the Zhengzhou Statistics Bureau. The 
indicator data related to river water environment and 
hydrology is obtained from the River Basin Management 
Department of Zhengzhou City, Zhengzhou Water 
Resources Bulletin and Statistic Yearbook on the 
Environment (2008-2017). The sources of the indicators 
are shown in Table 2.

Improved Fuzzy Matter-Element 
Extension Model

Extenics is the basis of the FMEE model, which 
was first proposed by Cai Wen in 1983 [41]. The 
fuzzy matter-element analysis combines extenics with 
fuzzy mathematics to solve the incompatible complex 
problems in multi-indicator assessment [17]. The 
FMEE method is often used to assess environmental 
quality [42-43]. Urban river health is a complex 
and relative fuzzy concept, and the classification 
standards of the evaluation indicators are not the same.  
The FMEE method is considered to deal with 
incompatibility among the indicators. In the FMEE 
model, the weight value represents the relative 
importance degree of each assessment indicator in urban 
river health. As a method of objectively determining 
weights, the entropy method relies on mathematical 
theory to calculate the index weights. It can directly 
use the indicator value to calculate the weight, which 
effectively reflects the importance of the indicator [44-
45]. An urban river can be assessed using the improved 
FMEE extension model. Steps of this model are as 
follows [17, 42-43]:

Fig. 3. DPSIR framework of urban river health assessment.
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(1) Calculate the indicator weight using the entropy 
method 

(a) Non-dimensionalization data processing   
Given the evaluation standards of indicators are 

inconsistent, it is necessary to convert the indicator 
values to dimensionless values, using the following 
normalization formula:

Positive indicators:            
{ } { } { }( min ) / (max min )ij ij i i it x x x x= − −      (1)

Negative indicators:           
{ } { } { }(max ) / (max min )ij i ij i it x x x x= − −      (2)

The proportion of the indicator i in year j: 
  

1
/

n

ij ij ij
j

r t t
=

= ∑
                            (3)

…where tij is the normalized value of xij, i = 1,2,..., m, 
i = 1,2,..., n and rij is the proportion of the indicator xij. 

(b) Determine the information entropy: 

1

1 ln
ln

n

i ij ij
j

H r r
n =

= − ∑
                    (4)

…where Hi is the information entropy of xi.
(c) Calculate the indicator entropy weight.

           (5)

…where wi is the entropy weight of xi.
(2) Establish the fuzzy matter-element of urban river 
health evaluation

According to matter-element analysis theory, 
any object to be evaluated can be represented by 
subject name (S), assessment characteristics (C), and 
measurement values (x). Therefore, the fuzzy matter-
element of urban river health evaluation S can be 

represented by assessment characteristics C1, C2,..., Cm,  
with measured values x1, x2,..., xm . refers to the number 
of the assessment characteristics C. The evaluation 
matrix R of urban river health is:

     (6)

…where S represents the urban river health state 
and xij represents the measured value of assessment 
characteristics C.
(3) Determine the classical field RP

(7)

…where Xi represents the critical threshold (aiP, biP) of 
the i indicator, that is, the classical field. 
(4) Determine the limited field RM

          
(8)

…where SQ refers to the overall health state of the 
urban river; XiQ is the value range of the corresponding 
indicator c1; aiQ and biQ  represent the minimum value 
and the maximum value of the indicator c1.
(5) Determine the improved correlation degree function

The correlation degree function of the traditional 
FMEE model is segmented, and it is inconvenient to 

Table 2. Sources of the indicators.

Indicator Source

GDP growth rate (D1); Urbanization rate (D2); Population density (D3); Green space con-
struction rate (R4); Rate of river governance investment to GDP (R6).

Zhengzhou Statistical Yearbook 
(2008–2017) [38]

Household water consumption (P1); Water consumption of industrial output (P2); Water 
consumption of agricultural output (P3); COD emission (P4); Sewage discharge (P5); Rate 

of ecological water consumption (I1); Water resources amount per capita (I2); Annual runoff 
(I3); Wastewater treatment rate (R1).

Zhengzhou Water Resources Bulletin 
(2008-2017) [39]

Wetland preservation rate (R3); Construction rate of ecological embankments (R5). China Statistic Yearbook on 
Environment (2008-2017) [40]

Riparian vegetation coverage rate (S1); Bank stability (S2); Water quality compliance rate 
(S3); Phytoplankton Shannon Index (S4); Flood control guarantee rate (S5); Water supply 

guarantee rate (S6); Rate of standard river length (I4); Rain and sewage diversion rate (R2).

River Basin Management Department 
of Zhengzhou City
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calculate the correlation degree of each indicator. In 
addition, when the measured value of the indicator 
exceeds the range of the limited field, the correlation 
degree function of the traditional FMEE model cannot 
be used to calculate the correlation degree. In order 
to solve the above problems, an improved correlation 
degree function is defined. The correlation function can 
be expressed as follows [46]:

1 1( ) ( )
2 2( )=

( )( )

iP iP i iP iP

ij ij
iP iP iQ iQ

b a x b a
k x

b a b a

− − − +

− −          (9)

In the expression, aiP and biP represent the lower and 
upper limits in the evaluation level P, respectively [17].  
(6) Calculate the RHI

uRHI can be obtained according to the entropy 
weight of the indicator and the relation degree 
matrix. The RHI of urban river health assessment in 
the present study can be calculated by the following 
formula:

1
= ( )

m

i ij ij
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…where RHI is the integrated index of urban river 
health; RHIz represents the corresponding subsystem 
integrated index, z = 1, 2, , 3, 4, 5; kijz and wiz represent 
the relation degree and the weight of the corresponding 
subsystem indicators, respectively; and y refers to the 
number of corresponding subsystem indicators.
(7) Criterion of RHI

The health state standard threshold of RHI can be 
obtained by the improved FMEE method, as follows: 

          (12)

According to this model, the standard classification 
of urban river health assessment was obtained, as shown 
in Table 3.

Results and Discussion

Results of Entropy Weight

According to Eqs (1)-(5), the weights of indicator 
system are obtained. The weight results of the indicator 
system are shown in Table 1. These five subsystems were 
ranked by their weight values (from highest to lowest) 
in the following way: response subsystem (24.94%) > 
pressure subsystem (24.03%) > state subsystem (21.71%) 
> impact subsystem (16.65%) > driving force subsystem 
(12.67%). These results show that the response 
subsystem has the largest weight value, which means 
that the positive response subsystem taken by the local 
government and NGOs has the greatest influence on 
the improvement of the health state of urban rivers. In 
addition, the pressure subsystem also plays a major role 
in the health state of the Jinshui River, with a weight of 
24.03%. In comparison, the weight value of the driving 
force (12.67%) subsystem is the smallest, which implies 
that the driving force subsystem has a minimal effect on 
the health level in the Jinshui. 

In terms of indicator layer, the indicators of water 
consumption of industrial output (5.18%), household 
water consumption (5.20%), and sewage discharge 
(5.23%) are considered to exert the greatest influence 
on an urban river. These indicators all come from the 
pressure subsystem, meaning that household water 
consumption (P1), water consumption of industrial 
output (P2), and sewage discharge (P5) are the main 
sources of pressure on urban river health. These findings 
are consistent with the status quo, and suggest that 
in the process of urbanization in Zhengzhou and its 
rapid industrialization has brought greater pressure on 
urban rivers. Wastewater treatment rate (R1), rain and 
sewage diversion rate (R2) are considered to have the 
greatest influence on the response subsystem, a finding 
that emphasizes the importance of water environment 
restoration. The results of this study indicate that more 
attention should be paid to the response and pressure 
subsystems in protecting an urban river.

Comprehensive Evaluation of Urban 
River Health

According to Eqs (6) – (11), the results of RHI in the 
Jinshui from 2008 to 2017 were obtained. The results 
of RHI in the Jinshui are shown in Table 4. The health 
status of the Jinshui from 2008 to 2017 was diagnosed, 
which was determined by comparing the RHI of the 
river with the standard RHI.

The change trend of RHI in the Jinshu is provided 
in Fig. 4. Overall, except in 2011, RHI showed an 

Table 3. Classifications of urban river health.

Assessment level Very sick Sick Unhealthy Sub-healthy Healthy

RHI 0 (0,0.312) [0.312,0.631) [0.631,1) 1
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increasing trend from 0.32 in 2008 to 0.634 in 2017. This 
suggests that the health state of the Jinshui significantly 
improved between 2008 and 2017. The Jinshui was in an 
unhealthy state from 2008 to 2016, and in a sub-healthy 
state in 2017. In 2011, the value of RHI displayed a 
declining trend, which means that the health state in 
2011 had declined. It is worth noting that the value of 
RHI has shown a clear growth trend in 2012. This is 
largely due to the water environment management 
department in Zhengzhou City increasing investment in 
water environmental governance in 2012. In the same 
year, the government implemented the corresponding 
measures of urban river governance and restoration. The 
emphasis of the local government on water environment 
governance plays an important role in improving the 
health status of urban rivers. However, the sub-healthy 
state means that the urban river cannot meet the basic 
needs for sustainable development.

Evaluating a Different Subsystem 

The values of RHI in the five subsystems are 
calculated for the period of 2008-2017, which are listed 
in Table 4. The trends of the five subsystems’ RHIs in 
the Jinshui are shown in Fig. 5, which demonstrates the 
health state of the five subsystems, showing an overall 
increasing trend during the surveyed period. Our 
analysis took five subsystems into account, examining 
the health states of driving force, pressure, state, impact 
and the response subsystems.

Although the urban river health index of driving 
force subsystem RHId in the Jinshui showed a slightly 
declining trend, the downward trend is not clear. Overall, 
the driving force subsystem in the Jinshui remained  
a sub-healthy state from 2008 to 2017. It is worth 
nothing that the RHID value displayed a clear decline 
in 2017, with the lowest RHId, which implies that the 
healthy state of the driving force subsystem deteriorated 
in 2017.

As shown in Fig. 5, the urban river health index 
of pressure subsystem RHIP value in the Jinshui has 
experienced large fluctuation. It initially increased 
slightly, subsequently clearly decreased from 2010 to 
2011, and finally rose from 2011 to 2017. This means 
that the health state of the pressure subsystem has 
fluctuated over the past decade. The health state of the 
pressure subsystem was in an unhealthy state from 
2008 to 2016 and in a sub-healthy state in 2017. This 
fluctuation is mainly attributed to the increased pressure 
on river health from urban development in 2011. As a 
whole, the values of RHIP showed an upward trend from 
2008 to 2017. The overall health level of the pressure 
subsystem has improved; however, it was still low. It is 
mainly due to the great pressure brought by the rapid 
development of the socio-economy and continuous 
accelerated urbanization in Zhengzhou.

The urban river health index of state subsystem RHIS 
showed a clear upward trend from 0.362 in 2008 to 0.81 
in 2017. The state subsystem was in an unhealthy state 
from 2008 to 2012, and then increased to a sub-healthy 
state in 2013-2017. This represents that the health state of 
the state subsystem of the Jinshui has improved. We can 
infer that the health state of this subsystem may become 
better in the next few years. In general, the health states 
of the ecological and social services functions have 
improved in the Jinshui.

Fig. 5 reveals an overall increasing trend in the  
health level of an impact subsystem during the period 
2008-2017. In the past 10 years, the urban river health 
index of impact subsystem RHIi in each year showed 
different degrees of increase. The health state of the 
impact subsystem was in a sick state in 2008 before 
rising to an unhealthy state from 2009 to 2015, and 
finally reaching a state of sub-healthy from 2016 

Table 4. Results of RHI in the Jinshui River from 2008 to 2017.

System
RHI

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

D 0.7616 0.8012 0.7877 0.7918 0.7956 0.7989 0.7744 0.8070 0.8066 0.7417

P 0.4339 0.4354 0.4417 0.3722 0.4394 0.5423 0.5574 0.5534 0.5551 0.6423

S 0.3621 0.4410 0.4827 0.4989 0.5870 0.6421 0.6848 0.7229 0.7770 0.8107

I 0.3071 0.4450 0.4864 0.5010 0.5169 0.5722 0.5843 0.6181 0.6295 0.6729

R 0.1686 0.2159 0.2335 0.3057 0.3638 0.4301 0.4794 0.6030 0.6326 0.6723

DPSIR 0.3205 0.3559 0.3846 0.3781 0.4318 0.4882 0.5182 0.5680 0.5953 0.6341

Fig. 4. RHI trends in the Jinshui River.
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onwards. This indicates that the impact subsystem is 
trending in a more healthy direction.

Fig. 5 shows that we can see that the urban river 
health index of response subsystem RHIr has experienced 
a large increase. The health state of the response 
subsystem varied greatly, ranked as being in a sick state 
from 2008 to 2011 before rising to an unhealthy state 
from 2012 to 2015, and finally maintaining a sub-healthy 
state in 2017. In 2016, Zhengzhou began to implement 
urban construction of ecological civilization, and 
carried out large-scale environmental governance and 
rectification of 9 major rivers around the city. 2016 From 
the trends of the RHIr, we can infer that the response 
measures are gradually making urban rivers healthier.

Evaluating Different Indicators

The indicators of urbanization rate (D2) and 
population density (D3) have an important impact on 
the health state of the driving force subsystem. They 
are all negative indicators, whereby the lager the value, 
the worse the river health state. Fig. 6. shows the trends 
of the two indicators in the driving force subsystem 
from 2008 to 2017. The indicator values of urbanization 
rate (D2) and population density (D3) showed a steady 
growth trend from 2008 to 2017. As the main negative 

influence indicators, the rising indicator values means 
that the accelerated urbanization and increased 
population brought a greater burden on the Jinshui in 
Zhengzhou, which has led to a decline in the health 
state of the driving force state.

The indicators of household water consumption (P1) 
and sewage discharge (P5) have an important impact on 
the health state of the pressure subsystem. Fig. 7. clearly 
shows the trend of the change in the key indicators in 
the pressure subsystem from 2008 to 2017. The pressure 
subsystem basically was still low during the studied 
period for two main reasons: 
1) Household water consumption (P1) showed a 

downward trend of fluctuation, but the health status 
of this indicator was not significantly improved. 
Specifically, household water consumption (P1) was 
in an unhealthy state from 2008 to 2010, while this 
indicator was in a very sick state from 2011 to 2012, 
followed by an unhealthy state from 2013 to 2017. 
The indicators of household water consumption (P4) 
reflect the pressure exerted by the higher demand for 
water due to domestic life. 

2) The low health state of the pressure subsystem mainly 
due to the rapid industrialization and urbanization 
of these regions, which mainly rely on high water 
consumption and high-polluting industries. For 

Fig. 5. RHI trend in five subsystems.

Fig. 6. Change trends of the key indicators in the driving force subsystem.
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example, the indicator of sewage discharge (P5) 
always was in a very sick state from 2008 to 2017. 
The indicator values of sewage discharge (P5) 
were much higher than its health standards in the 
investigated period. A great amount of wastewater 
brought by industrial development added the burden 
on the Jinshui. 
The indicators of riparian vegetation coverage 

rate (S1), bank stability (S2), flood control guarantee 
rate (S5), and water supply guarantee rate (S6) have a 
positive effect on the health state of the state subsystem. 
According to the characteristics of the indicators, they 
are positive indicators. The larger the indicator value, 
the healthier the state subsystem. The trends of the key 
indicators in the state subsystem from 2008 to 2017 are 
shown in Fig. 8. The health level of the state subsystem 
has improved in the Jinshui during the studied period 
for the following three reasons:
1) The indicator for riparian vegetation coverage 

rate (S1) displayed an upward trend of fluctuation, 
indicating an improved health state. Given that 

covered riparian vegetation can help improve the 
ability of a river to conserve water, the increasing 
indicator value of riparian vegetation coverage rate is 
considered to have a positive impact on river health. 

2) Bank stability (S2) shows a clear and continued rate 
of growth, meaning an improved health state from 
a sick state to a healthy state. The stability of the 
river bank ensures the longitudinal continuity of the 
river. The increased bank stability is one of the main 
reasons for improved river health. 

3) In terms of the social service function of an urban 
river, the indicator values of the flood control 
guarantee rate (S5) and water supply guarantee 
rate (S6) have been steadily increasing. The former 
indicator increased from a sub-healthy state to a 
healthy state, and the latter indicator increased from 
an unhealthy state to a healthy state. Flood control 
and water resources supply are the main social 
service functions of an urban river. The improved 
health state of the flood control and water supply  
can help ensure the effective functioning of the river 

Fig. 7. Change trends of key indicators in the pressure subsystem.

Fig. 8. Change trends of the key indicators in the state subsystem.
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social function. 
The health state of the impact subsystem is directly 

affected by the indicators of annual runoff (I3) and rate 
of standard river length (I4). They are positive indicators. 
The trends of the two indicators in the impact subsystem 
from 2008 to 2017 are shown in Fig. 9. By observing the 
indicator values of annual runoff (I3), it’s not difficult 
to see that the amount of runoff was increasing, which 
contributes to the improved health state of the impact 
subsystem. In addition, the indicator of the rate of 
standard river length shows an upward trend during 
the period 2008-2017. The rate of standard river length 
rose from 50% in 2007 to 80% in 2017; the health level 
changed from the sick state to the sub-healthy state in 
the past decade. The increase in the annual runoff and 
standard river length result in an improvement in the 
health status of the impact subsystem.

The indicators of wastewater treatment rate (R1), 
rain and sewage diversion rate (R2) have important 
effects on the health state of the response subsystem. 
According to the nature of these two indicators, the 
bigger the indicator value, the healthier the response 
subsystem. The trends of the two indicators in the 
response subsystem from 2008 to 2017 are shown in  
Fig. 10. The health level of the state subsystem has 
improved in the Jinshui during the studied period 
for the following reasons. The indicator values of the 
wastewater treatment rate (R1) and rain and sewage 
diversion rate (R2) showed a clear trend of growth. 
The early wastewater treatment and rain and sewage 
diversion rate were lower than the healthy level. 
However, along with the continuous development of 

advanced technology, the values of the two indicators 
were increasing in the later period, reaching a healthy 
state in 2017. The increased values of the two indicators 
contribute to the improvement of water quality. The 
increase in the two indicator values mean that the 
response measures of water ecological restoration in the 
river have been effective.

Enlightenment for Urban River Management

From the comprehensive evaluation results, it 
can be seen that both the overall health level and the 
subsystems’ health state in the Jinshui have improved 
during the surveyed period. However, the overall 
health level is not high, and there is much room for 
improvement. To improve the health state of an urban 
river, integrated river basin management measures 
should be implemented by considering the DPSIR 
framework as the management factors. 

According to the research findings, a policy 
guarantee system should be developed to support 
for the sustainable development between the urban 
economy and water environment protection. Moreover, 
the local government should focus on releasing the 
urban river’s pressures. Given that sewage discharge 
has had an important effect on the pressure subsystem, 
the government can increase industrial water pollution 
control investments to control sewage discharge, 
thereby reducing the pressure of wastewater discharge 
on the river water environment. Also, by limiting the 
discharge of sewage to rivers and conducting river 
sewage interception projects to reduce the pressure of 

Fig. 9. Change trends of the key indicators in the impact subsystem.

Fig. 10. Change trends of the key indicators in the response subsystem.
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severe water environmental pollution on urban river 
health. In addition, the government can further increase 
investment to build green space, improving the health 
state of aquatic plants habitats and maintaining the 
stability of river ecosystems. As the rain and sewage 
diversion has a positive impact on the improvement of 
river water quality, it is necessary to further introduce 
advanced water environment governance technology 
and sewage treatment facilities in the process of 
urbanization development.

Conclusions

In view of the important role of urban rivers in 
human survival and economic development, it is 
necessary to develop urban river health assessment 
methods to provide a reference for sustainable urban 
planning. This paper assessed the health state of the 
Jinshui River from 2008 to 2017 based on the DPSIR 
framework and the improved FMEE model. Overall, the 
health status of the Jinshui has improved from 2008 to 
2017. The river was unhealthy from 2008 to 2016, and 
in a sub-healthy state in 2017. From the perspective 
of each subsystem, the health levels of pressure, state, 
impact and response subsystems show an upward trend 
and have developed in a healthier direction, while the 
driving force subsystem has shown a downward trend. 
In general, the overall health level of the River is still 
low, and there is much room for improvement.

In conclusion, in the process of sustainable 
development in Zhengzhou, the government needs 
to continue to improve the health of the River. The 
urban river assessment method combining the DPSIR 
framework and the entropy FMEE model has a high 
application value. It can display the sources of driving 
force and pressures on the water environment, the 
factors of impact, and the effectiveness of the response 
measures, which can provide policy makers with a 
useful reference for river protection. This assessment 
methods provide more comprehensive technical support 
for urban rivers’ protection and restoration.
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