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Abstract: The rapid development of urbanization and industrialization brings a series of problems 
of environment governance, and several basins are facing huge pressure. This paper selects the 
Taihu basin in the Yangtze River Delta of China as the study area, establishes the DPSIR model to 
measure the water environment governance performance of the region (𝐶௝), analyzes the causes of 
changes in the five subsystems (the governance performance of the subsystems is recorded as 𝐶ଵ௝, 𝐶ଶ௝, 𝐶ଷ௝, 𝐶ସ௝, 𝐶ହ௝), and uses the diagnostic model to identify the barrier factors that restrict the 
improvement of 𝐶௝ in the last 5 years. The results show that during the study period，𝐶ଵ௝ of the 
driving force subsystem generally tends to increase and maintains a steady growth, which is closely 
linked to economic growth in the basin; 𝐶ଶ௝ of the pressure subsystem increases with a small fluc-
tuation, and the pollution generation still needs attention; in the state subsystem, 𝐶ଷ௝ shows a large 
fluctuation, and varies significantly in a cyclical manner, corresponding to the short maintenance 
time and repeated treatment of pollution in the watershed; 𝐶ସ௝ of the impact subsystem shows an 
overall upward but a slightly slower trend, and it is related to the fact that the industrial structure 
of the basin still needs to be improved; and 𝐶ହ௝ of the response subsystem shows an overall upward 
trend and a slightly larger increase, and the multi-actor collaborative management has helped a lot. 
The main barrier factors include key cross-sections’ water quality compliance rate, the water quality 
compliance rate of key water function areas, water consumption per 10,000 yuan of industrial added 
value, and the lake trophic status index. Based on the results of the study, the article gives recom-
mendations for watershed governance, such as controlling pollution generation, optimising indus-
trial structure, using technological tools to help governance, sharing the cost of governance among 
multiple parties and strengthening supervision The findings help to make scientific environmental 
protection planning and policies of the study region. The research can also provide experience for 
other countries and regions in watershed governance. 

Keywords: water environment governance performance; DPSIR model; the Taihu basin;  
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1. Introduction 
With the rapid development of industrialization and urbanization, the consequent 

deterioration of the water environment caused by improper sewage discharge, insuffi-
cient sewage treatment capacity, and excessive water consumption seriously affects the 
basin’s sustainable development [1]. Limits to growth theory was proposed by the Club 
of Rome in its study on the human predicament [2]. The idea is that “natural and social 
resources are finite, and as economic and social development proceeds, they will inevita-
bly be consumed to their limits, exposing human survival and development to serious 
disasters”. As an important strategic resource, water resources have become a guarantee 
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for sustainable socio-economic development. Balancing the relationship between the eco-
nomic benefits and the environmental penalties is the way forward to achieve the devel-
opment of the basin. 

Globally, both developed and developing countries are facing declining water qual-
ity and functional water scarcity due to environmental degradation, which is more prom-
inent and urgent in developing countries [3]. In countries with an early start of industri-
alization, ecological and environmental problems have been around for a long time. To 
address the water pollution problems brought about by the industrial revolution, many 
Western countries tried to restore the water environment. The United Kingdom, Japan 
and other industrial countries set up special research institutions to manage the water 
issues in the river basin, and their restoration process has even lasted for more than a 
century [4]. Compared to the above-mentioned countries with systematic theories and 
comprehensive practices in water environment governance, Chinese cities have started 
the research and practice in the relevant fields relatively late. 

China also has its strengths and weaknesses in water environment governance due 
to its unique political and administrative system. In China, the Central Government can 
pool resources and coordinate arrangements to address watershed governance issues on 
a national scale [5]. Over the past 50 years, the Government has invested massively in 
water management. From 2014 to 2020, USD 320 billion has been set aside only for water 
pollution projects [6]. However, in some countries such as India, the democratic system 
of governance means that there are more veto players in the approval process, such as the 
local government, the parliament, the courts, the media, etc. [7]. Therefore, compared to 
India and some Western countries, China has a governance advantage in terms of the cen-
tral leadership. However, watershed governance in China involves several juxtaposed 
government departments, such as the environment and municipalities, as well as multiple 
actors such as industry, universities and residents. Furthermore, watershed governance is 
primarily based on administrative boundaries, rather than at the watershed level. Each 
jurisdictional subject seeks to achieve its objectives and is not obliged to consider the sub-
sequent impacts of its actions [5]. There is the potential for competition and inefficiency 
in time and space. In addition, the insufficient public participation due to the concentra-
tion of government power, and the capacity of water environment governance still need 
further improvement [8]. 

The study of environmental performance evaluation originated in the late 1980s and 
the world’s first corporate environmental report was published by Norsk Hydro, which 
proposed that the goal of environmental performance evaluation was to increase the ac-
tual achievement and effectiveness of environmental protection [9]. Since then, many in-
ternational organizations, such as the World Bank, International Organization for Stand-
ardization (ISO) and the United Nations Organization for Economic Cooperation and De-
velopment (OECD) became involved in the evaluation [10]. Water governance perfor-
mance assessment is one of the practices in watershed management, and the relevant stud-
ies are mainly concerned with watershed governance evaluation [11], water environment 
carrying capacity assessment [12], and governance audit evaluation [13]. In terms of indi-
cators for evaluating the water environment governance, Pires has developed an assess-
ment system for sustainable use of water resources, with indicators covering three dimen-
sions: environmental, economic and social [14]. Lane aggregated water environment mod-
els into multi-dimensional performance indicators through water consumption, reliabil-
ity, resilience, vulnerability and sustainability to explain the effectiveness of human man-
agement of water systems [15]. Luo et al., established a water governance performance 
evaluation index system based on three dimensions of exploitation and utilization, effi-
ciency and pollution control to evaluate the water resources management of Xi’an, Chian, 
from 2005–2016 [16]. From the construction of evaluation index content, the most common 
one is the pressure–state–response (PSR) model established by the OECD [17] and the 
driving forces–pressure–state–impact–response (DPSIR) model developed by the Euro-
pean Environment Agency (EEA) [18]. Related studies such as Wang et al. combined the 



Water 2022, 14, 158 3 of 19 
 

 

PSR model and the material element topology method, and established an evaluation 
model to quantify the water resources utilization performance of Beijing, China, in 2012 
and 2016 [19]. Henriques et al., integrated the DPSIR framework with hydrology, envi-
ronment, living standards and policy to form a dynamic basin performance evaluation 
indicator system for assessing the performance of water governance in Scottish and Welsh 
[20]. Most of the research indicators related to water performance evaluation were related 
to the current water quality status [21], pollution prevention [22], water intensification 
[23], urban economic development [24], water demand [25] and technological innovation 
[26], etc. From the evaluation methods, Than et al. used neural network algorithms to 
classify and predict the water quality of Dong Nai River using historical data [27], and 
Alodah and Seidou simulated the hydrological impacts of rare events through randomly 
generated climate time series for risk forecasting and performance assessment [28]. Gray 
correlation analysis [29], principal component analysis [30], EFAST method and entropy 
method [31] were also frequently used for evaluation in related studies. 

To summarize, several shortcomings should be noticed in the existing literature. 
First, although there are some studies of the given topic in different regions or basins, 
fewer studies have focused on China’s national system of centralized leadership and 
multi-sectoral participation in watershed governance, and this part of study needs to be 
supplemented. Second, the evaluation indicator system is not comprehensive enough. 
Most of them revolve around social, economic and environmental dimensions, without 
incorporating management mechanisms and public participation in the actual watershed 
governance. This study complements the indicator system by providing a flexible and 
modifiable performance governance assessment framework [32]. Thirdly, as a component 
of the Yangtze River Delta, which is one of the most economically developed regions in 
China, the evaluation of water environment governance performance for the Taihu basin 
can help guide the balanced development of the regional economy and environmental 
protection. This study uses DPSIR, a widely recognized theoretical framework, to con-
struct an evaluation system for water environmental governance, evaluates the effect with 
the help of the entropy-weight TOPSIS method and tries to identify the possible barriers 
in the process, which provides references for the scientific formulation of water environ-
mental protection planning and policies in the Taihu basin. The findings can also provide 
reference experience for other countries and regions in watershed governance. 

2. Construction of Index System and Data Acquisition 
2.1. Construction of DPSIR-Based Index Systｍ 

The water environment governance performance （𝐶௝） aims to evaluate the treat-
ment benefits of water governance to the basin. Therefore, to achieve scientific evaluation, 
it is necessary to adopt a suitable modeling approach that reflects the causal linkages of 
watershed pressures and responses based on analysis of watershed systems. The DPSIR 
conceptual model is an evolution of the PSR model, which is widely used in policy devel-
opment and relevant research. The driving force–pressure–state–impact–response model 
framework, which separates the “impact” from the “state” based on the PSR, clearly re-
veals the strong correlation between environmental changes and human activities [33]. 

The DPSIR describes a causal chain between the origins and outcomes of environ-
mental problems (Figure 1). The chain suggests that social, economic, and demographic 
developments act as long-term drivers (D) on the environment, thus exerting pressure (P) 
and causing changes in the state (S) of the ecosystem, resulting in various impacts (I) on 
the ecosystem such as water resources. These impacts drive human response (R) to 
changes in ecological state (S), and response (R) measures to act on the complex system of 
social, economic and demographic components or directly on environmental pressures 
(P), state (S) and impacts (I). 
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Figure 1. Schematic of DPSIR model. 

Therefore, the model of water environment governance performance assessment 
around the Taihu basin consists of five parts: driving force layer, pressure layer, state 
layer, impact layer and response layer, each of which is composed of several indicators 
[34]. The connotation of the layers is explained separately below. 

The “driving force layer” (𝐶ଵ௝) explains the potential driving force for changes in the 
water environment due to population growth and socio-economic development [35], 
which is the source of power for regional water environmental protection, including so-
cial, economic, political and cultural factors. The industrial development leads to eco-
nomic development, more funding for watershed governance is allocated [36], the im-
provement of people’s living standards results in a greater appreciation of social capital 
such as the watershed environment [37], and the financial investment virtuously drive the 
development of watershed governance [38]. 

The “pressure layer” (𝐶ଶ௝) is related to factors that cause changes in the state of the 
water environment due to the influence of production and lifestyle [39]. The indicators of 
the driving force layer discussed above are potential factors of environmental change, 
while the indicators of the pressure layer are direct factors, which can visualize by envi-
ronmental change. Combined with the actual situation of the Taihu basin, the pressure 
caused by industrial wastewater is mainly considered. The water consumption of sec-
ondary industry measures the secondary sector water use [40], the change of the ratio of 
secondary industry to GDP is an indicator of whether the same amount of water is used 
to generate more capacity, i.e., whether industrial water use is efficient, and the secondary 
industry sewage discharge measures the generation of total industrial pollution [41]. 

The driving force layer and pressure layer are more related to economic and social 
development, and we have the state, impact and response layers corresponding to the 
three main process elements of water quality governance: setting standards, mitigation 
and protection, and implementation monitoring [42]. 

Indicators of the “state layer” （𝐶ଷ௝）are relevant for monitoring the state effects of 
water use on the water environment [43]. Water quality monitoring is the task of analysing 
the state of water sources according to quality standards and norms [42]. According to 
relevant studies, the indicators to measure the state of the water body include chemical 
oxygen demand (CODMn) [32], total ammonia nitrogen concentration of water [44], and 
the lake trophic status index [45]. 

The “impact layer” (𝐶ସ௝) corresponds to the mitigation and protection of water qual-
ity governance. We protect the water environment by mitigating short and long-term wa-
ter pollution factors and maintaining water quality standards [42].The relevant indicators 
mainly involve the water quality compliance rate [46], water supply rate [47], and water 
quality qualification rate [46], etc. 

The indicator of ”response layer” refers to the measures taken and monitored by rel-
evant government departments, industry, research, universities and residents to respond 
to changes in the water environment [42]. For example, the government departments can 
increase funding for protection, thus encouraging research units to improve their output, 
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and can also strengthen public participation in local environment governance [8], with 
multiple parties working together to effectively reduce the negative impacts of water en-
vironmental damage [48]. 

From the above framework combined with the actual situation, we improve and es-
tablish the DPSIR model of water environment governance performance (Figure 2). 

 
Figure 2. The DPSIR model of water environment governance performance. 

Accordingly, we establish the evaluation index system (Table 1). When distinguish-
ing evaluation indicators, they are divided into positive and negative indicators: the larger 
the value of positive indicators, the better the evaluation result; conversely, the smaller 
the value of negative indicators, the better the evaluation result. 

Table 1. The evaluation index system based on the DPSIR model. 

Target Layer Serial Number Indicator Layer Meaning of the Selection Attribute 

Driving 
force 

I1 GDP per capita (million 
yuan) 

Reflecting the driving effect of economic devel-
opment on water environment in the Taihu ba-

sin 
+ 

I2 Per capita disposable in-
come of residents (yuan) 

Reflecting the driving effect of the improvement 
of urban residents’ living standards on water 

environment in the Taihu basin 
+ 

I3 
Value added of the total 
output of secondary in-

dustry (billion yuan) 

Reflecting the driving effect of industrial devel-
opment on water environment in the Taihu ba-

sin 
+ 

I4 
Agriculture, forestry and 

water affairs input 
amount (million yuan) 

Reflecting the driving effect of financial invest-
ment on water environment in the Taihu basin + 

Pressure 

I5 

Water consumption for 
10,000 yuan of industrial 

added value (m3) 

Reflecting the pressure of industrial production 
water efficiency on the water environment in the 

Taihu basin 
− 

I6 
Contribution of second-

ary industry to GDP 
growth (%) 

Reflecting the pressure of industrial structure 
composition on the water environment in the 

Taihu basin 
− 

I7 
Secondary industry 

wastewater discharge 
(billion tons) 

Reflecting the pressure of secondary industry 
sewage treatment and discharge on the water 

environment in the Taihu basin 

− 
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State 

I8 Permanganate index
（CODMn）(mg/L) 

Reflects the current state of organic and inor-
ganic oxidizable substances pollution in the wa-

ter 

− 

I9 
Total ammonia nitrogen 
concentration of water 

(mg/L) 

Reflects the current status of ammonia and ni-
trogen levels in the water  − 

I10 
Lake trophic status level 

index 

Reflecting the current state of lake eutrophica-
tion in the water environment around the Taihu 

basin 
− 

Impact 

I11 
Water quality compli-
ance rate of key water 

function areas (%) 

Reflecting the impact on water quality in the key 
water function areas of the Taihu basin 

+ 

I12 
Water quality compli-
ance rate of key cross-

sections (%) 

Reflecting the impact on the water quality of key 
cross-sections within the key areas of the Taihu 

basin 
+ 

I13 
Water quality compli-
ance rate of provincial 
boundary rivers (%) 

Reflecting the impact on the water quality of 
provincial boundary rivers around the Taihu ba-

sin 

+ 

I14 
Taihu basin water sup-

ply (billion m3) 
Reflecting the water supply available in the re-

gion around the Taihu basin − 

Response 

I15 
Water consumption for 
agricultural irrigation 

(billion m3)  

Reflects changes in irrigation water consump-
tion for agricultural production in the Taihu ba-

sin 

− 

I16 Urban sewage treatment 
rate (%) 

Reflecting the change of urban domestic sewage 
treatment in the Taihu basin 

+ 

I17 
Completion rate of wa-
ter environment com-

plaints (%) 

Reflecting the satisfaction of the residents of the 
area with water management and the enforce-
ment and supervision of government depart-

ments 

+ 

I18 Number of relevant pub-
lished papers (piece) 

Reflecting the research results of universities on 
the governance of the Taihu basin 

+ 

I19 
Number of granted pa-

tents (piece) 

Reflecting the research and development of 
Lake Tai governance technology and the trans-

formation of results 
+ 

The DPSIR model not only shows the negative impact of socio-economic develop-
ment and human behavior on the ecological environment, but also shows the actual pro-
cess of water quality management. The water environment governance performance as-
sessment index system based on the DPSIR model has a reasonable internal logic, and 
clearly shows the consequences of water environment problems through the causal chain, 
so it is very suitable for the analysis of the environmental management in this study. 

2.2. Study Area 
The Taihu basin is the core area of the economically developed Yangtze River Delta 

region of China, with an area of 3.69 × 104 km2. All the lakes in the basin are shallow, with 
an average depth of less than 2 m and a maximum depth of less than 3 m, and the ground 
elevation is generally only 2 m above sea level. The basin is dominated by plains, account-
ing for 4/6 of the total area, while water, hills and mountains each account for 1/6 of the 
area. Three sides of the basin are bordered by rivers and seashores, and the middle is 
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plain, with the topography characterized by a high periphery and a low middle. The basin 
is located in the mid-latitudes and has a humid northern subtropical climate zone with an 
average annual temperature of 15–17 °C. 

According to the information given on the website of the Taihu Basin Authority of 
Ministry of Water Resources of China, the division of the region involves part of Jiangsu, 
Zhejiang, Anhui and Shanghai (Figure 3). Among the watershed, the part of Anhui is not 
included because it occupies too small a proportion (0.1%) and it is not convenient to ob-
tain accurate data. Similarly, the data of Gaochun County of Nanjing are not analyzed for 
the same reason. In this paper, we study the situation of the prefecture-level cities (includ-
ing their jurisdictions) of the region, and the scope of the study is shown in Figure 3b. 
There are six lakes with an area of more than 10 square kilometers in the study area of 
Taihu Basin, namely Taihu Lake, Fuyu lake, Yangcheng Lake, Tao Lake, Dianshan Lake 
and Chenghu lake, which are shown in Figure 3c, also rivers above Level 5 in the basin 
are also shown in the figure. 

  
(a)  (b)  

 
(c)  

Figure 3. Schematic diagram of the study area delineated in this study. (a) The location of Taihu 
basin in China. (b) The study area of Taihu basin. (c) Distribution of main lakes and rivers in Taihu 
basin 

While water resources in the Taihu basin support social and economic development, 
its water environment has also been affected. According to statistics data, from the 1980s 
to the early 1990s, the water grades of the Taihu basin decreased from mainly II to mainly 
III. From the mid-1990s, with the aggravation of pollution, the eutrophication of water has 
been increasing. The outbreaks of cyanobacteria in the Taihu basin in 2000 and 2007 have 
brought attention to the sustainable development of the basin, and since the implementa-
tion of comprehensive water management in 2008, the water quality has been significantly 
improved. In the new era, how to take measures to ensure water safety, water ecological 
health and water environment livability is of strategic importance to the region. Therefore, 
the new round of Taihu basin governance has attracted extensive attention [49]. 
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2.3. Data Source 
The population data, socio-economic data, agricultural data, environmental protec-

tion data and urban construction data of the Taihu region involved in this study are 
mainly from the China Statistical Yearbook [50], Ecological and Environmental Status Bul-
letin (2010–2019) of relevant provinces and cities, and statistical yearbooks of prefecture-
level cities. Furthermore, the data from the Taihu basin official website also helps a lot. 
Few other data are obtained from relevant department news or special reports. The miss-
ing data of some indicators are replaced by linear interpolation. By averaging the data of 
each indicator in each city for the corresponding year, we obtain the data of each city in 
the region of the study period. 

3. Research Methodology 
The overall idea of the following part is given here [51] (Figure 4). We use the evalu-

ation index system in Table 1 and corresponding data, combined with the entropy-weight 
method and the diagnostic model of barrier factors to evaluate the water environment 
governance performance. Then we analyze the change trend during the study period, as 
well as the main obstacle factors affecting governance performance. Some policy recom-
mendations are given in conjunction with the findings. 

 
Figure 4. Schematic diagram of the methodology 

3.1. Entropy-Weight TOPSIS 
3.1.1. Introduction to the Entropy-Weight Method 

From entropy, the decision accuracy can be improved by relying on the amount of 
decision information [52]. In this paper, the weights are determined according to the en-
tropy of the data, which can objectively reflect the implicit information, and avoid the 
selection bias caused by the small difference of indicators. The entropy weight is to char-
acterize the relative intensity of competition of indicators, and in general, the higher the 
entropy of an indicator, the lower the entropy weight, which means that the indicator is 
less important; and vice versa [53]. The specific solution of the entropy weight is described 
in detail in Section 3.2. 
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3.1.2. Introduction to TOPSIS Model 
TOPSIS model is a ranking method to approximate the ideal solution, which is 

mainly used to solve multi-objective decision-making problems with finite solutions. By 
using distance as the evaluation criterion, the degree to which the objective is close to or 
deviates from the positive or negative ideal solution is calculated [54]. In this study, by 
assessing the degree of deviation of the water environmental carrying capacity from the 
positive or negative ideal situation during the study period, the dynamic trend of the re-
gional water environment governance performance can be reflected. 

3.2. The Evaluation Model Using Entropy-Weight TOPSIS Method 
(1) Construction of standardized evaluation matrix 

We make the initial evaluation index matrix of the performance evaluation problem 
as: 

11 12 1

21 22 2

1 2 n

n

n

m m m

x x x
x x xX
x x x

 
 =  
 
 




   


 
(1)

For positive indicators (indicators with larger values reflecting better governance 
performance), the processing method is shown in Equation (2), and for negative indicators 
(indicators with smaller values reflecting better governance performance), the processing 
method is shown in Equation (3). 𝑝௜௝ = 𝑥௜௝ି௠௜௡೔సభ೘ ൛௫೔ೕൟ𝑚𝑎𝑥௜ୀଵ௠ ൛𝑥௜௝ൟ − 𝑚𝑖𝑛௜ୀଵ௠ ൛𝑥௜௝ൟ (2)

𝑝௜௝ = 𝑚𝑎𝑥௜ୀଵ௠ ൛𝑥௜௝ൟ − 𝑥௜௝𝑚𝑎𝑥௜ୀଵ௠ ൛𝑥௜௝ൟ − 𝑚𝑖𝑛௜ୀଵ௠ ൛𝑥௜௝ൟ (3)

Normalizing the matrix and we obtain: 

( )ij m nP p ×=  (4)

where 𝑋 is the initial evaluation matrix, 𝑋௜௝ is the initial value of the 𝑖th indicator in year 𝑗; 𝑃 is the standardized evaluation matrix, 𝑃௜௝ (0 ≤ 𝑃௜௝ ≤ 1) is the standardized value of 
the 𝑖th indicator in year 𝑗; 𝑖 = 1,2, … , 𝑚, 𝑚 is the number of evaluation indicators; 𝑗 =1,2, … , 𝑛, 𝑛 is the number of evaluation years. 
(2) Determination of index weights 

Define the entropy of the 𝑖th evaluation index as: 

𝐻௜ = −𝑘 ෍ 𝑍௜௝௠
௜ୀଵ 𝑙𝑛𝑍௜௝ (5)

where 𝑍௜௝ = ௣೔ೕ∑ ௣೔ೕ೘೔సభ ，𝑍௜௝𝜖ሾ0,1ሿ, 𝑘 = ଵ௟௡௠，and when 𝑍௜௝ = 0，let 𝑍௜௝𝑙𝑛𝑧௜௝ = 0. 

We define the entropy weight of the 𝑖th evaluation index as: 𝜔௜ = 1 − 𝐻௜𝑚 − ∑ 𝐻௜௠௜ୀଵ  (6)

(3) Evaluation matrix construction based on entropy weight 
To further improve the objectivity of the matrix in (4), with the aid of the 𝜔௝ obtained 

by the entropy-weight method, we construct a weighted normalized evaluation matrix 𝑉, 
which is calculated as follows: 
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11 12 1 11 1 12 1 1 1

21 22 2 21 2 22 2 2 2

1 2 1 2

. . .

. . .=

. . .

n n

n n

m m mn m n m n mn n

v v v p w p w p w
v v v p w p w p wV
v v v p w p w p w

   
   =    
   
   

 
 

       
   

(7)

where 𝑣௜௝ is the weighted normalized value of the 𝑖th indicator in year j. 
(4) Determination of the positive and negative ideal solutions 𝑉ା and 𝑉ି 𝑉ା = ൛𝑚𝑎𝑥𝑣௜௝|𝑖 = 1,2, … , 𝑚ൟ = ሼ𝑉ଵା, 𝑉ଶା, … , 𝑉௠ାሽ (8)𝑉ି = ൛𝑚𝑖𝑛𝑣௜௝|𝑖 = 1,2, … , 𝑚ൟ = ሼ𝑉ଵି , 𝑉ଶି , … , 𝑉௠ି ሽ (9)

(5) Calculation of the distance 
In this study, Euclidean distance is used to calculate the distances 𝐷௝ା and 𝐷௝ି  from 

each indicator evaluation vector to the positive and negative ideal solutions 𝑉ା and 𝑉ି 
respectively, by the following Equations (10) and (11). 

𝐷௝ା = ඩ෍൫𝑉௜ା − 𝑣௜௝൯ଶ௠
௜ୀଵ  (10)

𝐷௝ି = ඩ෍൫𝑉௜ି − 𝑣௜௝൯ଶ௠
௜ୀଵ  (11)

(6) Calculation of 𝐶௝ 

𝐶௝ = 𝐷௝ି𝐷௝ା+𝐷௝ି  (12)𝐶௝ characterizes the degree of water environment carrying capacity close to the opti-
mal state in year 𝑗, and is used to measure the water environment governance perfor-
mance in Taihu, ranging between. The larger the value of 𝐶௝, the closer the current evalu-
ation index value is to the positive ideal solution, and the higher water environmental 
management performance. The smaller the value of 𝐶௝ , the closer the current evaluation 
index value is to the negative ideal solution, and the worse the water environment gov-
ernance performance. The change in water environment governance performance during 
the study period can be judged from the change of 𝐶௝. 
3.3. Diagnostic Model of Barrier Factors for 𝐶௝ 

After obtaining 𝐶௝, we try to identify the barrier factors that constrain it. We intro-
duce three basic variables of factor contribution degree 𝑇௝ , indicator skewness 𝐼௜௝  and 
barrier degree 𝐺௜௝ [55]. 𝑇௝ is the weight of individual indicators on 𝐶௝; 𝐼௜௝ is the gap be-
tween individual indicators and the water environmental governance objectives; 𝐺௜௝ can 
indicate the degree of barrier influence of each indicator on 𝐶௝. The calculation formula is 
as follows: 𝐺௜௝ = 𝐼௜௝𝑇௝∑ 𝐼௜௝𝑇௝௡௝ୀଵ = ൫1 − 𝑝௜௝൯𝜔௜∑ ൫1 − 𝑝௜௝൯𝜔௜௡௝ୀଵ  (13)
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4. Empirical Analysis 
4.1. Overall and Sub-Dimensional Evaluation Results 

According to the research method we choose above, this paper measures the water 
environment governance performance in the Taihu basin from 2010 to 2019, and the re-
sults are shown in Table 2. The evaluation results and the sub-dimensional results of the 
D-P-S-I-R subsystem with the change trends are shown in Figures 5 and 6. 

Table 2. The overall and sub-dimensional evaluation results of the water environment governance 
performance in the Taihu basin. 

Year jC  1jC  2jC  3jC  4jC  5jC  

2010 0.0673 0.0000 0.0000 0.0000 0.1131 0.0141 
2011 0.2011 0.1074 0.0867 0.7060 0.0820 0.1614 
2012 0.2575 0.1993 0.0908 0.7518 0.1893 0.2866 
2013 0.2762 0.2952 0.1891 0.6343 0.2017 0.3068 
2014 0.3371 0.3842 0.3791 0.1963 0.2231 0.5180 
2015 0.4112 0.5146 0.3335 0.4241 0.2551 0.7305 
2016 0.5483 0.6190 0.5969 0.6491 0.4042 0.7803 
2017 0.6393 0.7086 0.7959 0.1153 0.6477 0.7368 
2018 0.7897 0.8874 0.8783 0.3813 0.8240 0.9038 
2019 1.0000 1.0000 0.9862 1.0000 0.9877 0.9588 

 
Figure 5. The result of 𝐶௝, 𝐷௝ା and 𝐷௝ି .  

 
Figure 6. Evaluation results of the D–P–S–I–R subsystem. 
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4.2. Analysis of the Evaluation Result of 𝐶௝ 
From Figures 5 and 6, it can be seen that 𝐶௝ shows an overall increasing trend, from 

0.0673 at the beginning of 2010 to 1.0000 in 2019 at the end of the study period, reflecting 
a continuous improvement during the study period. 𝐷௝ା decreases from 0.2566 to 0.0050, 
with a reduction of 0.2516, gradually converging to the positive ideal solution. Further, 𝐷௝ି  increases from 0.0185 to 0.2603, with an increment of 0.2418, gradually deviating from 
the negative ideal solution. All of the above analyses show that that the overall level of 
the water environment governance performance has been greatly improved. 

4.3. The Specified Result of  𝐶ଵ௝~𝐶ହ௝ 
Analyzing the different sub-dimensions (Figure 6), the change in 𝐶ଵ௝~𝐶ହ௝ is specified 

as follows. 
Driving force subsystem: 𝐶ଵ௝  generally shows an upward trend and a steady in-

crease rate from 2010 to 2019. Taking 2010 as the base point, the growth rate maintains a 
yearly increase of about 0.1000 during the whole period, reflecting the gradual enhance-
ment of the water environment carrying capacity of the subsystem correspondingly. 

Pressure subsystem: 𝐶ଶ௝ within 2010–2019 shows an overall rising trend, but there 
are small fluctuations within the period, such as 2011–2012, and 2017–2018, where the up-
ward trend is significantly slower than the previous period, and 𝐶ଶ௝  dropped signifi-
cantly from 0.3791 to 0.3335 in 2014–2015. 

State subsystem: 𝐶ଷ௝ within 2010~2019 shows a large fluctuation, rising from the be-
ginning of the study period to 0.7518 in 2012, and then continuing to decline to 0.1963 in 
2014, after which it gains an increase from 2014 to 2016, declines significantly to 0.1153 in 
2016~2017, and then continues to rebound. The overall change in 𝐶ଷ௝ during the period 
is large, and the cyclical changes of decline and rebound back are obvious. 

Impact subsystem: 𝐶ସ௝ of the impact subsystem shows an overall rising trend from 
2010 to 2019, reflecting the gradual increase in the carrying capacity of the impact subsys-
tem. Compared with the 𝐶ଵ௝, 𝐶ସ௝ has a similar but slightly slower trend of increase, and 
the governance performance value is also slightly lower than 𝐶ଵ௝. 

Response subsystem: the upward trend of 𝐶ହ௝ from 2010 to 2019 reflects the gradual 
increase in the carrying capacity. Still using 𝐶ଵ௝ as the reference, the rising trend of 𝐶ହ௝ is 
similar but the increase is slightly larger, and the value of 𝐶ହ௝ is also slightly higher than 𝐶ଵ௝. 

4.4. Analysis of the Sub-Dimensional Result of 𝐶ଵ௝–𝐶ହ௝ 
Driving force subsystem: the increasing trend of 𝐶ଵ௝ is closely related to the rapid 

economic development and the enhancement of people’s living standards in the past 10 
years. The per capita GDP of Taihu Basin jumped from 79,000 RMB in 2010 to 157,000 
RMB in 2019, with an average annual growth rate of 6.9%. As a consequence, regional 
economic growth provides more adequate financial support for water environment man-
agement. Take Jiangsu Province as an example, the finance department arranges 2 billion 
yuan of special guiding funds for the treatment of Taihu basin every year, and the local 
finance takes out 10–20% of the financial funds to match the same, which has supported 
more than 6400 watershed treatment projects and drove the whole society to invest more 
than 100 billion into it. The reasonable allocation of resources further promotes water en-
vironmental governance, and raises the system carrying capacity year by year. 

Pressure subsystem: 𝐶ଶ௝ shows an overall upward trend from 2010 to 2019, but there 
are small fluctuations within the period. This study tends to explain the evaluation results 
from the perspective of secondary industry development. According to statistical data, in 
2011, the Taihu basin produced 10.8% of the country’s gross regional product and the 
economic output occupies a pivotal position in the country. However, the water environ-
ment in the basin has been affected a lot. On the one hand, the water demand is increasing, 



Water 2022, 14, 158 13 of 19 
 

 

and especially industrial water faces a huge demand gap. On the other hand, the increase 
in pollutant emissions has caused negative pressure on the environment. The previous 
crude economic development had a negative impact, and the basin has taken positive ac-
tions to accelerate the transformation. In recent years, the problem of water shortage for 
the industry has been relived through water transfer from outside the region, such as the 
implementation of the “Yangtze–Taihu Water Diversion Project”. The Government has 
guided the industry to develop in the direction of light pollution and low energy con-
sumption by improving water efficiency, optimizing the industrial structure and promot-
ing clean production, which effectively relieved the pressure on the water environment 
caused by industrial pollution problems. 

States subsystem: 𝐶ଷ௝ shows a “W” pattern from 2010 to 2019, with obvious cyclical 
changes, which is closely related to the characteristics of the lake body and the treatment 
means. The unique geographical, hydrological and meteorological characteristics of the 
Taihu basin form an ecosystem, together with the high load of nitrogen and phosphorus 
nutrient inputs, and provide external conditions for cyanobacterial bloom outbreaks. The 
fourfold cycle of nitrogen and phosphorus nutrients adds to the long treatment cycles and 
duplication of watershed management. Throughout the history of pollution control, the 
Government has implemented various actions, including the construction of sewage treat-
ment facilities, cyanobacteria salvage, ecological dredging, etc., which have good short-
term effects, but in the long run, they cannot solve the underlying problem, and the effects 
are not sustainable. The state of the basin has remained precarious in recent years. 

Impact subsystem: 𝐶ସ௝  within 2010–2019 shows an overall rising pattern, but the 
trend is slow. There are mainly the following reasons. First, the discharge is well managed. 
The wastewater treatment capacity is sufficient for the basin, and the industrial 
wastewater, farming wastewater and domestic wastewater are strictly managed by cate-
gory. Second, the industrial structure is being optimized. The wastewater discharge of 
Taihu basin has shown a decreasing trend in recent years, which is related to the steady 
development of new energy, electronics, biomedicine, software and other new industries 
in the region, so that the proportion of traditional machinery, metallurgy, chemical indus-
try and textile decreases, further reducing pollution. However, we should also note that 
although the industrial pollution is controlled, the emerging high-tech industries are still 
in the early stage of development, and its influence on the impact subsystem still needs to 
be strengthened subsequently. In addition, the water diversion project implemented in 
recent years has been successful in improving the water quality of the Taihu basin by ac-
celerating the flow rate of water bodies. Therefore, by taking advantage of the river and 
sea nearby, we can continue to implement scientific drainage, to improve the capacity of 
the water environment and ecological restoration capacity of the Taihu basin. 

Response subsystem: 𝐶ହ௝ generally shows an upward trend and an obvious growth 
during 2010–2019, which is inextricably linked to collaborative governance by the basin 
government, research institutions, universities, enterprises and residents. With the release 
of “Taihu Lake Basin Management Regulations” in 2011, the environmental protection 
departments of Jiangsu Province and Zhejiang Province, where the basin is located, have 
implemented precise measures and increased supporting infrastructure, thus the level of 
water environment governance has been continuously improved. The patented technol-
ogy is an indispensable support for governance by guiding production and transfor-
mation in action. For example, the patented product “modified biological substrate im-
prover” is used to remove endogenous pollution and prevent algal blooms; deep artificial 
aeration technology enhances the dissolved oxygen concentration at the bottom of the 
river, effectively improving the microbial environment of the substrate. Farmers take 
measures to improve irrigation techniques in conjunction with efficient and rational use 
of water resources. Overall, the response subsystem reflects a remarkable increase in the 
carrying capacity of the water environment as a result of concerted action by multiple 
parties 
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4.5. Results of the Diagnostic Model of Barrier Factors 
To further make targeted suggestions for improving the performance of water envi-

ronmental governance in the Taihu basin, we conduct the diagnostic model of barrier fac-
tors to analyze the result of  𝐶௝. According to the calculation method in Section 3.2, the 𝐺௜௝ 
of indicators within the evaluation index system in the past 5 years is calculated sepa-
rately. The top 6 indicators are selected in the order of the value of 𝐺௜௝, and the results are 
shown in Table 3. 

Table 3. Analysis of the barrier degree of each index on 𝐶௝. 

Index 
Ranking 

2015  2016 2017 2018 2019 

Indicators  𝑮𝒊𝒋 
(%) Indicators  𝑮𝒊𝒋 

(%) Indicators  𝑮𝒊𝒋 
(%) Indicators  𝑮𝒊𝒋 

(%) 
Indica-

tors 
 𝑮𝒊𝒋 
(%) 

1 I15 43.30 I10 34.11 I10 25.08 I12 31.00 I12 19.13 
2 I14 24.83 I12 19.07 I12 15.44 I5 16.40 I11 14.24 
3 I6 22.23 I5 10.45 I11 9.94 I11 9.95 I5 13.18 
4 I12 14.56 I11 5.34 I5 7.99 I10 7.59 I6 9.77 
5 I11 12.45 I1 4.56 I18 4.72 I1 5.22 I10 9.03 
6 I5 1.20 I15 3.70 I4 4.54 I7 4.29 I13 4.91 

From Table 3, the selected indicators with the top six barrier degrees in 5 years are as 
follows: key cross-sections’ water quality compliance rate (I12), the water quality compli-
ance rate of key water function areas (I11), water consumption per 10,000 yuan of indus-
trial added value (I5). The indicator with the top six barrier degree in 4 of the 5 years is 
the lake trophic status index (I10). The indicators with the top six barrier degree in 2 of the 
5 years are the contribution of secondary industry to GDP growth (I6), water consumption 
for agricultural irrigation (I15), and GDP per capita (I1), and the other indicators within 
the top 6 barrier degree in 5 years include 14/I7/I13/I14/I18. 

The result reveals that the barrier factors of the impact subsystem are more concen-
trated (I11/I12/I13/I14), especially factors relating to the water quality has a more intuitive 
improvement on the performance of water environment governance. In addition, among 
the barrier factors of the pressure subsystem (15/I6/I7), there is a particular need to focus 
on industrial water use efficiency and industrial water-saving potential. Attention should 
also be paid to I10 to reduce nutrient input to the water body and ecological restoration 
of the basin. The impact of I1 and I6 suggests that the development of the Taihu basin 
should realize a shift from sloppy to intensive economic growth. By introducing scientific 
water conservation and irrigation measures, the utilization rate of irrigation water can be 
improved, thus achieving efficient development. In summary, the new stage of improving 
the performance of the regional water environment governance of Taihu basin should fo-
cus on the impact subsystem and the pressure subsystem, while taking into account the 
other three types of subsystems to improve the overall performance of regional water en-
vironmental governance together. 

4.6. Discussion 
From the above analysis, it is clear that the Taihu basin has experienced water envi-

ronment problems in recent years. Actions related to water environment governance are 
also ongoing. Economic development has led to more than sufficient financial funds for 
watershed management, but we should also note that the costs for water environment 
governance are currently mainly borne by the Government, which is under greater finan-
cial pressure. Moreover, the local economy is facing slower growth, making it difficult to 
continue the high level of investment in governance as in previous years. There are risks 
to the sustainability of water environment governance. Thus the watershed governance 
must change the Government’s single-entity model and provide a reasonable cost-sharing 
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mechanism. Promote the sharing of costs arising from ecological protection and environ-
mental management by multiple entities. Moreover, the cost effect can create a backward 
pressure to induce enterprises to transform and upgrade. 

It is a long-term process to adjust the industrial structure and change the mode of 
economic development, and the high level of pollution of the lake will continue. To 
achieve effective treatment in this situation, a comprehensive strategy of “source treat-
ment–pollution mitigation–ecological restoration” needs to be implemented. While focus-
ing on industrial emissions and reducing external pollution, we should continue to imple-
ment strict wastewater classification management measures, improve water efficiency 
and control internal pollution through technological means. We should continue to im-
plement inter-basin water transfer measures, thereby enhancing the carrying capacity of 
the water environment and ecological restoration. Multi-entity participation is effective in 
improving the water environment performance governance, and we need to pay particu-
lar attention to the lack of public participation in current water governance measures. The 
public’s perception of environmental risk is irrational. They rely more on direct percep-
tions of environmental pollution and media campaigns [56], and the lack of action on en-
vironmental protection is closely linked to their concerns about the credibility of regula-
tors [37]. This requires the regulatory authorities to establish an information-sharing 
mechanism for watershed governance, and to widely inform public opinion through reg-
ular environmental bulletins or the influence of the media. In terms of regional synergy, 
a protection mechanism for the unified planning and management of water resources and 
the water environment, and a consultation mechanism across basins and administrative 
regions, will be established to support water environment management efforts through a 
system of incentives and accountability. There is also a need to accelerate the integration 
of industry, academia and research to enhance the effectiveness of scientific and techno-
logical achievements and to empower the high-quality development of watershed gov-
ernance. 

This study uses the DPSIR framework to evaluate the effectiveness of water environ-
ment governance in the Taihu basin. By combining the actual situation of the basin and 
the governance process, the causes and obstructive factors affecting the water environ-
ment governance are identified, and countermeasure suggestions are given in a targeted 
manner. In conclusion, scientific planning, basin integration and close cooperation of mul-
tiple subjects are required to curb the effective improvement of the water environment 
and to truly protect the Taihu basin. 

The study points out the direction for the enhancement of the water environment 
quality in the Taihu basin, and provides a reference for water environment protection 
planning and policy formulation. The results of the study can also provide reference ex-
perience for other countries and regions in watershed management. However, in future 
studies, more factors in a wider context need to be considered when assessing watershed 
governance, such as climate change [51], the construction of smart cities [57] and risk pre-
vention, which directly or indirectly affect the environmental carrying capacity of water-
sheds. Adapting the indicator system when applying it is a step that needs to be taken in 
the future. 

5. Conclusions and Suggestions 
5.1. Conclusions 

Based on the water environmental problem of the Taihu basin, this paper establishes 
the DPSIR model of water environment governance performance and selects panel data 
from 2010 to 2019 to conduct the study. The results show a general upward trend in  𝐶௝  
over the study period, from 0.0673 at the beginning of 2010 to 1.0000 at the end of the 
study period in 2019, reflecting the sustained improvement in the water environment gov-
ernance performance of the Taihu basin. The results of the sub-dimensional evaluation 
show that  𝐶ଵ௝ continues to grow and maintain a steady growth rate of approximately 
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0.1000 per year. This is closely related to the economic development of the basin and the 
allocation of financial resources, which leads to a continuous increase in the level of car-
rying capacity of the driving force subsystem.  𝐶ଶ௝ shows an overall upward trend, but 
there are small fluctuations during the upward period. The reason is that although water 
sources are introduced into the basin to enhance the positive interaction between rivers 
and lakes, industrial water consumption and sewage generation in the basin remain high. 
The trend of  𝐶ଷ௝ is in the shape of a “W”, with a clear cyclical trend. This is due to the 
short maintenance time and repeated treatment of pollution in the watershed, and the 
health status of the watershed still needs to be improved. 𝐶ସ௝ is increasing overall, but the 
trend is slightly slower. This is related to the fact that the industrial structure of the basin 
still needs to be improved.  𝐶ହ௝ is generally on the rise and growing significantly, due to 
the improved water environment governance performance by the synergistic manage-
ment of multiple entities. 

Based on the results of the diagnostic model of barrier factors, the main barriers that 
have constrained water environment governance performance over the past five years 
were identified. The main barrier factors include the key cross-sections’ water quality 
compliance rate (I12), the water quality compliance rate of key water function areas (I11), 
water consumption per 10,000 yuan of industrial added value (I5), the lake trophic status 
index (I10), contribution of secondary industry to GDP growth (I6), water consumption 
for agricultural irrigation (I15), and GDP per capita (I1). Among them, the impact subsys-
tem and the pressure subsystem have a higher concentration of barrier factors and need 
to focus on, while we should also take into account the other three types of subsystems of 
various key obstacles. 

5.2. Suggestions 
(1) Strengthen sewage treatment and reduce the discharge. 

First, focus on industrial pollution. Promote industrial restructuring, raise the re-
gional entry threshold for relevant companies, and strictly limit the emission of industries 
with heavy pollution. Second, control agricultural pollution. Reduce the use of chemical 
fertilizers and pesticides, and vigorously promote organic agriculture and ecological ag-
riculture. Third, manage domestic sewage discharge. Speed up the construction of various 
scales of sewage treatment plants according to local conditions, and comprehensively 
strengthen the treatment of all kinds of sewage in the Taihu basin. 
(2) Optimise the industrial structure, realize clean production, and improve water effi-

ciency. 
Adjust the existing industrial structure, promote cleaner production and guide in-

dustrial transformation towards light pollution and low energy consumption. Accelerate 
the elimination of backward production capacity, thus directly reducing the discharge in 
the production process and achieving source control. Strengthen the research on irriga-
tion-related technologies and make full use of precipitation by adopting new measures 
such as water storage, water interception and water conservation. Strengthen the con-
struction of agricultural water conservation facilities and improve the level of agricultural 
water conservation. 
(3) Use multiple ways to control existing pollution and improve the capacity of the water 

environment. 
Promote the water environment capacity and ecological restoration capacity. Con-

tinue to implement water transfer measures to promote the flow and exchange of water 
bodies, so that high-quality water from the Yangtze River can enter the Taihu basin. It has 
been proven that the diversion of water has been successful in improving the water qual-
ity. Introduce high-tech tools into water environment management, such as source pollu-
tion control systems, artificial aeration systems and submerged plant purification systems, 
coupled with traditional techniques, ecological dredging and cyanobacteria salvage, can 
effectively improve the water quality of the Taihu basin. 



Water 2022, 14, 158 17 of 19 
 

 

(4) Promote cost-sharing and collaborate with multiple parties to achieve governance 
changes 
It is vital to change the single-cost model of investment for governance. A reasonable 

cost-sharing mechanism is needed to achieve sustainable water environment governance 
in the basin. As users of water resources, the enterprises should bear the costs of water 
use and sewage treatment. The cost effect can, in turn, lead to industrial transformation 
and upgrading. However, in the long term, the environmental costs borne by companies 
will ultimately be passed on to the public through their products. Further, as participants 
in governance, the public should take the initiative to share the responsibility. This re-
quires increased publicity and raising public awareness of environmental protection. 
(5) Strengthen the institutional basis, reinforce the water quality supervision and ac-

countability system 
Build a cross-basin and cross-administrative consultation mechanism, actively im-

plement water quality testing and water environment supervision, to support governance 
through the top-level design of incentive and accountability systems. Strengthen infor-
mation sharing by regularly publishing environmental bulletins. Deepen accountability 
for water quality, increase the strength of rewards and punishments, and reinforce public 
participation. 

Only by working closely together of all the parties can we fundamentally improve 
the environment and achieve sustainable development of the Taihu basin. 
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