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Abstract 
Based on the background of President Xi Jinping's proposal in 2019 that the path of high-
quality development of the Yellow River Basin should be actively explored, focus on the 
problem of water pollution in the Yellow River Basin, and conduct a game study on the 
sewage discharge behavior of the Government and enterprises in the Yellow River Basin. 
Under the assumption that complete information can be obtained, the benefits of the 
"supervision" policy, the "no supervision" policy and the "law-abiding discharge" policy 
adopted by the sewage discharge enterprises and the "illegal discharge" policy of the 
Yellow River Basin government are calculated respectively. Solve for its Nash 
equilibrium. After discovering that the Nash equilibrium is not unique and that there is 
no pure strategy Nash equilibrium, the mixed strategy Nash equilibrium is discussed. 
Finally, according to the above analysis results, suggestions were put forward to solve 
the problem of sewage discharge in the Yellow River Basin from the three perspectives 
of the government, sewage enterprises and ordinary people. 
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1. Introduction 

Water resources on Earth are limited. Although 72 percent of the Earth's surface is covered by 
water, only 2.5 percent of the reserves are available for use. Less than 1% of freshwater 
resources can ultimately be directly utilized by humans. In the process of human activities, due 
to the weak awareness of water resources protection in the early stage of industrial 
development, it has caused indelible harm to the environment. The United Nations has long 
pointed to an unprecedented threat to the world's water resources, particularly in developing 
countries. The conservation and utilization of water resources can only rely on people's 
consciousness to a large extent, which affects the storage of water resources. This situation is 
exacerbated by the pollution of water resources. Water pollution is generally divided into two 
types: one is natural pollution. Natural pollution mainly refers to soil erosion due to ground 
erosion that will bring some pollutants into the water body. The impact of this pollution on 
nature is relatively small. The second is man-made pollution. Anthropogenic pollution mainly 
refers to the pollution caused by the direct discharge of production and domestic wastewater 
after the development and utilization of water resources. The water pollution in the Yellow 
River Basin is relatively serious. 
On September 18, 2019, General Secretary Xi Jinping stressed at the symposium on ecological 
protection and high-quality development of the Yellow River City that all regions along the 
Yellow River should proceed from reality, with water and mountains, grain, agriculture, and 
business, and actively explore new ways of high-quality development with regional 
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characteristics. The high-quality development of the Yellow River Basin is inseparable from the 
good development of water resources [1]. 
In 2021, the two provinces of Henan and Shandong caused an uproar when they bet on the 
water quality of the Yellow River. This is a VAM agreement signed to improve the water quality 
of the Yellow River. This further highlights the urgency of controlling water pollution in the 
Yellow River. What humans can control is the discharge of production and domestic sewage. 
This study is committed to studying the game between government supervision and corporate 
sewage discharge behavior in the Yellow River Basin under the condition of complete 
information, with a view to contributing to the protection of water resources in the Yellow River 
Basin. 

2. Problem Analysis and Model Establishment 

2.1. Game Two-way Behavior Strategy 
The system contains two game parties, the government and the sewage discharge enterprise, 
and the game party is bounded rationality. In practice, the game between the government and 
polluting enterprises is a game of repetition, but only one game situation is considered in this 
study. 
For the government, the strategy is divided into a regulatory strategy and a non-regulatory 
strategy. Supervision and punishment of enterprises discharging sewage is the lowest-cost 
means of water resources management. By reasonably defining the severity of penalties, 
misconduct in sewage discharge can be eradicated. For polluting enterprises, strategies are 
divided into law-abiding discharge strategies and illegal discharge strategies. Law-abiding 
discharge of sewage helps to establish a good corporate image, which in turn will produce 
certain social benefits. Enterprises that illegally discharge sewage, once investigated and 
punished, will greatly affect the social image and credibility, and then damage the income of the 
enterprise [2]. 

2.2. Assumptions about the Relevant Parameters 
Hypothesis 1: As long as the government adopts a regulatory strategy, it can be found whether 
the polluting enterprises are adopting a compliant discharge policy or an illegal discharge policy. 
When it is found that the enterprise has adopted an illegal emission policy, it will definitely 
make relevant penalties. The cost is set at C  when the government adopts a regulatory policy 
and C  when the government adopts a non-regulatory policy. 
Hypothesis 2: Sewage discharging enterprises are determined according to the costs and 
benefits of law-abiding sewage discharge, the costs and benefits of illegal sewage discharge, and 
the cost of being punished for illegal discharge. The cost of compliance emissions is C , the cost 
of illegal emissions is C , and the cost of being punished is C . The direct benefits of law-abiding 
emissions are W  , and the indirect benefits of the social impact of law-abiding emissions on 
enterprises are W . The direct benefits generated by illegal emissions are W , and the indirect 
benefits brought to enterprises by the social impact of illegal emissions are W . 
Hypothesis 3: When the government adopts a regulatory strategy and an enterprise is penalized 
for illegal discharge strategy, the benefits generated by the enterprise for illegal discharge of 
sewage are less than the total cost of illegal discharge plus the penalty for illegal discharge. 
Hypothesis 4: For sewage discharge enterprises, the total cost of the enterprise from illegal 
discharge to law-abiding discharge is greater than the total benefit of changing from illegal 
discharge to law-abiding discharge. 
Hypothesis 5: Since the government's strategy in a real-world environment requires multiple 
considerations, the aspects considered are too complex to be conducive to the conduct of this 
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study. Therefore, in this study, it is assumed that the government also makes strategic choices 
based on the size of the benefits. 
The above C , C , C , C , C , W , W , W , W   are all positive numbers greater than zero. W <
C +C   can be obtained by assumption 3, C  - C > W  + W  - W + W   can be obtained by 
assumption 4. It is considered that C >C ;  C >C > C ,  and has the C > C − C ;  C < C +C ; 
that is, −C > −C −C , W > W >W > W , and has a W +W >W -W . 

2.3. Construction of Game Matrix 
The decision-making mix between the Yellow River Basin government and sewage discharge 
enterprises is as follows: 
1) When sewage discharge enterprises choose the "law-abiding discharge" strategy, the results 
of the government are the same whether they choose the "supervision" strategy or the "no 
supervision" strategy. The law-abiding discharge of sewage discharge enterprises is conducive 
to the water quality treatment of the Yellow River Basin, and the government will make certain 
affirmations for the good performance and representative enterprises, which is conducive to 
the establishment of a positive social image of enterprises. It will bring additional social benefits 
to the enterprise W . 
2) When sewage discharge enterprises choose the "illegal discharge" strategy, if the government 
chooses the "no supervision" strategy, the enterprise does not have to spend more manpower 
and material resources on the treatment of sewage, nor does it have to pay the fine for the 
government to investigate and deal with illegal sewage discharge, which can obtain greater 
economic benefits. If the government chooses the "supervision" strategy, the illegal discharge 
of sewage by enterprises will be punished as they deserve, and will also have a certain negative 
impact on the society, so that the profitability of enterprises will decline [3]. 
In summary, the payment matrix between the two sides of the game is shown in Table 1. 
 

Table 1. Yellow River Basin Government and Sewage Discharge Enterprises Game Payment 
Matrix 

Both sides of the game 
Sewage discharge enterprises 

law-abiding discharge illegal discharge 

government 
Supervision [-C , -C +W +W ] [-C +C , -C -C +W -W ] 

no supervision [-C , -C +W +W ] [-C , -C + W − W ] 

3. Equilibrium and Analysis of the Game 

First of all, the game of two sides of the payment matrix analysis, in the context of can obtain 
complete information, if the sewage discharge enterprises have known that the government is 
adopting a "regulatory" strategy, then the sewage discharge enterprises can bring benefits to 
the enterprise when they adopt the "law-abiding discharge" strategy as -C +W +W , and the 
benefits that can be brought to the enterprise when taking the "illegal discharge" strategy are -
C -C +W -W . Since −C > −C −C  and W +W >W -W , there is a -C +W +W >-C -C +W -
W . In order to maximize their own benefits, sewage discharging companies will choose the 
"law-abiding discharge" strategy. If the sewage discharge enterprise has been aware that the 
government adopts the "no supervision" strategy, the benefits that can be brought to the 
enterprise when the sewage discharge enterprise adopts the "law-abiding discharge" strategy 
are -C  +W  +W  , and the benefits that can be brought to the enterprise when the "illegal 
discharge" strategy is -C + W − W  . From assumption 4 can be obtained C  -C > W  +W  -
W + W , that is, there is −C + W − W >-C +W +W . Therefore, sewage discharge companies 
will choose the "illegal discharge" strategy. In summary, sewage discharge enterprises do not 
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have a strict advantage strategy, and their advantage strategy changes according to the strategy 
adopted by the government. 
Similarly, for the government, if it is known in advance that the sewage discharge enterprise 
will adopt the "law-abiding discharge" strategy, the benefits brought by the government's 
"supervision" strategy are -C , and the benefits brought by the "no supervision" strategy are 
−C . Because of the C >C , there is a −C <−C . The government will adopt a "no regulation" 
strategy. If the government has learned that sewage discharge companies are using an "illegal 
discharge" policy, the benefits of the government's "supervision" strategy are -C  +C  , the 
benefits of adopting a "no supervision" strategy are −C , and because of the C > C -C , there 
is -C +C >−C . The government will opt for a "regulatory" strategy at this point. Therefore, for 
the government, there is also no strict advantage strategy. 
From the above discussion, it can be seen that there is no unique pure strategy Nash equilibrium 
solution in this game. Governments and wastewater discharge companies opt for hybrid 
strategies to maximize revenue. That is, the corresponding strategy is selected with a certain 
probability. The equilibrium of the two-way hybrid strategy is the optimal solution for this game 
[4]. The government selects the "supervision" strategy with probability p and the "no 
supervision" strategy with probability 1-p; the sewage discharge enterprise selects the "law-
abiding discharge" strategy with probability q and the "illegal discharge" strategy with 
probability 1-q. At this point, the expected return of each strategy of both sides of the game 
under the above conditions is: 
 

U (regulated)=-c q+(-c -c )(1-q)                                                      (1) 
 

U (unregulated)=-c q+(-c )(1-q)                                                      (2) 
 

U (Compliant emissions)=p(-c +w +w )+(1-p)(-c +w +w )                           (3) 
 

U (Illegal discharge)=p(-c -c +w -w )+(1-p)(-c𝟒 + w − w )                           (4) 
 
Among them, U   (supervision) and U   (non-supervision) are the expected benefits when the 
government adopts the "supervision" strategy and the "non-supervision" strategy, respectively, 
the expected benefits when the U  (law-abiding discharge) and U  (illegal discharge) are the 
expected benefits when the sewage discharge enterprise adopts the "law-abiding discharge" 
strategy and the "illegal discharge" strategy respectively. 
The joint formulas (1), (2), (3), and (4) are used to solve the Nash equilibrium solution under 
this hybrid strategy. Use 𝑝∗, 𝑞∗ to represent the mixed strategy of the government and sewerage 
companies. 

q=(c +c -c )/(c +c -c ) 
 

p=(-w -w +w -w +c -c𝟒)/c  
 

𝑝∗=(p, 1-p) 
 

𝑞∗=(q, 1-q) 
 
So the Nash equilibrium of the game is (𝑝∗, 𝑞∗). From the characteristics of the Nash equilibrium 
of the mixed strategy, it can be seen that if the government chooses "regulated" and 
"unregulated" with the probability of p, 1-p, its strategy 𝑝∗ is related to the income of the sewage 
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discharging enterprise. Similarly, if a sewage discharging enterprise chooses "law-abiding 
discharge" and "illegal discharge" with a probability of q, 1-q, its strategy 𝑞∗ is related to the 
government's benefits. 
In the actual game, for the government, the probability of sewage discharge enterprises 
choosing the "law-abiding sewage discharge" strategy is less than q, equal to q, and greater than 
q, and the specific strategy used to occupy the advantage should be analyzed according to the 
actual situation. The same is true for sewage discharge companies. 
But in real life, people always expect that sewage discharging enterprises can choose the "law-
abiding discharge" strategy, and the government can choose the "no supervision" strategy. 
However, from the above analysis, it seems that the Nash equilibrium is not included (no 
regulation, law-abiding pollution), so this is obviously not feasible. In order to achieve the goal 
of water quality management in the Yellow River Basin, only relevant policies can be adopted to 
promote the realization of Nash equilibrium (supervision, law-abiding discharge). According to 
the above analysis, there are two main paths to achieve this goal. The first is to increase the 
value of q for the probability of the government choosing a "regulatory" policy. The probability 
of convincing sewage discharge companies that the government will adopt a "regulatory" 
strategy is greater than the probability of adopting an "unsupervised" strategy. So that sewage 
discharge enterprises can only choose to take law-abiding sewage discharge behavior under 
government supervision or illegal discharge behavior. The second is to increase the value of C . 
That is, to increase government supervision and find that enterprises have illegal pollutant 
discharge behavior, so that penalties will be imposed. The benefits of illegal discharge by 
sewage discharge enterprises -C -C +W -W  are far lower than the benefits of illegal discharge 
of pollutants by enterprises -C +W +W . Only in this way can we achieve the goal of reducing 
sewage discharge in the Yellow River Basin and improving the water quality of the Yellow River 
Basin. 

4. Management Inspiration 

The overall geographical span of the Yellow River Basin is large, involving more provinces, and 
the problems encountered in development are more complex and diverse. The contradiction 
between economic development and ecological protection in the Yellow River Basin is more 
prominent, and the difficulty of water resources protection is also greater. The problem of 
enterprise sewage discharge has always been a hidden danger to the water quality safety of the 
Yellow River Basin. It is urgent to eradicate the problem of sewage discharge. According to the 
actual situation, combined with the above analysis results, the following suggestions are put 
forward for the government of the Yellow River Basin and the sewage discharge enterprises. 
(1) For the government, the government should improve the intensity of supervision, improve 
the supervision mechanism, and increase the punishment for violations of the law. Urge 
enterprises to spontaneously reduce the illegal discharge of sewage. In addition to the 
necessary pollution control, the funds from the punishment can also be used to reward the law-
abiding enterprises that discharge sewage, and the generous bonuses and the social benefits of 
law-abiding sewage discharge will prompt enterprises to be more inclined to comply with the 
law and discharge sewage. The other part can be used to invest in the development of advanced 
sewage treatment technology to reduce the cost of law-abiding discharge of sewage by 
enterprises, thereby indirectly promoting the law-abiding discharge of sewage by enterprises. 
(2) For sewage discharge enterprises, the sense of social responsibility for sewage treatment 
should be enhanced. The Yellow River is the mother river of the Chinese nation and nourishes 
the life of the nine provinces of China. The high-quality development of the Yellow River Basin 
is an important part of China's high-quality development. Sewage discharge enterprises should 
consciously assume the responsibility of maintaining and improving the water quality of the 
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Yellow River, enhance the awareness of environmental protection, and strengthen the publicity 
of environmental protection knowledge. This enables sewage discharge enterprises to 
eliminate the behavior of random discharge of sewage from the root. In this way, regardless of 
whether the government chooses a regulatory strategy or not, it can maximize the compliance 
of sewage discharging enterprises. 
(3) For ordinary people, although it is not the main body of the game between the government 
and sewage discharge behavior, ordinary people can play a promoting role in this game and play 
a great role in promoting. On the one hand, the public can be a major force in government 
regulatory policies, expand the space for government supervision, and strengthen government 
supervision. The people's eyes are shining, and the illegal discharge of sewage cannot escape 
the eyes of the people. On the other hand, ordinary people, as consumers, can choose not to buy 
their products when illegal sewage discharge enterprises are exposed, thereby putting pressure 
on sewage discharge enterprises in the market [5]. 
The comprehensive use of the above means will have a greater impact on the behavior of the 
Yellow River Basin government and sewage discharge enterprises. Only in this way can we 
control the pollution of water resources in the Yellow River Basin faster and better, improve the 
water quality of the Yellow River, and achieve the goal of high-quality development of the Yellow 
River Basin as soon as possible. 
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