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Abstract
The tragedy of the commons of river describes the plight of continuous exhaustion of the river resources. Its
essence is because resources are excessive used. It takes the river pollution as an example in this paper, under the
traditional hypothesis of classical economics, to analyze the reasons for the formation of tragedy of the commons
of the rivers briefly, which is caused by repeated pollution actions among the inhabitants and the institution is
important to solve it resultantly, in the view of game theory. Then, on the basis of New Institutional Economics
(NIE), the discussion separately from microscopic, intermediate and macroscopic perspectives explores and
answers what the institutions should be for tragedy of the commons of the rivers. Next is the case analysis of
Jinhua River. It comes to the conclusions: the government could exploit planning mechanism and price
mechanism generally, providing proper river property rights arrangement, to reduce various transaction costs and
establish the river compensation system.
Keywords: The tragedy of the commons, The rivers, Game theory, New institutional economics (NIE),
Transaction costs
1. Introduction
G. Hardin set out the following scenario in his paper named the tragedy of the commons in the assumption of
rational persons in 1968 that: a herdsman increased a domestic animal additionally on a lawn would
simultaneously bring both positive and negative effect, the former was bore completely by this herdsman,
however the latter actually was undertook by all the herdsmen. Under the benefit obligation, each rational
herdsman naturally fell into an unlimited mechanism of increasing domestic animals so that the lawn was unable
to withstand the load to face the depletion situation, which was called the tragedy of the commons by Hardin
visually (Hardin, 1968).
The tragedy of the commons points out what difficulty public resources or public goods are encountered in
reality, and the “commons” explains the attribute of the public goods, the “tragedy” reveals the living condition
of it. Notable features of public goods are non-exclusive and indivisible, the river, as an important natural
resource, belongs to the category of the public goods; the biggest problem of rivers can be summarized as the
tragedy of the commons of river.
River resources are now in the public property rights, such ambiguous property rights results in overspent of
river resources, this will hinder the sustainable development of river resources and society undoubtedly. This
paper takes river pollution as argument, on the basis of the assumption of game theory, to analyze briefly the
reasons for the tragedy of the commons of river, from the microscopic, intermediate and macroscopic
perspectives of the NIE, to investigate the countermeasures for the tragedy of the commons of river. Then, it
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explores the practical experiences and drawbacks on a case of Jinhua River to prove the above analysis; the final
are some corresponding conclusions. These efforts may provide some theoretical and practical learning for the
sustainable development of the rivers.
2. Game Analysis of Reasons for the Tragedy of the Commons of River
The tragedy of the commons can be divided into two types: the depletion of resources and the environmental
damage, the former can be the result of the latter at last. In order to settle the plight of the tragedy of the
commons reasonably to promote the sustainable development of environment, it is necessary to explain the
reasons for its occurrence firstly. Some scholars in this area have studied and paid attention to in China. Yuan set
up a mathematical model and economic graph to interpret the reasons for the former, and gives some suggestions
(Yuan, 2007). Jiang found that the lag and misunderstanding of the multi-dimensional value theories provided by
the rivers in Chinese history resulted in the river resources changed from public resources to the tragedy of the
commons (Jiang, 2006). Ge believes the serious pollution in the process of China’s economic growth is the
mainly reason for the tragedy of the commons (Ge, 2005). In summary, these studies have discussed the reasons
for the tragedy of the commons from different views, but these did not discuss the causes or countermeasures
about the tragedy of the commons of river; this paper attempts to achieve this goal by economic analysis. Zhan
took the sheep number of Pareto optimal, assuming it to be K, as example to analyze the reasons and solving
strategies for the tragedy of the commons with the method of related game (Zhan, 2003). His analysis treated K
as the boundary to interpret the tragedy of the commons, for instance, to exploit whether the pollution is
excessive or under the standardization of K. But the key issue is K cannot be quantitatively accurate generally in
fact. This paper is different from that even the game theory is also applied.
2.1 Some Elementary Hypothesis
(1) The players are rational; their strategies are to pollute (P) and not to pollute (NP). Moreover, they could
observe these behaviours mutually;
(2) The river is a shared resource of all the players who are supposed to be a number of Y. The typical players A
and B are selected to carry on the game analysis to keep the analysis as convenient and explicit as possible;
(3) Each player releasing a unit pollutant will receive the payoff of a. Namely, marginal benefit of pollution for
everyone is a (It is supposed that the river's total pollution capacity is limited and T). If only one chooses to
pollute, the loss is undertook by all, thus the other one who doesn't pollute gets -a / Y. The benefit will be 0 (Note
1) if neither pollutes (it does not take the ecological benefit into account in short-term analysis);
(4) The both sides are aware of all the strategies and payoffs completely;
(5) The river itself has a certain self-purification capacity, which is considerably limited. The optimal amount of
pollution is a number when marginal pollution is equal to marginal self-purification, set it as Q (Note 2);
(6) The river originally was not polluted. The alternative game-analytic strategies begin after the players start to
use the river resources.
2.2 Game Analysis of the Short Term
Table 1 expresses the payoffs matrix of the simultaneous-move game for both players, the situation should be
firstly studied. If A chooses P, the optimal choice of B is NP, because the payoff of NP is -a / Y, even though A
chooses NP, P is his best choice as well, B’s dominant strategy is P obviously. Similarly, regardless of whatever
choice made by B, A's dominant strategy is P. Nash equilibrium strategy of the stage simultaneous-move games
is (P, P).
In reality, some players do not choose P initially due to morality or other reasons. However, they will observe,
study or use the first mover advantage because of their own rationality to change their strategies when they find
that is profitable. Thus, to construct a dynamic game model will be more realistic to interpret their actions. Then
the entirely non-cooperative dynamic game model is constructed according to the previous assumptions.
Table 2 illustrates the dynamic game as mentioned above, which is a singleton game of perfect information. We
can know the action set of A is SA= (N, NP) from description. There are two strategies of each single node for
player B and four pure strategies in all. They are as follows separately:
Regardless of whatever A picks, I will pick P;
SB=

If A picks P, I will pick P; if A picks NP, I will pick NP;
If A picks P, I will pick NP; if A picks NP, I will pick P;
Regardless of whatever A picks, I will pick NP;
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The Information sets of pure strategy corresponded to the order of the above respectively are: (P, P), (P, NP), (NP,
P), (NP, NP).
Figure 1 reveals almost all the information of the game (e.g. A can choose before B). Next, it can apply
backward induction method to solve the perfect Nash equilibrium in accordance with the information from
Figure 1 as follows: B’s optimal strategy is (P, P) in the stage two, namely whatever A pick in stage one, B will
choose P in that if A picks NP, B will obtain the payoff of a-a/Y >0, even if A picks P, B will still get the payoff
of a-2a/Y >0, which is got much better of picking NP. Nonetheless, A will anticipate B’s strategy described as
above when he makes his mind, hence P is the optimal action of A. All in all, (P, P) is the perfect Nash
equilibrium of this game.
The previous analysis illustrates the case of two players, given that the residents of river are numerous and
possibly involved, their behaviours will be continuously carried on evidently, so studying on a repeated and
limited times (Note 3) game should be more realistic. The repeated game gets the hypothesis as before. Imagine
that the third player starts to enter the game. He, a newcomer, will treat all the actions of A and B, (P, P), as a
whole sensitively, at the same time, he can anticipate his and the next newcomer’s choices of NP will be
incredible for each other, his optimal strategy is P resultantly. Similarly, the fourth entrant will select P in the
nature of things. So, an analogy procedure happens afterwards, when Y players are entirely involved in the game,
all the newcomers will pick P that leads the final unique subgame perfect Nash equilibrium is (P, P). This means
everyone’s choice is P when the game repeats finite times. Even the river gets a certain self-purification capacity
of Q (whether it exists or can be known in advance or not), people’s total pollution will soon exceed such an
amount and their actions will keep continuous. Finally, the situation of making mistakes unrepentantly appears
just like the description by Hardin. The river is plunged into an over-polluted position, which is impossible in
sustainable development.
2.3 Game Analysis of the Long Term
The above analysis distinctly infers that when the game enters into the long-term stage, the situation may be
more serious. Only does the way to change players’ payoffs can change their strategies to achieve some new
game equilibrium. There are two aspects to illustrate the above issues: firstly, when the amount of pollution tends
to T gradually, the negative ecological effects show clearly, income will be reduced even to the negative by
degrees, at that time the players will change their strategies through the endogenous game rules. While the river
will be contaminated too severely to recover by far, it is not wise to do so; secondly, changing of the payoffs
through a series of constraint conditions will be more effective than the former approach. That is to say, the
institution which is regarded as the carrier of constraint conditions should be paid more attention. As North said
in his seminal book: Institutions are the rules of the game in a society or, more formally, are the humanly devised
constraints that shape human interaction……In the jargon of the economist, institutions define and limit the set
of choices of individuals (North, 1990). The essence of institution is to produce incentive effects, then, what
work should the institutions do to protect river from tragedy?
3. New Institutional Economic (NIE) Analysis of the River's Tragedy of Commons
3.1 Microscopic Analysis of NIE
The assumptions of NIE are bounded rationality and incomplete information of human beings, which is opposite
to that of Game Theory, yet, closer to the real world. Also in the 60s of last century, Coase described the tragedy
of the commons too, taking the cattle as example, in his classic paper named the problem of social cost (Coase,
1960). He indicated the reason why people were engaged in such activities, from which they endlessly get more
personal interest than social cost, was the ambiguous property rights resulted from the marginal personal income
is greater than the marginal social cost dispersed into society and shouldered by other individuals. The firms
appear to reduce the transaction costs of tradeoffs, which is a representative of the planning mechanism (Coase,
1937). It means the planning mechanism can substitute the price mechanism. Meanwhile, the latter can replace
the former which can be attributed to the decline of transaction costs.
Therefore, the planning mechanism of government and the price mechanism of market should go hand in hand
and replace with each other to reduce transaction costs in the process of river management. Moreover, the
corporate boundary should be controlled to a point that the cost of planning mechanism must be equal to the cost
of price mechanism when they complete the same tradeoffs (Coase, 1937). It means a power limit for
government; it looks like a corporate, in the river management. In general, the government’s power limit is born
when the government administration and market tradeoffs have the same effect and each marginal cost is equal.
In the strategies of the tragedy of the commons of river, the role of price mechanism has been underestimated,
the invisible hand of river market does not play its full role, so it is the highly time that the government used
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price mechanism to replace part of planning mechanism.
The key to price mechanism is the goods can be dealt with each other under a definitely clear property rights.
But the river, as a large carrier of natural resources, establishes a pure private property rights that will produce
huge transaction costs or bring a tragedy of the anti-commons phenomenon (Heller, 1998) because of the
underutilization of resources. In addition, the application of extreme common property rights will increase
dramatically the rent dissipation of river resources; the situation will be more serious. Therefore, the possible
property rights form exists between the pure private property rights and extreme common property rights
(Cheung, 2000). That is to say the possible method is to implement some necessary regulations or limitations,
then the institutions, involving a series of constraint conditions, should be set up to reduce the transaction cost
brought by uncertainty and asymmetric information. What is more, the institution needs a trial and error, part of
property rights, placed into the public domain (Bazel, 1997), will lead to lots of transaction costs from bargaining,
so the rules should be clear enough to avoid unnecessary dissension, which would be best provided by the law.
Not only is the main function of this institution to guarantee the river materials can own a clear property rights
and transact freely in the market, but also establish the river management system in line with ethics and equity,
such as ecological compensation system. Meanwhile, such project is so costly that only can be provided by the
government.
3.2 Intermediate Analysis of NIE
All the players of river can be approximately regarded as an interest group whose common pursuit is to
maximize their benefits from river resources, but they get into a dilemma of collective action at last described by
the above game analysis. All the groups can be divided into two parts of compatible groups and exclusive groups
(Olson, 1995). The stakeholders of the group are facing a minute cake situation, playing a zero-sum game, and
are mutually exclusive. But this cake is depleted; therefore, individual rationality ultimately leads to unprofitable
interest. The compatible group will be easier to achieve the common interest than the exclusive one generally;
then, the corresponding institutions should be set to make the river interest groups transformed from exclusive
group to compatible group so that the zero-sum game can become positive sum game. The key to do so is to
change the direction of the utility function, and consequently the representative function of the interest will be
the protection function rather than the pollution function.
Clearly, some selective incentive institutions can complete the transformation described above (Olson, 1995),
namely, by implementing a system of clear incentive and penalty for members of interest group. For example,
establish the river ecological compensation mechanism on relevant stakeholders, includes penalty for damage
and encouragement for protection. Not only does the amount of punishment include the value of contaminative
resources, but also a part of the incentive so that the return of pollution is a negative number. Not only does the
amount of award include the protection cost, but also a part of incentive so that the protection gains a positive
number. The purpose of this is to change the direction to achieve compatibility. However, there are so many
stakeholders of the river interest groups, and defining the property rights, reducing the scale or members of the
groups as well as decreasing the transaction cost for definition are all the prerequisites to implement
compensation, so it is too difficult to define the compensation stakeholders.
3.3 Macroscopic Analysis of NIE
In considering the institutional change from the macroscopic horizon, in the short term, it is difficult to persuade
the players to stop from utilizing the resources in terms of conscience or morality, besides, the cost is quite high.
The public order and good of mankind exists as an informal institution, its formation is very difficult but has a
far-reaching and lasting influence on behaviors of human being. When the formal institution works in the long
run effectively, people will enjoy the long-run benefit and form an informal institution gradually and
instinctively because of the institution restriction. As the river protection formed, non-polluting behaviour will
become endogenous variable to form the self-protective behaviour; the tragedy of the commons can be finally
resolved practically. This also further illustrates that more attention should be paid to the establishment of the
informal institution to solve the tragedy of the commons, although the formation of tragedy is a short-term
process, while it is a long process to get out of it.
4. A Case Study on Jinhua River
4.1 Presentation of the Case
Jinhua River is located in the central region of Zhejiang Province and flows through four counties in turn: Pan’an,
Dongyang, Yiwu and Jinhua, which is about 200 kilometers and can be defined as a medium-sized river. In 2003,
Pan’an’s population was 2,062 million, but, Dongyang, Yiwu and Jinhua population are all three times more than
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that of Pan’an; per capita GDP of Pan’an was 8007yuan (RMB), whereas Yiwu, Dongyang had reached
17,973yuan and 27,783yuan separately. Pan’an situated in the upstream of the river had made a lot of work to
control the pollution and protect the water resources, so the water quality had been greatly preserved and
improved. In comparison, the highly developed industrial economy of Yiwu and Dongyang result in the further
deterioration of water quality in Jinhua River showed by Table 3 (Zheng, 2010), which indicates a serious
problem that the upstream was protecting, meanwhile, the downstream was polluting.
In recent years, the population of Yiwu, with another name of “the Chinese Commodity City”, has reached to
nearly 35 million; the water scarcity and industrial pollution severely restrict the continued development of the
economy, the sustainable development has faced a serious threat. With the industrial and social development, the
river’s tragedy of the commons will become more serious. It is unable to meet the basic needs of industrial and
domestic despite the establishment of Badu Reservoir in Yiwu. However, the water resources are very rich and
the water quality is much better in Dongyang, the per capita water resources of Dongyang is almost 90% more
than Yiwu. Two large reservoirs, Hengjin and Nanjiang reservoirs are in Dongyang. More than 3,000 tons of
water are lost except meeting their own needs every year. Especially 165 million cubic meters of water are not
being used in Hengjin Reservoir, in addition to the demand of irrigation and water supply for Dongyang (Zheng,
2010).
There are three solutions for Yiwu facing the situation of water pollution and shortage: firstly, expanse the
existing reservoirs; secondly, build up some new reservoirs; thirdly, invest to transfer water from other places.
Yet, due to industrial pollution and the terrain in Yiwu, it is not suitable for the construction of the reservoir, thus,
the third option has become the only choice.
After five years of negotiations and preparation, in the November 24, 2000, an agreement on the transfer of
water rights was signed between Dongyang government and Yiwu government. Provisions of the agreement are
as follows:
Firstly, the Yiwu municipal government pays a one-time payment of 200 million yuan to buy 49,999 million
cubic meters of water rights of Hengjin Reservoir per year, and the Dongyang government ensure the water
quality conform the national water class of Ⅰ, which is the best water rank in China;
Secondly, after the transfer of water rights, the original ownership of the reservoir is not changed, the Dongyang
government is still responsible for the reservoir’s engineering and maintenance. Yiwu government pay an
integrated management fee of 0.1yuan, including water charges, for per cubic meter according to the annual
actual water supply;
Thirdly, the pipeline from Hengjin reservoir to Yiwu is designed and invested by Yiwu, Jin from the horizontal
water project, City planning and design and by the investment and construction, the relevant policies and
pipeline construction within Dongyang is responsible by Dongyang itself, but the cost is borne by the Yiwu.
After more than three years of intense construction, in the January 6, 2005, with the success of the project
between Yiwu and Dongyang, it also declared the success of Chinese first water rights trading officially, which
had attracted a lot of attention.
Yiwu and Dongyang has achieved some economic and social benefits since the successful launch of the first
water rights trading in China (Qin, 2010). Many scholars take it as a typical case to analyze the innovation and
experience of the water rights trading in Chinese water resources management (Wang & Hu, 2001; Wang & Han,
2003; Shen, 2005; Shen & Zhu, 2006; An & Yin, 2007; Zheng & Xu, 2007; Zhao & Hu, 2007; Zhang, 2010).
Overall, these findings were all concluded: this was a great innovation in China’s water resource management,
which had broke the difficult situation of river administration by government and would be of great significance
in the history of water management in China. With the success of this practice, water trading have started in
other places of China gradually, such as: emission rights trading in Shanghai and Jiaxing (Shen, 2004); Zhangye,
in Gansu province, used the water rights of irrigation to trade to make a water-saving attempt (An & Yin, 2007).
From a view of the project efficiency, Dongyang started to save and protect the water resources after
acquirement of the funds. Moreover, the per cubic meter water could get a benefit of 4yuan but the cost of it was
less than 1yuan when the water rights was transferred to Yiwu. Although Yiwu paid 4yuan for the cost of per
cubic meter of water, but if they chose to establish the new reservoir, it would be 6yuan of per cubic meter. The
deal reached the cost-effective win-win situation at last, improving the social welfare level of Dongyang and
Yiwu. Especially Yiwu solved the difficulty on the water bottleneck, or it can be said the tragedy of the commons
dilemma, through water rights trading at little cost and laid a solid foundation for the construction of the
International Trade City. The 200 million yuan and the investment funds from pipeline project obtained by water
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trading for Dongyang energized the development of economy, in addition to helping to promote the water and
environmental quality around Hengjin Reservoir and achieve the environmental and economic win-win situation.
In general, the water rights trading between both sides is an effective way to make the river kept sustainable, and
the tragedy of the commons of Jinhua River has been alleviated to some extent. But it also brought some
negative effects, for example, the interests of some farmers who were belonged to the Hengjin irrigation
damaged (Zhao, 2007).
4.2 Discussions of the Case
The following conclusions can be drawn, through the NIE analysis and the case above:
Firstly, market mechanism is an effective means to allocate water resources. It can definitely improve the
efficiency of resources’ allocation. This is a case of the synthesis of commons resolutions and implications for
marketing engagement and the stakeholder negotiation and compliance model for commons management (Shultz
& Holbrook). Furthermore, the success between both sides is a typical case that the market mechanism can
replace government planning mechanism to a more effective resources’ allocation. This is a major institutional
innovation and the inevitable result of induced institutional change in China. It has actually reduced the tragedy
of the commons of Jinhua River. But the government as the main dealer, which is single and largely restricted in
the market, should give more space to non-governmental dealers so that water rights trading can be more flexible
to play the role of price mechanism.
Secondly, clear water property rights are the primary condition for water rights trading. In theory, water rights
belong to the nation. Therefore, the ownership, the management rights and the use rights are serious separated
result in great difficulties for property rights trading. Water rights trading is the redistribution of ownership,
which must be clear defined. Obviously, from the point of overall Jinhua River, the water rights is not very clear
defined that Pan'an, in the upstream of the river, is excluded. Nonetheless, it is the source of water and has the
qualifications to profit. In addition, in order to protect water resources, Pan'an lost the economic development
opportunities, but it did not receive appropriate compensation, offering the incentive to make them continuing to
protect water resources. Besides, sound and clear feedback channels of ecological services are not established all
over the river displayed by Figure 2, which will not be helpful to the transmission of information and decrease
transaction costs.
Thirdly, both governments did not establish adequate mechanisms for supervision and management, and there is
no strong legal system to provide the definition of water rights and transaction process. In addition, the contract
signed is not perfect. Indicatively, it did not provide some approaches to the possible disputes after the water
rights trading. All these may increase the implementation costs and afterward transaction costs. The transaction
costs is the key variable for China’s water rights trading (Shen, 2004), whether the trade occurs or not, the
frequency and the net profit of the water rights trading all depend on their transaction costs (Colby, 1993).
5. Conclusions
From a view of rational persons, the reason for the tragedy of the commons of river is the repeated pollution
game among players in the short term, while the implementation of institution is very important for solving these
problems in the long run. Then, this paper discusses what institutions should work for the tragedy of the
commons of river from microscopic, intermediate and macroscopic views of the NIE respectively and a case of
water rights trading of Jinhua River, which is the first practical experience in China. It can draw the following
conclusions through the above analysis:
Firstly, the general idea to solve the tragedy of the commons of river to achieve rivers’ sustainable development
is to use a combination of government’s planning mechanism and the market’s price mechanism to optimize the
allocation efficiency of river resources, and to minimize transaction costs in the process of implementation of
various institutions.
Secondly, the existing government-led river management ought to leave some space to the market to carry out
price mechanism and provide appropriate institutional arrangement and property rights arrangement of river
management actively, as well as offer the platform for information exchange to support market tradeoffs. The
institution should be the strongest formal style such as the law, otherwise the constraint force of institution will
be influenced. The river management organization of government could control the scale, such as reducing the
links of management and flow of information, to decrease the proportion of organization or operation costs in
total transaction costs. It is necessary to establish the monitoring mechanism to control corruption, free riding
and opportunistic behaviour that may have a great impact on the cost which is most important to resolve tragedy
of the commons of the rivers in the whole process.
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Thirdly, reasonable arrangement of river property rights is the most important aspect to settle the tragedy of the
commons of river. While the difficulty and transaction costs would rise with the increasing of the property rights
objects, at the same way it will bring further exclusiveness of the interest groups. Given the wide range of river,
the government should reduce the number of property rights stockholders. For example, local government can
set up some special organizations on river property rights trading, which may be some non-governmental
organizations, to represent local residents in order to play down the stockholders. Moreover, such organizations
are supposed to work as the enterprises do in the market, namely, not only do they exercise the management
function, but also sign a contract with other river organizations as a dealer. Furthermore, the rules and contents of
contract will affect the later transaction cost largely; the cost and benefits brought by tradeoffs will be
reapportioned and redistributed in the interest groups.
Fourthly, the compensation system is an effective way to balance the interest, which will change the rules of
endogenous game by non-market methods and form the strong restriction force to protect river. The previous
establishment of property rights, however, will provide compensation system clear objects and subjects to reduce
the cost of compensation to improve the compensation benefits.
Lastly, although the establishment of some formal institutions are of great importance, but the publicity and
education of public awareness would make the institutions flexible so that the hard constraints of formal
institution and the soft constraints of informal institution can play a role jointly to improve efficiency.
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Notes
Note 1. We don't consider short-term ecological benefits, in fact, it is difficult to quantify ecological benefits.
The choice of rational players is based on explicit values (e.g. pollution’s benefit).
Note 2. The small self-purification ability results in a very small Q, many analysts assume that players know Q,
yet actually it is difficult to accurately quantify Q.
Note 3. Possible reasons are: 1, the river resources are limited, so is the pollution capacity, which is assumed to
be T in this article; 2, the players are quantitatively finite and the number is Y; 3, some players will end the action
because of some majeure factors, such as death.
Table 1. Payoff matrix of the simultaneous-move game

A

N
NP

B
N
(a-2a/Y, a-2a/Y)
(-a/Y, a-a/Y)

NP
(a-a/Y, -a/Y)
(0, 0)

Table 2. Strategic expression of the dynamic game

A

N
NP

(N, N)
(a-2a/Y, a-2a/Y)
(-a/Y, a-a/Y)

B
(N, NP)
(a-2a/Y, a-2a/Y)
(0, 0)
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(NP, N)
(a-a/Y, -a/Y)
(-a/Y, a-a/Y)

(NP, NP)
(a-a/Y, -a/Y)
(0, 0)
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Table 3. Main pollutants density control in Jinhua River
Counties

Water

PH
Index

Permanganate
Index

Pan’an

Enter
Leave
Enter
Leave
Enter
Leave
Enter
Leave

3
3
3
3
3
3
3
3

3
2
2
5
5
5
4
3

Dongyang
Yiwu
Jinhua

Ammonia
& Nitrogen

Fluoride

3
5
5
>5
>5
>5
>5
>5

3
3
3
5
5
5
>5
>5

COD
3
2
2
>5
>5
5
4
4

A
①(a-2a/Y, a-2a/Y)

NP

P

②(a-a/Y, -a/Y)
③(-a/Y, a-a/Y)
④(0, 0)

B

B
P

NP

①

②

P
③

NP
④

Figure 1. Extensive form representation of the dynamic game (Game Tree)

Upstream
(Pan’an)

①

④

Middle Reaches
(Dongyang)

②

Middle Reaches

⑤

(Yiwu)

③

⑥

Downstream
(Jinhua)

Notes: ①Ecosystem services of water; ②Water rights trading; ③No ecosystem services of
water; ④Compensation; ⑤Punishment for compensation; ⑥Punishment for compensation.
The dashed line expresses the behaviours should happen but not in fact, the solid line
represents the behaviours have occurred actually. This figure is a research results from
Zheng (Zheng, 2010), however, with some changes.
Figure 2. Channels of information on ecosystem services of Jinhua River
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