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Abstract: Environmental issues brought by polluting industries’ shift have not been effectively solved by the regulation of the market mechanism, and the existence of market failure provides a reason for the government environmental regulation. However, in order to pursue rapid economic development, some local governments race loosening environmental regulations at the cost of the ecological environment and even apply no regulation, which also causes the failure of government environmental regulation. While the public, as the stakeholder of the environmental profits, actively participate in environmental supervision and management causing the appearance of game process between the public and polluting industries. This article analyses the strategy choosing behavior of the interaction between the public and polluting industries by evolutionary game method, revealing the deep reasons of polluting industries’ shift.
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1. Introduction

With the acceleration of industrialization of our country, polluting enterprises in the perfectly competitive market economy begin contemplating the development model of “high input, high consumption, high pollution” reasonably. Especially when our government intervenes in the environmental protection with state’s power, taking the environmental regulation as the critical method of solving environmental issues, the profit game starts between the government and polluting industries. However, the failure of market and governments in environmental issues also offer the opportunities for public involvement. Polluting enterprisers keep sacrificing the ecological environment in order to retain the vested interests, making them become the cruelly supervised targets. Therefore, polluting enterprises shift to regions with weak environmental regulation and public involvement to evade high environmental cost. The interest game between public and polluting enterprises appears at the same time. This article analyses the static and dynamic game process of the public and polluting intensive enterprises, revealing the mechanism of polluting enterprises by evolutionary game model and graphical method. it provides decision-making reference for realizing the sustainable development of regional economy.
2. Basic Model Assumptions
We assume that polluting enterprises’ politic behaviors are “shift” and “no shift”, and the public’s politic behaviors are “involvement” and “noninvolvement”. The two subjects are limited rational decision makers. We randomly choose a subject from the two in each game process. At the same time, without considering the two main game sequence, namely, polluting enterprises and the public can simultaneously choose the game strategies, the polluting enterprises’ policy set is 
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We assume that the probability of government environmental regulation is
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, and the penalties exerted on polluting enterprises’ misbehaviors show in two aspects. On the one hand, P is a fine to polluting enterprises; on the other hand, M is a compensation to public affected by pollution. We usually think that the public will gain the corresponding compensation only when they choose to involve. The total revenue of polluting enterprises is R and their shift cost is C1. The cost of public involvement is C2 and their benefit loss for pollution caused by polluting enterprises choosing no shift is L(
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). When the polluting enterprises choose shift policy, the public will get non-compensation even choosing involvement policy. The game payoff matrix of polluting enterprises is shown in Fig. 1.
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Fig. 1 Game Payoff Matrix of Polluting enterprises and Public
3. Model Construction
We assume that x percent polluting enterprises shift and (1-x) percent polluting enterprises choose to stay. Besides, y percent public choose to be involved and (1-y) percent people choose noninvolvement. The symbols x and y usually are functions of t (time). When the learning speed of polluting enterprises and the public is slow, meaning as polluting enterprises change its policies, the public react slowly, and so do polluting enterprises, the speed of proportional dynamic change of polluting enterprises and public selecting the shift and involvement policies can be equated by evolutionary game replicator dynamics as below:
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The expected return of polluting enterprises choosing shift policy is:
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                        (3) The expected return of polluting enterprises choosing no shift policy is:

[image: image9.wmf][

]

2

()(1)()

yRMPyRPRyMP

pdddd

=-++--=--

            (4)
The total expected return function of polluting enterprises inferred by equation (3) and (4) is: 
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Similarly, the expected return of the public choosing involvement policy is:
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The expected return of the public choosing noninvolvement is:
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The total expected return function of the public obtained by equation (5) and (6) is: 
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The evolutionary game replicator dynamics equation obtained by equation (1) and (2) is:
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So, we make
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, the possible stable state of equation (7) is:
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Then we take
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, the possible stable state of equation (8) is:
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In addition, the system Jacobian matrix obtained by equation (7) and (8) is: 
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Therefore, the Jacobian matrix J trace obtained from the above equation is: 
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The Jacobin matrix J determinant is: 
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4. Model deduction
When
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, the cost of polluting enterprises choosing shift policy is low and less than the expected fine of government, while the cost of public choosing involvement is low and less than the expected return. Therefore, the evolutionary game replicator dynamics equation has four balance points, which are O(0,0), E(1,1), Q(1,0) and G(0,1). In addition, replicator dynamics equation has another solution that is 
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). The stability of the balance points and the according phase diagrams can be shown in Tab. 1 and Fig. 2. As can be known from the table, the evolutionary stable strategy (ESS) of the low cost of polluting enterprises shifting and public involvement is Q(1,0). Namely after the dynamic evolutionary game, polluting enterprises will choose shift policy, and public will choose noninvolvement policy. In this circumstance, polluting enterprises often shift to the areas with low level public involvement because of the shifting cost less than the governmental fine. At this point, considering the involvement cost and their own interests haven’t been affected, the public will choose noninvolvement policy.
          Tab. 1 The Stability Conditions of Polluting enterprises Low Shifting Cost and Public Low Involvement Cost
	Balance Solution
	Equation Type
	Equation Result
	Sign
	Stability
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Fig. 2  Evolutionary Game Phase Diagram of Polluting enterprises and Public
When
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, the cost of polluting enterprises choosing shift policy is high and more than the expected loss if it chosen no shift policy, the cost of public choosing involvement policy is more than its expected return. The evolutionary game replicator dynamics equation has four balance points, which are O(0,0), E(1,1), Q(1,0) and G(0,1). In addition, replicator dynamics equation still has another solution, which is
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. The stability of the balance point can be shown in Tab. 2, and the corresponding evolutionary game phase diagram can be shown in Fig. 3. As can be known from the table, the evolutionary stable strategy (ESS) of the high cost of polluting enterprises shifting and the high cost the public involvement is O(0,0), namely after the dynamic evolution game, polluting enterprises will choose no shift policy, and public will choose noninvolvement. In this circumstance, polluting enterprises would rather accept the government penalty and compensate the public than choose shift policy for the shifting cost is more than its expected loss. Since involvement cost is more than the expected earnings and the public can get some compensation without involvement, public involvement degree declines. Finally, polluting enterprises give up shifting to low public involvement area and continue to compensate the public.
         Tab. 2 The Stability Conditions of Polluting enterprises High Migration Cost and the Public High Participation Cost
	Balance Solution
	Equation Type
	Equation Result
	Sign
	Stability
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Fig. 3  Evolutionary Game Phase Diagram of Polluting enterprises and the Public
When
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, the cost of polluting enterprises choosing shift policy is high and more than the expected loss of choosing no shift policy, the cost of the public choosing involvement is less than the expected return. At this time, the stability conditions of the balance points are shown in Tab. 3, the corresponding evolutionary game phase diagram is shown in Fig. 4. As can be known from the table, the evolutionary stable strategy (ESS) of the high cost of polluting enterprises shift and the low cost the public involvement is G (1, 0), namely, after the dynamic evolutionary game, polluting enterprises choose not to shift, while the public choose to involve. In this circumstance, polluting enterprises would accept the government penalty and compensate the public, rather than shift to other areas, since the shifting cost is higher than its expected loss. While the public prefer to be involved and give up the compensation from polluting enterprises in order to maintain a nice living conditions since the involvement cost is lower than its expected earnings.
   Tab. 3  The Stability Conditions of Polluting enterprises High Shifting Cost and the Public Low Involvement Cost
	Balance Solution
	Equation Type
	Equation Result
	Sign
	Stability
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Fig. 4  Evolutionary Game Phase Diagram of Polluting enterprises and the Public
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, the cost for polluting enterprises to choose shift policy is relatively low and less than the government expected fine, while the cost for public to choose involvement policy is more than its expected return. At this time, the stability conditions of respective balance points are shown in Tab. 4 and the according evolutionary game phase diagram is shown in Fig. 5. known from the table, the evolutionary stable strategy (ESS) of the low cost of polluting enterprises shift and the high cost the public involvement is Q (1,0), namely, after the dynamic evolutionary game, polluting enterprises choose shift policy and the public choose not to be involved. In this circumstances, polluting enterprises often shift to areas with low public involvement to evade the high penalty which is higher than the shifting cost. At this point, the public won’t to be involved since considering the comparatively high involvement cost and their profits which are not affected by shifting enterprise.
       Tab. 4  The Stability Conditions of Polluting enterprises High Shifting Cost and the Public Low Involvement Cost
	Balance Solution
	Equation Type
	Equation Result
	Sign
	Stability
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Fig. 5  Evolutionary Game Phase Diagram of Polluting enterprises and the Public
When
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, the cost  for polluting enterprises to choose shift policy is more than the government expected fine and less than the expected loss of choosing to stay. The cost for the public to choose involvement policy is more than its expected return (
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). At this time, the stability conditions of the balance points are shown in Tab. 5. The corresponding evolutionary game phase diagram is shown in Fig. 6. Known from the table, the evolutionary stable strategy (ESS) of the low cost of polluting enterprises shift and the high cost of the public involvement is O (1,0) , namely, after the dynamic evolution game, polluting enterprises choose no shift policy and the public choose noninvolvement policy.
 Tab. 5  The Stability Conditions of Polluting enterprises High Shifting Cost and the Public Low Involvement Cost
	Balance Solution
	Equation Type
	Equation Result
	Sign
	Stability
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Fig. 6  Evolutionary Game Phase Diagram of Polluting enterprises and the Public
When
[image: image189.wmf]1

PCPM

ddd

<<+

& 
[image: image190.wmf]2

CM

d

<

, the cost for polluting enterprises to choose shift policy is more than the government expected fine and less than the expected loss of no shift policy,. The cost for the public to choose involvement policy is less than its expected return. At this time, the evolutionary game replicator dynamics equation has five balance points, which respectively are O(0,0), E(1,1), Q(1,0), G(0,1) and D(
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).The stability of the balance points (from Tab. 6) shows that there is no evolutionary stable strategy. In this case, getting the central point D(x*,y*), which means polluting enterprises and the public all choose the mixed strategy. Derivating 
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. Therefore, we are convinced that with the continuous ascend of public involvement cost, polluting enterprise increasingly tend to no shift policy, while the public involvement level also ascends as the polluting enterprise’ shifting cost keeps ascending. (from Fig. 7).
       Tab. 6  The Stability Conditions of Polluting enterprises High Migration Cost and the Public Low Participation Cost
	Balance Solution
	Equation Type
	Equation Result
	Sign
	Stability
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Fig. 7  Evolutionary Game Phase Diagram of Polluting enterprises and the Public
5 Conclusion
Known form the six situations above, the cost level of polluting enterprises shift and the public involvement exert certain influence upon their choices for policies (from Fig. 8). For polluting enterprises, if the shifting cost was relatively high, regardless of whether the public choose involvement policy or not, polluting enterprises would certainly choose not to shift. When the shifting cost of polluting enterprises was low, then no matter what the public would choose, polluting enterprises would choose to shift. For the public, when their involvement cost was high, regardless of what polluting enterprises would choose, the public would usually get lower loss by not to be involved. When the cost of involvement was low, the public would make decisions depending on the policy chosen by the polluting enterprises, and it’s often contrary to the public policy direction. Generally speaking, the polluting enterprises with relatively high shifting cost tend to choose to stay,  while the ones with lower shifting cost tends to shift to other areas. 
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Fig. 8 The Strategy Choice of Polluting enterprises and the Public Under Kinds of Cost
But in the real economic activities, polluting enterprises not only take their own shifting cost but also the public involvement situations into consideration to decide whether to shift or not. People with high involvement cost prefer not to be involved or seldom to be, and then the polluting enterprises tend to stay since the declining public involvement supervision which causes the unsettlement of local environmental problems. While the declining involvement cost can improve the degree of public involvement in environmental supervision and protection and push the polluting enterprises to shift to low public involvement areas. Besides, in the condition of stable public involvement, the higher polluting enterprises shifting cost is, the more the polluting enterprises affected. The lower polluting enterprises shifting cost is, the less the polluting enterprises affected. Similarly, if the more the polluting enterprises affected by the public, the higher the degree of public involvement and the lower the public involvement cost would be. 
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