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Abstract. Polluting civil construction enterprises usually use the way of "voting with their feet" to exert 
influence on the efforts of local government's environmental regulation, promote the formation of collusion 
between government and enterprises, and make the local government relax the supervision on the emission 
behavior of civil construction enterprises. Based on the Tibert model, this paper uses the evolutionary game 
method to study the collusion between government and enterprises in the cross regional migration of civil 
construction enterprises and its prevention. The results show that: when the civil construction enterprises 
comply with the production, the local government's optimal strategy is non collusion strategy; similarly, when 
the local government is not willing to collude, the non-collusion choice of civil construction enterprises will 
get higher benefits than collusion. In addition, the cost of civil construction enterprises transferring between 
different regions, the loss caused by the collusion between civil construction enterprises and local 
governments, and the probability of local government violations being found can effectively prevent the 
collusion between local governments and civil construction enterprises. 

1 Introduction 

Polluting enterprises always show their preference for the 
environmental regulation of local governments. Once the 
local government strictly supervises the environmental 
behavior of enterprises and is unwilling to collude with 
enterprises, the enterprises will flow to other areas with 
weak environmental regulation. This kind of cross 
regional flow of enterprises is a typical "Tibert" choice, 
that is, enterprises can adopt the "foot voting" way such as 
cross regional flow and transfer investment to achieve the 
impact on local governments. Furthermore, enterprises are 
more willing to collude with local governments, and local 
governments will weaken the supervision of enterprises. 
For example, in the international, enterprises move from 
the United States to the countries or regions with weak 
environmental regulations such as East Asia, but have 
urgent needs for economic development; in China, the 
heavy polluting enterprises in the east area migrate to the 
regions with relatively weak environmental regulation in 
the West. Behind these phenomena, enterprises can 
maximize their economic benefits by lobbying local 
governments to reduce environmental protection, so as to 
realize mutual benefit between the government and 
economic elite. From the communique of environmental 
supervision in China, in the field of environmental 
management, almost every illegal event has been followed 
by collusion between the government and enterprises. In 
recent years, although the construction of government 
integrity has been on the way, various corruption and 
illegal behaviors have been paid high attention, but it is 
still difficult to effectively restrain the collusion between 

government and enterprises. In fact, the collusion between 
government and enterprises in the field of environmental 
management has affected the historical responsibility of 
the construction of "beautiful China" in China, which 
seriously damages social welfare, which has become a hot 
topic in academic circles. 

This paper uses evolutionary game theory to study the 
collusion between government and enterprise and its 
evolution process when the enterprise has "Tibert" 
selection characteristics, and brings the behavior decision 
of participants into the game model, analyzes the 
evolution trend and evolution law of the population, 
obtains the evolution law of the strategy of the participants 
according to the replication dynamic equation, and then 
studies how to effectively prevent the collusion between 
local government and enterprise Conspiracy. On the one 
hand, this study is more in line with the preferences of 
enterprises in the process of cross regional migration, on 
the other hand, it is based on the perspective of the overall 
allocation of public goods to study the collusion between 
government and enterprises in regional environmental 
governance. 

2 Model building 

In the game model constructed in this paper, the 
participants of the game are local government group and 
enterprise group, and both groups have two strategic 
choices. Among them, the local government has two 
strategic choices, one is not willing to collude with the 
enterprise, the proportion is 𝑥 , the other is willing to 
collude with the enterprise, the proportion is 1 െ 𝑥; the 
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enterprise also has two strategic choices, one is not 
colluding with the local government, the proportion is 𝑦, 
the other is actively colluding with the local government, 
the proportion is 1 െ 𝑦. 

Assuming that the economic income of the enterprise 
choosing not to collude with the government is 𝑇 , the 
choice of the enterprise to collude with the government 
means more economic output, which is set to 𝑇′, where 
𝑇ᇱ ൐ 𝑇 . If the enterprise chooses collusion strategy and 
local government chooses not to collude, the enterprise 
has the right to vote to move to other areas willing to 
collude with the enterprise and reduce the intensity of 
environmental regulation. In the process of the flow, the 
enterprise has complete information, but it needs to pay 
the transfer cost 𝑡  in the process of transfer. If the 
enterprise and local government collude, it needs to pay 
the rental fund 𝐾  and 𝑚  The possibility of the 
discovery and the loss found is 𝐸 ; when both the 
enterprise and the local government choose to collude, this 
indicates that the enterprise forms a conspiracy with the 
local government in the original area, and the rent-seeking 
is successful, and the rental fund 𝐾  is paid to obtain 
greater economic output, but there is still a certain 
probability that M is issued, and once found, it will lose 
𝐸; 

Based on the above assumptions, the income matrix of 
this model is shown in Table 1: 

Table 1 Income matrix of enterprises and local governments 

Local 
governments 

Enterprises 
No collusion Collusion 

Collusion 
𝐸௔ ൌ

𝜂𝑊,𝐸௘ ൌ 𝑇 
𝐸௘ ൌ െ𝑊, 𝐸௚ ൌ 𝑇ᇱ െ 𝐾 െ

𝑡 െ 𝑚𝐸 

No collusion 
𝐸௕ ൌ 𝜂𝑊 െ
𝑛𝑓, 𝐸௙ ൌ 𝑇 

𝐸ௗ ൌ
்ᇲ

்
𝜂𝑊 ൅𝑚ሺെ𝑊ሻ െ

𝑚𝐹, 𝐸௛ ൌ 𝑇ᇱ െ 𝐾 െ𝑚𝐸 

3 Model analysis 

On the basis of the above model assumptions, the 
replication dynamic equations of enterprises and local 
governments are calculated respectively. Suppose that at 
0, the proportion of local government's non-collusion is 𝑥, 
then the proportion of collusion is 1 െ 𝑥 ; similarly, the 
proportion of enterprise's non-collusion is 𝑦 , and the 
proportion of collusion is 1 െ 𝑦. 

The revenue 𝑈ଵ  and 𝑈ଶ  of local government 
departments choosing non-collusion and collusion are： 

𝑈ଵ ൌ 𝑦𝐸௔ ൅ ሺ1 െ 𝑦ሻ𝐸௘ 
𝑈ଶ ൌ 𝑦𝐸௕ ൅ ሺ1 െ 𝑦ሻ𝐸ௗ 

The income 𝑉ଵ and 𝑉ଶ of enterprises' choice of non-
collusion and collusion are as follows: 

𝑉ଵ ൌ 𝑥𝐸௘ ൅ ሺ1 െ 𝑥ሻ𝐸௙ 
𝑉ଶ ൌ 𝑥𝐸௚ ൅ ሺ1 െ 𝑥ሻ𝐸௛ 

According to the relevant evolutionary game theory, 
the dynamic equation of replication between enterprises 
and local governments is as follows: 

𝐹ሺ𝑥ሻ ൌ
𝑑𝑥
𝑑𝑡

ൌ 𝑥ሺ1 െ 𝑥ሻሾ𝑦ሺ𝐸௔ െ 𝐸௕ െ 𝐸௘ ൅ 𝐸ௗሻ ൅ 𝐸௘ െ 𝐸ௗሿ 

𝐹ሺ𝑦ሻ ൌ
𝑑𝑦
𝑑𝑡

ൌ 𝑦ሺ1 െ 𝑦ሻሾ𝑥൫𝐸௘ െ 𝐸௚ െ 𝐸௙ ൅ 𝐸௛൯ ൅ 𝐸௙ െ 𝐸௛ሿ 

The Jacobian matrix of the equation is: 

𝐽 ൌ ൤
𝐽ଵ 𝐽ଶ
𝐽ଷ 𝐽ସ

൨ 

Among 𝐽ଵ ൌ ሺ1 െ 2𝑥ሻሾ𝑦ሺ𝐸௔ െ 𝐸௕ െ 𝐸௘ ൅ 𝐸ௗሻ ൅ 𝐸௘ െ 𝐸ௗሿ 
𝐽ଶ ൌ 𝑥ሺ1 െ 𝑥ሻሺ𝐸௔ െ 𝐸௕ െ 𝐸௘ ൅ 𝐸ௗሻ 
𝐽ଷ ൌ 𝑦ሺ1 െ 𝑦ሻሺ𝐸௘ െ 𝐸௚ െ 𝐸௙ ൅ 𝐸௛ሻ 

𝐽ସ ൌ ሺ1 െ 2𝑦ሻሾ𝑥൫𝐸௘ െ 𝐸௚ െ 𝐸௙ ൅ 𝐸௛൯ ൅ 𝐸௙ െ 𝐸௛ሿ 

4 Evolutionary stability analysis of the 
model 

It can be seen from the previous paper that0 ൑ 𝑥 ൑ 1,0 ൑
𝑦 ൑ 1 , so the analysis interval of the system is 𝑀∗ ൌ
ሼሺ𝑥,𝑦ሻ|0 ൑ 𝑥,𝑦 ൑ 1ሽ. 

According to the relevant constraints in the 
matrix,𝐸௔ ൐ 𝐸௕, so there are eight cases shown in Table 2. 

Table 2 Stable point analysis of eight cases 

 𝐸௔ െ 𝐸௕ 𝐸௖ െ 𝐸ௗ 𝐸௘ െ 𝐸௚ 𝐸௙ െ 𝐸௛ 
Case 1 ൅ ൅ ൅ ൅ 
Case 2 ൅ ൅ ൅ െ 
Case 3 ൅ ൅ െ ൅ 
Case 4 ൅ ൅ െ െ 
Case 5 ൅ െ ൅ ൅ 
Case 6 ൅ െ ൅ െ 
Case 7 ൅ െ െ ൅ 
Case 8 ൅ െ െ െ 
 
Let 𝐹ሺ𝑥ሻ ൌ 0  and 𝐹ሺ𝑦ሻ ൌ 0 , the possible solutions 

are ሺ0,0ሻ, ሺ0,1ሻ, ሺ1,0ሻ, ሺ1,1ሻ  and ሺ𝑥∗,𝑦∗ሻ , among 𝑥∗ ൌ
ா೓ିா೑

ா೐ିா೒ିா೑ାா೓
 , 𝑦∗ ൌ

ா೏ିா೐
ாೌିா್ିா೐ାா೏

 . In particular, For 

ሺ𝑥∗,𝑦∗ሻ  in plane 𝑀∗ , only ሺ𝐸௛ െ 𝐸௙ሻሺ𝐸௘ െ 𝐸௚ሻ ൐ 0 
and ሺ𝐸௔ െ 𝐸௕ሻሺ𝐸ௗ െ 𝐸௘ሻ ൐ 0 . Only case 6 exists 
ሺ𝑥∗,𝑦∗ሻ in plane 𝑀∗. 

Substituting the above solutions into the matrix 𝐽, we 
can get: when the solution is ሺ0,0ሻ , 𝐽 ൌ

൤
𝐸௘ െ 𝐸ௗ 0

0 𝐸௙ െ 𝐸௛
൨ ; when the solution is ሺ1,0ሻ , 𝐽 ൌ

൤
𝐸ௗ െ 𝐸௘ 0

0 𝐸௘ െ 𝐸௚
൨ ; when the solution is ሺ0,1ሻ , 𝐽 ൌ

൤
𝐸௔ െ 𝐸௕ 0

0 𝐸௛ െ 𝐸௙
൨ ; when the solution is ሺ1,1ሻ , 𝐽 ൌ

൤
𝐸௕ െ 𝐸௔ 0

0 𝐸௚ െ 𝐸௘
൨ ; when the solution is ሺ𝑥∗,𝑦∗ሻ , 𝐽 ൌ

ቈ
0 𝑥ሺ1 െ 𝑥ሻሺ𝐸௔ െ 𝐸௕ െ 𝐸௘ ൅ 𝐸ௗሻ

𝑦ሺ1 െ 𝑦ሻ൫𝐸௘ െ 𝐸௚ െ 𝐸௙ ൅ 𝐸௛൯ 0
቉

. 
According to the determinant and the positive and 

negative of trace value, the different results are shown in 
Table 3. 

Table 3 Local stability in different cases 

 Source point saddle point Stable point 

Case 1 ሺ0,0ሻ ሺ0,1ሻ，ሺ1,0ሻ ሺ1,1ሻ 
Case 2 ሺ0,1ሻ ሺ0,0ሻ，ሺ1,0ሻ ሺ1,1ሻ 
Case 3 ሺ0,0ሻ ሺ0,1ሻ，ሺ1,1ሻ ሺ1,0ሻ 
Case 4 ሺ0,1ሻ ሺ0,0ሻ，ሺ1,1ሻ ሺ1,0ሻ 
Case 5 ሺ1,0ሻ ሺ0,0ሻ，ሺ1,1ሻ ሺ1,1ሻ 

E3S Web of Conferences 248, 02053 (2021)
CAES 2021

https://doi.org/10.1051/e3sconf/202124802053

2



 

Case 6 ሺ0,1ሻ，ሺ1,0ሻ ሺ𝑥∗, 𝑦∗ሻ 
ሺ0,0ሻ，
ሺ1,1ሻ 

Case 7 െ 
ሺ1,0ሻ，ሺ0,0ሻ，
ሺ1,1ሻ，ሺ0,1ሻ 

െ 

Case 8 ሺ0,1ሻ ሺ1,0ሻ，ሺ1,1ሻ ሺ0,0ሻ 
 
The phase diagrams of different cases are shown in 

Figure 1 and Figure 2. 
 

 
Figure 1 Replication phase diagrams of case 1 to case 4 

 

 
Figure 2 Replication phase diagrams of case 5 to case 8 

 
Among them, the initial states of case 1, case 2 and 

case 5 are (collusion, collusion), (collusion, non-collusion) 
and (non-collusion, collusion) respectively. These three 
cases will eventually evolve to (non-collusion, non-
collusion), and all conform to 𝐸௔ െ 𝐸௕ ൐ 0  and 𝐸௘ െ
𝐸௚ ൐ 0. The corresponding practical meaning is that when 
enterprises tend to choose non-collusion, local 
governments can obtain higher returns. This shows that 
when enterprises carry out production activities to comply 
with the relevant laws and regulations, local governments 
only choose not to collude in order to avoid the possible 
punishment. From another point of view, when the local 
government strictly abides by the relevant laws and 
regulations, the profit of non-collusion is higher than that 
of collusion. This shows that the local government 
chooses not to collude, and the expected profit of non-
collusion is much higher than the possible loss of cross 
regional transfer. 

The initial states of case 3 and case 4 are (collusion, 
collusion) and (collusion, non-collusion) respectively. 

After long-term evolution, these two cases will evolve to 
(non-collusion, collusion), and conform to 𝐸௔ െ 𝐸௕ ൐ 0 
and 𝐸௘ െ 𝐸௚ ൐ 0 . This shows that when the local 
government chooses non-collusion, the profit of 
enterprises choosing collusion is higher than that of non-
collusion. 

The initial state of case 8 is that the system evolves 
from (collusion, non-collusion) to (collusion, collusion), 
and the condition of 𝐸௔ െ 𝐸௕ ൏ 0 and 𝐸௘ െ 𝐸ௗ ൏ 0 and 
𝐸௘ െ 𝐸௚ ൏ 0 and 𝐸௙ െ 𝐸௛ ൏ 0. The real meaning is that 
no matter what action choice the enterprise and the local 
government make, the choice after the long-term 
evolution of the enterprise is collusion, and the choice 
after the long-term evolution of the local government is 
collusion, which is invalid at this time. 

Case 7 shows that local governments and enterprises 
always maintain periodicity in the process of evolution, 
which is not suitable for the analysis of this paper. 

In case 6, there are five equilibrium points, where 
ሺ0,1ሻ and ሺ1,0ሻ are the source points, ሺ0,0ሻ and ሺ1,1ሻ 
are the stable points, ሺ𝑥∗,𝑦∗ሻ are the saddle points, where 

𝑥∗ ൌ
ா೓ିா೑

ா೐ିா೒ିா೑ାா೓
 , 𝑦∗ ൌ

ா೏ିா೐
ாೌିா್ିா೐ାா೏

 , the connection 

lines of two unbalanced points ሺ0,1ሻ  and ሺ1,0ሻ  at the 
saddle points ሺ𝑥∗,𝑦∗ሻ  are the critical lines for the 
convergence of the system to two different modes. The 
change of different parameters will make the saddle point 
position change. By studying the regulation of the change 
of parameters on the behavior of game players, the system 
can evolve to the ideal mode. 

5 Analysis and control of model 
parameters 

The evolution of case 6 is the most complex. In this case, 
there are two kinds of strategic choices between local 
government and enterprises, namely (collusion, collusion) 
and (non-collusion, non-collusion). Although collusion is 
the best choice, only in the region s surrounded by points 
ሺ0,1ሻ  and ሺ0,1ሻ  and ሺ1,1ሻ  saddle points ሺ𝑥∗,𝑦∗ሻ , the 
system achieves the best. The parameters affecting the 
area of area s are analyzed and controlled. In this case, 

𝑆 ൌ 1 െ
1
2
ሺ𝑥∗ ൅ 𝑦∗ሻ 

𝑆 ൌ 1 െ
1
2
ቆ

𝐸௛ െ 𝐸௙
𝐸௘ െ 𝐸௚ െ 𝐸௙ ൅ 𝐸௛

൅
𝐸ௗ െ 𝐸௘

𝐸௔ െ 𝐸௕ െ 𝐸௘ ൅ 𝐸ௗ
ቇ 

Among 𝑥∗ ൌ
ா೓ିா೑

ா೐ିா೒ିா೑ାா೓
ൌ

்ᇲି௄ି௠ாି்

௧
 

𝑦∗ ൌ
𝐸ௗ െ 𝐸௘

𝐸௔ െ 𝐸௕ െ 𝐸௘ ൅ 𝐸ௗ

ൌ
ሺ1 െ𝑚ሻ𝑊 ൈ ൬

𝑇ᇱ
𝑇 𝜂 ൅ 1൰ െ𝑚𝐹

𝑛𝑓 ൅ ሺ1 െ𝑚ሻ𝑊 ൈ ቀ
𝑇ᇱ
𝑇 𝜂 ൅ 1ቁ െ𝑚𝐹

 

Table 4 The influence of each parameter change on the optimal 
state of the system 

parameter change Saddle point change Area S 
𝑡 ↑ 𝑥 ↓ 𝑆 ↑ 
𝑛 ↑ 𝑦∗ ↓ 𝑆 ↑ 
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𝐸 ↑ 𝑥∗ ↓ 𝑆 ↑ 
𝐹 ↑ 𝑦∗ ↓ 𝑆 ↑ 

 
According to the above, the following conclusions can 

be drawn: 
Proposition 1: The optimal area of the system 

evolution is positively related to the trans regional transfer 
cost of polluting enterprises. 

Proposition 2: The more easily the violations of local 
government are found, the larger the area of the system 
evolving to the optimal. 

Proposition 3: The larger the loss of collusion is found, 
the larger the optimal area of the system is. 

Proposition 4: The greater the loss of local government 
after collusion is found, the more likely the system will 
evolve to the optimal area. 

6 Conclusion 

For the local government, when the enterprises choose not 
to collude, the local government will get higher income; 
for the enterprises, similar to the local government, when 
the local government does not collude, the enterprise will 
get higher income. In other words, when either party of the 
game does not collude, the enterprise environmental 
behavior will evolve to the direction of compliance. 

The higher the cost of trans regional transfer, the more 
likely the players are to choose non-collusion. Enterprises 
take profit as the goal, and "cooperation" between 
enterprises and local governments is only to seek lower 
compliance cost, which can’t be met. Enterprises will 
choose to transfer across regions and cooperate with other 
parties to continue to seek lower compliance cost. In the 
behavior of enterprises choosing transfer, the cost of trans 
regional transfer is an important factor to decide whether 
the enterprises collude or not. 

The higher the possibility of local government 
violations being found, the more likely both sides of the 
game are to choose non-collusion. If we can't carry out the 
effective supervision on the work of local government, it 
will make the local government have higher moral hazard. 
Effective social supervision can supervise the local 
government, restrict its behavior, avoid the occurrence of 
illegal behavior, and cut off the interest chain between 
enterprises and local government. 

The greater the loss caused by the collusion between 
government and enterprise, the more likely both sides of 
the game choose not to collude. If the local government is 
expected to face lower losses, the higher the possibility of 
moral hazard of local government, the more enterprises 
will choose to collude with the local government. For 
enterprises, the possible losses mainly include related 
penalties and reputation loss. 
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