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Abstract: To promote low-carbon and green travel, this study proposes a tripartite evolutionary 

game model among new energy vehicle manufacturers, consumers, and government agencies. The 

game strategy combinations of each party and the stability conditions of the equilibrium point in 

the evolutionary game system are analyzed, and the validity of the conclusions is verified through 

simulation results. The study shows a strong correlation between the three parties in the evolution-

ary game system. From the perspective of car manufacturers, the probability of producing new en-

ergy vehicles is positively proportional to the subsidy received from new energy policy, the addi-

tional revenue gained from the management of the carbon trading scheme, and the fine received for 

producing conventional fuel vehicles. However, from the consumer perspective, the likelihood that 

consumers purchase new energy vehicles is positively related to the utility value to consumers and 

the coverage of public charging points in the city, and inversely related to the sales price of new 

energy vehicles. From the government perspective, a combination of direct subsidy policies and 

indirect support strategies should be considered to stimulate the rapid development of the new 

energy vehicle industry.  
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1. Introduction 

Achieving the "Carbon Peak" and "Carbon Neutral" targets is a significant strategic 

decision made by the Chinese government after careful consideration. Green and low-

carbon mobility has become a consensus among the whole society. In the government 

report of the National People's Congress in 2021, China clearly proposed to achieve 

"Peak Carbon" by 2030 and "Carbon Neutral" by 2060 [1]. However, being a developing 

country, China's energy consumption is dominated by traditional coal and oil. Although 

the growth rate of greenhouse gas emissions has slowed down in recent years, emissions 

from vehicles in the transport field are still on the rise. While people enjoy the fast, con-

venient, and comfortable travel that transport brings, carbon emissions from transport 

are also increasing year by year. Statistics show that China is currently one of the largest 

carbon-emitting countries in the world, and the transport sector ranks third in terms of 

carbon emissions, accounting for approximately 10% of all industries [2]. This indicates 

that China has a colossal task and challenge to successfully achieve the "dual carbon" 

target. To meet this goal, China needs to actively promote energy-efficient and low-car-

bon transport and encourage urban residents to switch to low-carbon and green travel as 

soon as possible. 
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New energy vehicles are powered by green and environmentally friendly electric-

ity, in contrast to traditional fuel vehicles that rely on non-renewable oil resources. How-

ever, the adoption of new energy vehicles in China remains low. As of June 2021, the 

Ministry of Public Security reported that out of the 384 million vehicles in the country, 

only 6.03 million were new energy vehicles, accounting for just 2.06% of the total [2]. To 

promote the healthy growth of the new energy vehicle industry, China has long sup-

ported its development. In 2021, the State Council released the "Action Plan to Reach the 

Carbon Peak by 2030," which set a target for new energy and clean energy-powered ve-

hicles to reach approximately 40% of all vehicles on the road by 2030, with an estimated 

10 million new energy vehicles purchased that year [3]. In order to compete with con-

ventional fuel vehicles and meet these ambitious goals, both government support and 

consumer demand are necessary. The governments can encourage car manufacturers to 

accelerate production of new energy vehicles, while also incentivizing consumers to in-

crease their purchase and use of such vehicles for transportation. As part of the national 

strategy to promote low-carbon mobility, exploring the evolutionary game among new 

energy vehicle manufacturers, consumers, and the governments is crucial to achieving 

the goals of "Carbon Peak" and "Carbon Neutral" in the transport sector as quickly as 

possible. 

In the past decade, China has witnessed rapid growth in the new energy vehicle mar-

ket, becoming the largest in the world. However, practical issues remain to be solved. For 

instance, while local governments offer subsidies or incentives to manufacturers and con-

sumers of new energy vehicles, deficiencies in such policies exist. Some manufacturers 

and consumers find ways to cheat the government subsidies by setting up intermediary 

leasing companies and selling vehicles directly to each other [4], causing irreversible 

losses to the subsidy system, offering no real policy protection to consumers, and placing 

a significant burden on government finances in the long run. If subsidies for the produc-

tion and consumption of new energy vehicles are gradually reduced or removed in the 

future, this may affect car manufacturers' strategies in producing new energy vehicles or 

discourage users from buying them. Therefore, it is necessary to examine whether subsi-

dies can be combined with other indirect incentives to promote the growth of the new 

energy vehicle market. Despite the government's support in increasing the production of 

new energy vehicles, many consumers remain skeptical about purchasing them due to 

concerns about the stability of the development process and the lack of complete charging 

infrastructure. Consumers' willingness to buy and use new energy vehicles as their pri-

mary mode of transportation depends largely on their evolutionary game strategy. 

The existing literature mainly focuses on discussing the effectiveness of government 

policies on new energy vehicles. It also analyzes the strategic combination choice from the 

vehicle manufacturers' perspective in the dynamic game relationship between two or 

three parties. Moreover, the literature explores the consumers' willingness to purchase 

new energy vehicles. However, there is a need for further research in this field to gain a 

more comprehensive understanding of the topic. 

Specifically, scholars have made a detailed analysis of various new energy vehicle 

policies adopted by the government, which are embodied in quota subsidies for the pro-

duction of new energy vehicles by manufacturers [5-7], direct subsidies for technological 

research and development of new energy vehicle manufacturers[8-10], and exemption or 

reduction of vehicle tax for new energy vehicles, etc.[11-13]. Gong H, et al. [14], by ana-

lyzing the changing pattern of new energy vehicle policies in China over the past decade, 

concluded that direct government subsidies for the new energy vehicle production were 

a direct and effective policy, but dynamic and flexible subsidies should be adopted ac-

cording to the development level of new energy vehicles. Zhong T Y, et al.[15] argued that 

subsidies and incentives should be increased at the early stage of the development of new 

energy vehicles in order to achieve the purpose of increasing the market share. Gao Q, et 

al.[16] found that when government support for the new energy vehicle industry was in-

creased, it was not necessarily to achieve good results, especially when the new energy 

vehicle market reached saturation, and the governments should maintain the subsidies 
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within a reasonable range. In addition, some scholars believed that in addition to direct 

subsidies to new energy vehicle manufacturers, other indirect policies also affected the 

development of new energy vehicles. For example, Zhou Y, et al.[17] conducted a com-

parative analysis of the marginal utility of fiscal subsidies and tax rebates, and found that 

there were fundamental differences between the two policies. Compared to fiscal subsi-

dies, tax breaks were more market-oriented. Zhang X L, et al.[18] argued that the govern-

ments did not need to choose a reasonable subsidy policy but can also adopted a regula-

tory penalty mechanism for conventional fuel vehicles to coordinate the game among gov-

ernment departments, vehicle manufacturers and consumers.  

Many scholars have also explored the strategic choices in the dynamic game relation-

ship between two or three parties from the perspective of automobile manufacturers. 

Yang J W, et al.[19] analyzed the evolutionary game among the governments, car manu-

facturers and consumers in the context of a low-carbon economy, and suggested that if 

the production demand of new energy vehicle enterprises did not match with the govern-

ment's subsidy policy, the whole evolutionary process would develop in an unfavorable 

direction. Wang Q M, et al.[20] constructed a dynamic game model between the behavior 

of automotive enterprises and government subsidies, and conducted an econometric anal-

ysis of various influencing factors using panel data of listed automotive enterprises. The 

results of this study showed that there was a significant positive relationship between the 

R&D investment behavior of new energy vehicle enterprises and government subsidy 

policies. Sun H X, et al.[21] also developed an evolutionary game model between enter-

prises and the government to analyze the evolutionary stabilization strategies of produc-

ers and to simulate changes in the behaviors of automobile producers when the subsidy 

declined. Hawkins T R, et al.[22] made a comparative analysis of the production strategies 

of new energy vehicles and traditional fuel vehicles. 

It is also of great practical significance to study the purchase intention and influenc-

ing factors of new energy vehicles from the perspective of consumers, and it is also one of 

the important criteria to judge whether the government's new energy vehicle policy can 

achieve the expected effect by analyzing the purchase quantity of new energy vehicles. 

Ma S H, et al.[23] adopted a preference choice experiment to examine the individual char-

acteristics of consumers, vehicle attributes and other variables to model the purchase in-

tentions of various classes of Chinese consumers, and their findings showed that the mid-

dle class had a higher willingness to accept new energy vehicles. Xu G H, et al.[24] used 

questionnaires and principal component analysis to conduct factor analysis, and the re-

sults showed that urban residents had a relatively high level of awareness of new energy 

vehicles and also had a certain willingness to purchase them. Chen K, et al.[25] investi-

gated consumers' willingness to purchase new energy vehicles based on a perceived ben-

efit and perceived risk framework and showed that environmental awareness had a sig-

nificant positive effect on the willingness to purchase new energy vehicles. Helveston J P, 

et al.[26] analyzed the differences in consumer acceptance of new energy vehicles and 

traditional vehicles between China and the US based on consumer survey data from the 

two countries. The study also found that the maturity of the supporting infrastructure 

such as charging stations could directly affect consumer willingness to purchase [27].  

Our paper makes a number of contributions to the literature. 

1. The conventional studies do not clarify the primary factors that affect the rise or 

fall of government subsidies for new energy vehicles within the evolutionary 

game system [13, 15, 30]. Furthermore, they do not establish the optimal produc-

tion strategy that automakers should adopt when deciding between new energy 

vehicles and traditional vehicles. Finally, it is unclear whether the consumer's 

preference for new energy vehicles is directly correlated with the number of ve-

hicles produced. To address these gaps, this paper builds a three-party evolu-

tionary game model that involves vehicle manufacturers, consumers, and gov-

ernments. The study then carries out a comprehensive analysis of the game's 

combination strategies and system stability of each party. 
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2. According to the literature cited in this paper [25, 32], manufacturers must lower 

the price of new energy vehicles in order to encourage consumers to purchase 

them. The findings of this paper suggest that, in a three-way evolutionary game 

system, it is equally important for car manufacturers to have differentiated core 

technology to increase the appeal of their brand, enhance the perceived utility of 

their products among consumers, and for government departments to increase 

charging infrastructure coverage in their cities to boost consumer interest in new 

energy vehicles. 

3. Our research suggests that as new energy vehicles reach their later stages of de-

velopment, and the government faces increased financial pressure, it becomes 

necessary to promote the healthy growth of the new energy vehicle market, de-

spite a continuous reduction in new energy subsidies. To achieve this, govern-

ment departments should implement effective indirect measures, such as con-

trolling human resource costs associated with adopting subsidy policies, reduc-

ing the time it takes society to transition from high-carbon to low-carbon green 

travel, and increasing additional revenue gained by vehicle enterprises through 

carbon trading management. Additionally, it's important to appropriately in-

crease penalties for vehicle enterprises that continue to produce fuel vehicles 

while also increasing revenue gained by vehicle enterprises through carbon trad-

ing management. Combining direct and indirect policies is crucial for guiding 

the development of new energy vehicles. 

In the remainder of this paper, we first explain the model assumptions and frame-

work in Section 2, and then delve into an analysis of the game strategies employed by car 

manufacturers, consumers and governments in Section 3. In Section 4, we provide simu-

lation analysis and subsequent discussion. Finally, we summarize our findings and pro-

vide recommendations for future research. 

2. Model Assumptions and Framework Construction 

In order to study the game relationship among car manufacturers, consumers and the 

governments, the framework of the tripartite evolutionary game model is shown in Figure 

1, and several assumptions need to be made as follows: 

Hypothesis 1: The players in the three-party evolutionary game model include car 

manufacturers, consumers and government departments. It is assumed that all three 

participants are finite rational agents and the game strategy of each party will evolve over 

time and eventually stabilize at the optimal strategy. 

Hypothesis 2: The strategy space for car producers is to produce new energy cars or 

traditional fuel ones. The probability of car producers choosing to produce new energy 

cars is x , and the probability of choosing to produce fuel cars is 1 x− , where [0,1]x ; 

the strategy space for consumers is to buy cars or not. The probability of consumers to buy 

cars is y , the probability of not to buy cars is 1 y− , where [0,1]y ; the strategy space 

for government departments is to make subsidies or not. The probability of government 

departments to make subsidies for the production or consumption of new energy cars is 

z , the probability of not making subsidies is 1 z− , where [0,1]z . 

Hypothesis 3: For car manufacturers, they can choose to produce either new energy 

vehicles or conventional fuel ones, and the sales revenue of the two types of vehicles are 

1  and 2  respectively. If the car manufacturers choose to produce new energy vehicles, 

the government subsidies received are 2R , and the additional earnings received through 

carbon trading management are 3R . If the car manufacturers choose to produce 

conventional fuel vehicles, the fines of governments are F . 
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Figure 1. Framework of the relationship between the parties in the three-party evolutionary game system 

Hypothesis 4: Consumers can choose to buy cars, not to buy and choose other public 

transport. Assume that the utility values of new energy vehicles and fuel vehicles for 

consumers are 1V  and 2V  respectively, where 1 2V V . The difference between the two 

values includes the additional government subsidy for purchasing new energy vehicles 

and the importance of green living for consumers; the prices of new energy vehicles and 

fuel vehicles are 1P  and 
2P  respectively; 1n  is the coverage of public charging posts in 

consumers' cities, 1  is the sensitivity of consumers to the coverage of charging posts;   

is the vehicle purchase tax; in addition, 1C  and 2C  denote the cost per unit distance 

travelled for new energy vehicles and fuel vehicles respectively, and L  is the vehicle 

mileage travelled. If consumers do not purchase a car and chose public transport, the total 

travel cost spent is 6C , and the benefit of the government subsidy for low-carbon travel is 

4R . 

Hypothesis 5: If the governments adopt subsidy policies, the human resource cost to 

be spent is 3C , and the environmental benefits that the governments can obtain are 1R . If 

the governments do not adopt subsidy policies for new energy vehicles, the time cost of 

society's gradual shifting from high-carbon and high-pollution travels to low-carbon and 

green travels is 5C , and the environmental governance cost to the governments is 4C . 

Based on the above assumptions, the three-way evolutionary game matrix between 

car manufacturers, consumers and governments are shown in Table 1.  
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Table 1. Game matrix for the evolutionary combination strategy of car manufacturers, consumers and 

governments 

Consumers Governments  

subsidies z no subsidies 1-z 

Vehicle 

Manufacturers 

produce 

new 

energy 

vehicles x 

purchase y 1 2 3

1 1 1 1 1

1 3 2

+ ;

;

R R

V P n C L

R C R
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

+

− + −

− −

  
1 3
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1 5
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R C
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− + −

−

 

not 
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2 3
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R C
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−

− −
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;
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R

C

R C

−

−
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2

2 2 2

3 4

;

;

F

V P C L

F C C

 −

− − −

− −

 
2

2 2 2

5 4

;

;

F

V P C L

F C C

 −

− − −

− −

 

not 
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6 6

3

;

;

F

R C

F C

−

−

−

 
6

5

;

;

F

C

F C

−

−
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3. Model Analysis 

3.1. Analysis of the Game Strategies of Car Manufacturers 

Let 11E  be the expected return to the car manufacturer from producing new energy 

vehicles, 12E  be the return from producing fuel vehicles and 
1E  be the average expected 

return, then the following relationship exists: 

 

 
11 1 2 3 1 3 2 3 3

12 2 2

1 11 12

(1 )[ ] (1 ) [ ] (1 )(1 )

(1 )[ ] (1 ) [ ] (1 )(1 )[ ]

(1 )

E yz R R y z R y z R R y z R

E yz F y z F y z F y z F

E xE x E

 

 

 = + + + − + + − + + − −


= − + − − + − − + − − −


= + −

 （1） 

Further simplification of equation (1) yields: 

11 1 2 3

12 2

1 11 12 1 2 3 2 2(1 ) =

E yz zR R

E y F

E xE x E xyz xzR xR y F xy xF





  

 = + +


= −


= + − + + + − − +

 （2） 

Using equation (2), the replication dynamic equation for the car manufacturers' choice 

of strategy is: 

11 1 1 2 3 2( ) ( ) (1 )[ ]
dx

F x x E E x x yz zR R y F
dt

 = = − = − + + − +  （3） 

Through equation (3), the first derivative of ( )F x  with respect to x  can be 

calculated as: 

1 2 3 2

( ( ))
(1 2 )[ ]

d F x
x yz zR R y F

dx
 = − + + − +  （4） 

According to the stability condition theorem for differential equations, the following 

conditions must be satisfied for the probability of car manufacturers producing new 

energy vehicles to reach a steady state: ( ) 0F x =  and ( ( )) / 0d F x dx  . If 
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1 2 3 2( )G y yz zR R y F = + + − +  and 2 1/z   , then ( ) / 0dG y dy  ,and ( )G y  is 

increasing functions with respect to y ; if 2 1/z   , then ( ) / 0dG y dy  , and ( )G y  is 

decreasing functions with respect to y . Therefore, the following conclusions can be drawn: 

when *

2 3 2 1(2 ) / ( )y y R R F z = = + + − , ( ( )) / 0d F x dx =  and ( ) 0F x = , x  is in an 

evolutionary stable state. When 2 1/z    and *y y , ( ) 0G y  , it can be concluded that 

1( ( )) / | 0xd F x dx =   and 1( ) | 0xF x = = , then 1x =  is an evolutionary stable point for the car 

producer; conversely, when *y y , then 0x =  is an evolutionary stable point. Similarly, 

if 2 1/z   , when *y y , 0x =  is an evolutionary stable point; conversely, 1x =  is an 

evolutionary stable point. The evolutionary phase diagram of the auto producer's policy 

is shown in Figure 2. 

 

(a) 2 1/z    

 

(b) 2 1/z    

Figure 2. The evolution phase diagram of car manufacturers 

From Figure 2, it can be concluded that when 2 1/z   , the probability of the car 

producer maintaining stable production of fuel cars is the volume 1AV , and the probability 

of stable production of new energy cars is the volume 2AV . When 2 1/z   , the 

probability of the car producer maintaining stable production of new energy cars is the 

volume 1AV , and the probability of stable production of fuel cars is the volume 2AV . The 

calculations of 1AV  and 2AV  are shown below: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 April 2023                   doi:10.20944/preprints202304.0054.v1

https://doi.org/10.20944/preprints202304.0054.v1


1 1
2 3 2 3 2

1
0 0

2 1 1 2 1

2 2
lnA

R R F R R F
V dxdz

z


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+ + + +
= =

− −   

2 11A AV V= −  

（5） 

Corollary 1: In the early stages of new energy vehicle development, there is an 

evolutionary process whereby the probability of a car manufacturer producing a new 

energy vehicle increases with the probability of government new energy subsidies and the 

probability of consumers purchasing a vehicle. 

Proof: According to the game strategy analysis of auto producers, when 2 1/z    

and *y y , 1x =  is the evolutionary stabilization point of auto producers, therefore, 

with the gradual increase of y  and z , the stabilization strategy of auto producers 

gradually tends to 1x =  (i.e. producing new energy vehicles). 

Corollary 2: If the difference in sales revenue between the production of new energy 

vehicles and conventional fuel vehicles is not significant, the probability of a car 

manufacturer producing new energy vehicles will be proportional to the government 

subsidies received, the additional revenue received through carbon trading management, 

and the government fines imposed on the car manufacturer for producing conventional 

fuel vehicles. 

Proof: When 1 2 =  and 1z  , the first-order partial derivatives of 2R , 3R  and 

F  on the 1AV
 is 1 2/ 0AV R   , 1 3/ 0AV R   , 1 / 0AV F   . Thus, increases in the values 

of 2R , 3R  and F  all lead to an increase in the probability of an automobile 

manufacturer producing new energy vehicles. 

Corollary 1 suggests that there is a strong correlation between government subsidies, 

production and sales of new energy vehicles. In the early stages of the development of new 

energy vehicles, government subsidies as an evolutionary stabilization strategy are still 

important for the rapid growth of production and sales of new energy vehicles, as they are 

not yet fully competitive with fuel vehicles. If the governments reduce subsidies or 

removes subsidies, the price of new energy vehicles will increase significantly. 

Considering that many buyers of new energy vehicles are from the middle working class, 

they are very sensitive to price changes, so a significant price increase will inevitably affect 

their motivation to buy new energy vehicles, leading to a decline in sales and even a 

reduction in the production of new energy vehicles. On the other hand, if the sales of new 

energy vehicles continue to grow, it will directly stimulate the production of new energy 

vehicles and promote the development of the entire new energy vehicle industry. 

Corollary 2 suggests that when the sales revenue of new energy vehicles and fuel 

vehicles are comparable, government departments can adopt direct policies such as 

increasing subsidies for new energy vehicles, as well as other indirect policies, such as 

increasing the additional revenues gained by new energy vehicle enterprises through 

carbon trading management and imposing penalties and restrictions on the production of 

fuel vehicles, all of which can serve the purpose of indirectly stimulating the growth of 

new energy vehicle production. 
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3.2. Analysis of the Gaming Strategies of Car Consumers 

Let 21E  be the expected return of car consumers purchasing cars, 22E  be the 

expected return of not purchasing cars, and 
2E  be the average expected return, then the 

following relationship exists: 

21 1 1 1 1 1 1 1 1 1 1 2 2 2

2 2 2

22 4 6 6 4 6 6

2 21 22

[ ] (1 )[ ] (1 ) [ ]

(1 )(1 )[ ]

[ ] (1 )[ ] (1 ) [ ] (1 )(1 )[ ]

(1 )

E xz V P n C L x z V P n C L x z V P C L

x z V P C L

E xz R C x z C x z R C x z C

E yE y E

 = − + − + − − + − + − − − −

+ − − − − −


= − + − − + − − + − − −

 = + −

 （6） 

A further simplification of equation (6) can be: 

21 1 1 1 1 1 1 2 2 2

22 4 6

2 21 22 1 1 2 2 4 6

[ ] (1 )[ ]

(1 ) [ ] (1 ) [ ]+ 1

E x V P e n C L x V P C L

E zR C

E yE y E xy V P x y V P y zR C

  = − + + − + − − − −


= − −


= + − = − + − − − （ ）[ - ]

 （7） 

Combining equation (7), the replication dynamics equation for car consumers is: 

21 2 1 1 1 1 1 2 2 2

4 6

( ) ( ) (1 )[ ( ) (1 )( )

]

dy
F y y E E y y x V P n C L x V P C L

dt

zR C

= = − = − − + − + − − − −

− +

 （8） 

The first order derivative of ( )F y  with respect to y  is: 

1 2 1 2 1 1 1 2 2 2 2

4 6

( ( ))
(1 2 )[ ( ) ( )

]

d F y
y x V V P P n C L C L V P C L

dy

zR C

= − − − + + − − + + − − −

− +

 （9） 

According to the stability condition theorem of the differential equation, the 

probability of car consumers to buy new energy vehicles to reach a stable state must satisfy 

the following conditions: ( ) 0F y =  and ( ( )) / 0d F y dy  . If we get 

1 2 1 2 1 1 1 2 2 2 2 4 6( ) ( ) ( )J z x V V P P n C L C L V P C L zR C= − − + + − − + + − − − − + , and ( )J z  is a 

decreasing function with z , we can get the following conclusions: when 
*

1 2 1 2 1 1 1 2 2 2 2 3 4( ( ) ( ) ) /z z x V V P P n c L c L V P c L c L R= = − − + + − − + + − − − + , 

( ( )) / 0d F y dy = , and ( ) 0F y = , then y  is in the evolutionary game stable state. When 

*z z , ( ) 0J z  , it can be concluded that 0( ( )) / | 0yd F y dy =   and 0( ) | 0yF y = = , then 

0y =  is the consumers' evolutionary stable point; similarly, when *z z , 1y =  is the 

evolutionary stable point. The evolutionary phase diagram of the consumers' strategy is 

shown in Figure 3. 
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Figure 3. The evolution phase diagram of consumers 

From figure 3, the probability of car consumers maintaining a steady purchase of cars 

is the volume 1BV  and the probability of not purchasing cars is the volume 2BV . The 

calculations of 1BV  and 2BV  are shown below. 

1 1
1 2 1 2 1 1 1 2 2 2 2 6

1
0 0

4

1 2 1 2 1 1 1 2 6

4

( )
y

3 2

2

B

x V V P P n C L C L V P C L C
V dxd

R

V V P P n C L C L C

R





− − + + − − + + − − − +
=

+ − − + −  − − +
=

 
 

2 11B BV V= −  

（10） 

Corollary 3: The probability of purchasing new energy vehicles is positively related 

to the utility value of the new energy vehicle to the consumer and the coverage of public 

charging posts in the consumer's city, and inversely related to the sales price of the new 

energy vehicle. 

Proof: Given the first order partial derivatives of the probability 1BV  with respect to 

1V , 1n  and 1P , we can derive 1 1/ 0BV V   , 1 1/ 0BV n   , and 1 1/ 0BV P   . Therefore, 

an increase in the values of 1V  and 1n  will lead to an increase in the probability of 

consumers buying new energy vehicles, and an increase in the value of 1P  will lead to a 

decrease in the probability of consumers buying ones. 

Corollary 3 suggests that consumers are sensitive to the price of new energy vehicles, 

and government departments and manufacturers should reduce the price of new energy 

vehicles if they want to increase the sales of new energy vehicles. In addition, government 

departments and manufacturers can take some other measures to increase the utility value 

of new energy vehicles to consumers, such as government efforts to promote low-carbon 

green mobility and manufacturers' efforts to raise awareness of their products. In addition, 

by expanding the coverage of existing public charging piles in cities, the governments will 

also increase the consumption of new energy vehicles to a certain extent. 

3.3. Analysis of the Gaming Strategy of Governments 

Let 31E  be the expected benefit of government departments subsidizing new energy 

vehicles, 32E  be the expected benefit of no subsidy and 
3E  be the average expected 

benefit, then the following relationship exists: 
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 

 
31 1 3 2 1 3 2 3 4 3

32 1 5 1 5 5 4 5

3 31 32

(1 )[ ] (1 ) [ ] (1 )(1 )[ ]

(1 )[ ] (1 ) [ ] (1 )(1 )[ ]

(1 )

E xy R C R x y R C R x y F C C x y F C

E xy R C x y R C x y F C C x y F C

E zE z E

 = − − + − − − + − − − + − − −


= − + − − + − − − + − − −


= + −

 （11） 

Further simplification yields: 

31 1 3 2 3 4

32 1 5 5 4

3 31 32 1 3 2 4 5

( ) (1 )( ) (1 ) ( )

( ) (1 )( ) (1 ) ( )

(1 ) (1 ) (1 ) (1 )

E x R C R x F C x y C

E x R C x F C x y C

E zE z E xR zC xzR x F x yC z C

 = − − + − − + − −


= − + − − + − −


= + − = − − + − − − − −

 （12） 

The replication dynamics equation for the governments is: 

31 3 2 3 5( ) ( ) ( 1)( )
dz

F z z E E z z xR C C
dt

= = − = − + −  （13） 

The first order derivative of ( )F z  with respect to z  is: 

2 3 5

( ( ))
(2 1)( )

d F z
z xR C C

dz
= − + −  （14） 

 According to the stability condition theorem of the differential equation, the 

probability of the government department to subsidize new energy vehicles to reach a 

stable state must satisfy the following conditions: ( ) 0F z =  and ( ( )) / 0d F z dz  . When 
*

5 3 2( ) /x x C C R= = − , ( ( )) / 0d F z dz = , and ( ) 0F z = , all z  are in the stable state of the 

evolutionary game. When *x x , it follows that 0( ( )) / | 0zd F z dz =   and 0( ) | 0zF z = = , 

0z =  is the evolutionary stable point for the government sectors; conversely, when 
*x x , 1z =  is the evolutionary stable point. The evolutionary phase diagram of the 

government departments’ strategy is shown in Figure 4. 

 

Figure 4. The evolution phase diagram of governments  

From figure 4, the probability of government subsidizing a new energy vehicle is the 

volume 1CV , and the probability of no subsidy is the volume 2CV . The calculations of 1CV  

and 2CV  are shown below. 

5 3 5 3

1

2 2

1*1*C

C C C C
V

R R

− −
= =  

2 11C CV V= −  

（15） 

Corollary 4: The probability of government subsidies for new energy policies is 

positively proportional to the time cost of changing society from high-carbon and high-

pollution travel to low-carbon and green travel, and inversely proportional to the human 
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resource cost of adopting government subsidies and the subsidy expenditure received for 

the production of new energy vehicles. 

Proof: Given the first-order partial derivative of the probability 1CV
 with respect to 

5C , 3C  and 2R  , we can derive 1 5/ 0CV C   , 1 3/ 0CV C   , 1 2/ 0CV R   . Thus, an 

increase in the value of 5C  increases the probability of government subsidies for new 

energy vehicles, conversely, an increase in the values of 3C  and 2R  decreases the 

probability of subsidies. 

Corollary 4 suggests that the probability of government subsidies for new energy 

policies is influenced by a number of factors. On the one hand, government subsidies are 

influenced by the time cost of changing from high-carbon, high-pollution travel to low-

carbon, green travel. If the time cost is so high that the governments fail to meet the 'Double 

Carbon' target, then government departments are likely to increase the probability of 

subsidizing new energy vehicles in order to avoid the penalties of public scrutiny and 

criticism. On the other hand, if the human cost of the government's subsidy policy is too 

high or if the amount of subsidies for new energy vehicles continues to grow exponentially, 

this will have a further negative impact on the government's finances. 

3.4. Stability Analysis of Equilibrium Points in Evolving Systems 

To simplify the calculation process, let 1 1 1 1 1 1U V P n C L= − + − , 2 2 2 2U V P C L= − − − .  

Since ( ) 0, ( ) 0, ( ) 0F x F y F z= = = , and considering x , y , [0,1]z , the stability points of 

the three-way evolutionary game system can be found as follows: 1(0,0,0),E 2 (1,0,0),E

3 (0,1,0),E 4 (0,0,1),E 5 6 7 8(1,1,0), (1,0,1), (0,1,1), (1,1,1),E E E E  

9 5 3 2 2 2 3 1(( ) / ,1, ( 2 ) / ),E C C R R R F − − − − 10 2 6 1 2 2 3 2( / , 2 / ,0),E U C U U R R F − − − + +

11 4 2 6 1 2 2 3 2 1( / , 2 / ,1)E R U C U U R R F  − − − + + − . 

The Jacobi matrix of the three-party evolutionary game system can be computed as 

follows[28,29]: 

1 2 3

4 5 6

7 8 9

( ) / ( ) / ( ) /

( ) / ( ) / ( ) /

( ) / ( ) / ( ) /

J J J F x x F x y F x z

J J J J F y x F y y F y z

J J J F z x F z y F z z

        
   

= =       =   
           

 （16） 

1 2 3 2 1 2 1 2

1 2 1 2 2 4 3 4

2 2 3 5

(1 2 )( ) (1 )( ) (1 )( )

(1 )( ) (1 2 )[ ( ) ] (1 )

( 1) 0 (2 1)( )

x yz zR R y F x x z x x y R

y y U U y x U U U zR c L y y R

z z R z xR C C

    − + + − + − − − + 
 

− − − − + − + − − 
 − − + − 

 

Based on Lyapunov's theorem, the asymptotic stability of a system at each stability 

point can be determined by analyzing the eigenvalues of the Jacobi matrix[30]. Specifically, 

if all the eigenvalues of the Jacobi matrix have negative real parts, the equilibrium points 

are asymptotically stable; if the eigenvalues of the Jacobi matrix have one or more positive 

real parts, the points are unbalanced; if some of the eigenvalues of the Jacobi matrix are 

zero and others have negative real parts, the points are in a critical state and the stability 

needs to be further evaluated. The results of the stability analysis of each equilibrium point 

of the evolutionary game system are shown in Table 2. 
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Table 2. Analysis of system equilibrium points and their stability 

Equilibriu

m Points 

Eigenvalue Condit

ion 

Real Part 

Symbol 

Stability 

1(0,0,0)E  3 2 6 5 3, ,R F U C C C+ + −   \ +,+,  unstable 

point 

2 (1,0,0)E  3 1 6 5 2 3, ,R F U C C R C− − + − −   \ -,+,  unstable 

point 

3 (0,1,0)E  3 2 2 6 5 3, ,R F U C C C− + − − −  1,3 -,-,- ESS 

4 (0,0,1)E  3 2 2 4 6 3 5, ,R F U R C C C− + − + −  1,5,4 -,-,- ESS 

5 (1,1,0)E  3 2 1 6 2 3 5, ,R F U C R C C− + − − − − − +  2,3 -,-,- ESS 

6 (1,0,1)E  2 3 1 4 6 2 3 5, ,R R F U R C R C C− − − − + − − +  6,3 -,-,- ESS 

7 (0,1,1)E  1 2 3 2 2 4 6 3 5, ,R R F U R C C C + + − + − + − −  8 +, ,  unstable 

point 

8 (1,1,1)E  1 2 3 2 1 4 6 2 3 5, ,R R F U R C R C C − − − + − − + − + −  8，7，9 -,-,- ESS 

9 1 1( ,1, )E x z  4 3 2 1 2R z Lc U U x U x− − − + ， 2 ， 3  \  , ,  uncertain 

10 2 2( , ,0)E x y  5 3 2C C R x− − ， 4 ， 5  \  , ,  uncertain 

11 3 3( , ,1)E x y  5 3 3 5 2 22( ) 2C C C C z R x R xz− + − − + ， 6 ， 7  \  ,  ,  uncertain 

Note：  indicates uncertain symbols; 1x , 2x , 3x , 2y , 3y , 1z  
are all equilibrium point coordinates; 

2 7 −
 

are the eigenvalue corresponding to the equilibrium point. Condition 1： 3 2R F +  ；

condition 2： 3 2R F +  ；condition 3： 5 3C C ；condition 4： 5 3C C ；condition 5： 2 6 4U C R+  ；

condition 6： 1 6 4U C R+  ；condition 7： 1 6 4U C R+  ;Condition 8： 1 2  ；condition 9： 5 2 3C R C + . 

Corollary 5: When 5 2 3C R C +  and 4 1 6R U C + , the replicated dynamical system 

has one and only one stable point 8 (1,1,1)E . When 5 3C C , if 3 2R F +   is satisfied, the 

replicated dynamical system has one and only one stable point 5 (1,1,0)E ; if 4 1 6R U C +  

is satisfied, the replicated dynamical system has one and only one stable point 6 (1,0,1)E . 

Proof: When 5 2 3C R C + , i.e. condition 9 is satisfied, 3 (0,1,0)E , 5 (1,1,0)E  and 

6 (1,0,1)E  do not satisfy the stability condition, and if 4 1 6R U C + , i.e. condition 7 is 

satisfied, 4 (0,0,1)E  is an unstable point, so the system has only one stable point 8 (1,1,1)E . 

When 5 3C C , 3 2R F +  , namely conditions 2 and 3 are satisfied at the same time, 

5 (1,1,0)E  can be similarly obtained as the only stable point of the system. When 5 3C C  

and 4 1 6R U C + , 6 (1,0,1)E  is the only stable point in the system. 

Corollary 5 shows differences in the choice of initial values(e.g. 3C , 5C , 3R , F , etc.) 

can affect the strategy combination evolution of the parties in the three-party game system 

to stabilize at different stability points. For example, if the governments want to promote 

the healthy development of the new energy vehicle market by continuously reducing new 

energy subsidies, the three-party game system will tend to move from stable state 

8 (1,1,1)E  (i.e. car manufacturers produce new energy vehicles, consumers buy cars, and 

government departments increase subsidies) to state 5 (1,1,0)E (i.e. car manufacturers 

produce new energy vehicles, consumers buy cars, and government departments reduce 

or do not subsidize), The governments need to rationalize the cost of human resources 

spent on subsidy policy, control the time cost for society to shift from high-carbon to low-

carbon green travel, increase the revenue earned by car companies through carbon trading 
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management and appropriately increase the penalties for car companies that produce fuel 

cars. 

4. Simulation Analysis and Discussion 

To further verify the stability of the three-way evolutionary game model, the 

parameters of the model were assigned specific different values in numerical simulations 

using MATLAB 2021a software. The initial values of the parameters in scenario 1 are set 

as follows[31-33]: 0.27x = , 0.4y = , 0.64z = , 1 210000P = , 2 150000P = , 1 300000V = , 

2 250000V = , 1 18000 = , 2 18000 = , 1 0.17C = , 2 0.66C = , 630L = , 3 500C = , 

4 700C = , 5 60000C = , 6 240C = , 1 50000R = , 2 35000R = , 3 40000R = , 4 500R = , 

15000 = , 1 0.3n = , 2000F = . According to Corollary 5, when 5 2 3C R C +  and 

4 1 6R U C + , the replicated dynamic system has one and only one stability point 8 (1,1,1)E . 

This means in the early stages of the development of new energy vehicles, the probability 

of car producers producing new energy vehicles inceases with the increase in the 

probability of government subsidies for new energy vehicles and the probability of 

consumers purchasing cars, eventually reaching a combination of evolutionary stability 

strategies. On this basis, the impacts of 2R , 3R , F , 1P , 1V , 1n , 5C , 3C  and 4R  on 

the process of the evolutionary game are analyzed respectively. 

First, to analyze the effect of changing the value of 2R  on the evolutionary game 

system process, the values of 2R  are set to 20,000 (low value), 35,000 (medium value) and 

50,000 (high value), and the average simulation results obtained by simulating the model 

50 times are shown in Figure 5. The graph shows that the probability of the automobile 

manufacturer producing new energy vehicles increases with the probability of 

government subsidies for new energy as the system gradually converges to a stable point. 

In addition, the probability of the auto manufacturer producing new energy vehicles 

increases as the value of 2R  continues to increase. Therefore, the increase in government 

subsidies received by car manufacturers for new energy vehicles will provide a significant 

incentive for car manufacturers to produce more new energy vehicles. Similarly, values of 

3R  are set to 20,000 (low value), 40,000 (medium value) and 60,000 (high value) and the 

model is simulated 50 times as shown in Figure 6. The graph shows that an increase in the 

value of 3R  will also make car manufacturers inclined to produce more new energy 

vehicles, so the governments should improve the local carbon emissions trading market, 

so that more vehicle manufacturers can gain more revenue through carbon trading. Then, 

F  are assigned to 500 (low value), 2000 (medium value) and 10000 (high value) 

respectively, and the simulation results are shown in Figure 7. It can be seen that an 

increase in the value of F  will increase the cost of car manufacturers, reduce the 

production of traditional fuel cars and produce more new energy cars. Therefore, in order 

to increase the production of new energy vehicles, the governments can also take some 

other indirect measures, such as appropriately increasing the penalties for traditional fuel 

vehicles. The above analyses also confirm the results of Corollary 2, i.e. increasing the 

government subsidies received by car companies, the additional benefits gained by car 

companies from the management of the carbon trading scheme and the fines imposed on 

car companies producing conventional fuel vehicles will encourage car companies to 

produce more new energy vehicles. 
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Figure 5. Impacts of different government subsidies ( 2R ) on evolutionary game system 

  

Figure 6. Impacts of different additional benefits ( 3R ) through carbon trading on evolutionary game system 

  

Figure 7. Impacts of different government fines ( F ) on evolutionary game system 

The values of 1P  are assigned to 100,000 (low value), 1500,000 (medium value) and 

210,000 (high value) and the average simulation results obtained by evolving the 

replication dynamic equation 50 times are shown in Figure 8. From the graph, the 

probability of consumers purchasing new energy vehicles decreases significantly as the 

value of 1P  continues to increase. Therefore, the governments needs to focus on the sales 

price of new energy vehicles when promoting the new energy market. New energy 

vehicles are more competitive with a lower price. Then, 1V  is assigned to 200,000 (low 

value), 250,000 (medium value) and 300,000 (high value) respectively, and the simulation 

results are shown in Figure 9. The probability of purchasing new energy vehicles increases 

as the value of 1V  increases. It is worth noting that if the value of 1V  is too low, it may 

shift the evolutionary game system to another stable point 6 (1,0,1)E , where the 
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probability of consumers purchasing cars decreases and eventually reaches zero, 

demonstrating that a change in the value of 1V  can have an important impact on the game 

system. Let 1n  be values of 0.3 (low), 0.5 (medium) and 0.8 (high) respectively, and the 

simulation results are shown in Figure 10. As the value of 1n  increases, the probability of 

consumer purchasing new energy vehicles increases. 

Therefore, in order for consumers to increase their purchases of new energy vehicles, 

manufacturers need to lower the price of new energy vehicles, have differentiated core 

technologies, improve the brand appeal of their products and increase the utility value of 

their products in the minds of consumers. Governments also need to increase the coverage 

of charging piles in their cities. The above analyses verify the conclusion of Corollary 3, 

that the probability of car consumers purchasing new energy vehicles is inversely 

proportional to the sales price of new energy vehicles and positively proportional to the 

utility value of new energy vehicles to consumers and the coverage of charging piles in the 

city where they are located. 

  

Figure 8. Impacts of various price ( 1P ) of new energy vehicles on evolutionary game system 

  

Figure 9. Impacts of various consumer utility value ( 1V ) of new energy vehicles on evolutionary game system 
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Figure 10. Impacts of various coverage of public charging posts ( 1n ) on evolutionary game system 

Next, let 5C  be values of 300 (low), 5,000 (medium) and 10,000 (high), and the 

simulation results are shown in Figure 11. As the value of 5C  increases, the probability 

of government subsidies for new energy policies rises. It is also worth noting that if the 

value of 5C  is too low, it can shift the evolutionary game system to another stable point 

5 (1,1,0)E  where the probability of government subsidies for new energy vehicles 

decreases and tends to zero, demonstrating that a change in the value of 5C  can have an 

important impact on the game system. Let 5C  be 500 (low), 5,000 (medium) and 10,000 

(high) respectively, and the simulation results are shown in Figure 12. As the value of 5C  

continues to increase, the probability of government subsidies for new energy policies 

decreases significantly. Combined with the results in Figure 5, it is clear that the probability 

of government subsidies for new energy policies decreases as the value of 2R  increases. 

The above simulation results verify Corollary 4, which states that the probability of 

government subsidies for new energy policies is positively proportional to the time cost 

for society to switch from high-carbon and high-pollution travel to low-carbon and green 

travel, and inversely proportional to the human resource costs of the governments with 

subsidized policies and the subsidy expenditure received by the production of new energy 

vehicles. 

  

Figure 11. Impacts of various time cost ( 5C ) of society's shifting from high-carbon to low-carbon travels on 

evolutionary game system 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 April 2023                   doi:10.20944/preprints202304.0054.v1

https://doi.org/10.20944/preprints202304.0054.v1


  

Figure 12. Impacts of various human resource costs ( 3C ) of governments with subsidy policy on evolutionary 

game system 

The initial values of the parameters in scenario 2 are basically the same as those in 

scenario 1, except for 3 =5000C , 5 =300C , 3 60000R =  and 10000F = . According to the 

conclusions of Corollary 5, scenario 2 satisfies the following conditions, namely 5 3C C , 

3 2R F +  . It means there should be only one stable point 5 (1,1,0)E  in the evolutionary 

system, i.e., in the late stage of the development of new energy vehicles, car manufacturers 

produce new energy vehicles, consumers buy them and the governments don’t take 

subsidies. The two scenarios were evolved 50 times from different initial strategy 

combinations. The initial strategy combinations are shown in Table 3, the simulation 

results obtained are shown in Figure 13, and the results in the figure are consistent with 

the conclusions of Corollary 5. 

Table 3. Initial strategy combinations for scenario 1 and scenario 2 

Initial Strategy 

Combination 

Car 

Manufacturers

x  

Consumers y  
Governments 

z  

1 0.27 0.4 0.64 

2 0.27 0.8 0.64 

3 0.27 0.8 0.84 

4 0.57 0.4 0.64 

5 0.57 0.8 0.84 

As can be seen from Figure 13, in the later stages of the development of new energy 

vehicles, when the time cost ( 5C ) for society to gradually shift from high-carbon to low-

carbon travel is low, or even lower than the human cost ( 3C ) , the governments tend to 

reduce subsidies. On the other hand, the governments also tend to reduce direct subsidies 

if a set of indirect policies, such as additional benefits for car companies through carbon 

trading management ( 3R ) and government penalties for conventional car production ( F ), 

can achieve better results. This suggests that the governments should consider a 

combination of direct and indirect policies in order to promote the rapid development of 

the new energy vehicle industry and to achieve the "double carbon" target as soon as 

possible. If the governments intend to gradually reduce or even eliminate direct policy 

subsidies in the future due to financial pressures, it is crucial that indirect policies should 

play a critical role. 
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(a) scenario 1 (b) scenario 2 

Figure 13. Simulation results of the evolution system in scenario 1 and 2 with different initial combination 

strategies 

5. Conclusions and Recommendations 

In order to meet the "Double Carbon" development objectives of achieving "Carbon 

Peak" by 2030 and "Carbon Neutrality" by 2060, the governments must proactively 

promote low-carbon and green modes of transportation. Such initiatives have become an 

integral component of China's sustainable economic and social development in the 

contemporary era, with new energy vehicles serving as the most significant means of 

reducing carbon emissions for residents. This study focuses on new energy vehicles in the 

context of "double carbon" and examines the game strategies employed by various 

stakeholders, including vehicle manufacturers, consumers, and government agencies, as 

well as the equilibrium conditions of the evolutionary game system. By constructing a 

three-party evolutionary game model, the paper presents relevant measures and 

suggestions based on the results of the simulations to support the validity of the findings. 

The study draws several critical conclusions and recommendations. Firstly, it 

establishes a strong correlation between the three parties involved in the evolutionary 

game system. Automakers' likelihood of manufacturing new energy vehicles is shown to 

be directly proportional to their receipt of subsidies from the new energy policy, the 

additional revenue they gain from administering the carbon trading scheme, and the fines 

levied on producing conventional fuel vehicles. Therefore, to promote the production of 

new energy vehicles, governmental departments should augment incentives and subsidies 

while simultaneously regulating or limiting the growth of conventional fuel vehicles. 

From a consumer perspective, a surfeit of new energy vehicles being produced does 

not necessarily translate into heightened consumer demand for these vehicles. Consumer 

willingness to purchase new energy vehicles is contingent on the utility value these 

vehicles offer and the availability of public charging stations in urban areas, and is 

inversely proportional to the sales price of such vehicles. Therefore, for manufacturers to 

increase consumer uptake of new energy vehicles, they must prioritize reducing the price 

point of these vehicles and enhancing their utility and brand appeal. Meanwhile, 

government agencies should focus on expanding infrastructure, such as charging stations 

and grid facilities, to ensure that consumers have an improved travel experience when 

utilizing new energy vehicles. 
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From a governmental perspective, promoting the rapid development of the new 

energy vehicle industry requires a multifaceted approach that combines direct subsidies 

with indirect support strategies. As the industry matures, it may become necessary for 

governmental entities to reduce or eliminate subsidies due to financial constraints. In such 

a scenario, indirect policies will play a pivotal role in regulating the new energy vehicle 

market. To achieve the "Double Carbon" target, governments must analyze the interplay 

between various policies and identify the most effective policy mix. 

There are still some shortcomings in this paper that need to be addressed. Specifically, 

the paper only examines the evolutionary game dynamics between vehicle manufacturers, 

users, and governments, disregarding the influence of media reports, whether positive or 

negative, on the sales and production of new energy vehicles. Moreover, data access 

restrictions impede the verification of parameter values in the simulation analysis. Thus, 

incorporating additional variables such as news media and enhancing the precision and 

accuracy of simulation outcomes are crucial research directions for future studies. 
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