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Abstract: In the context of China's subsidy friendly, energy-saving, and efficient

incentive strategy for new energy vehicles,
this paper attempts to dynamically analyze
the impact of total social benefits and
subsidy amounts on the subsidy incentive
strategy, as well as the evolutionary path of
automobile enterprises' participation, using
the theory and methods of evolutionary
game theory. To promote the rapid
development of the new energy vehicle
industry, the paper further analyzes the
impact of the subsidy incentive strategy on
the evolutionary outcomes. The analysis
results indicate that when automobile
enterprises actively participate in new
energy vehicle research and development
(R&D), the greater the probability of excess
returns they obtain, which will contribute to
the evolution of the entire system towards a
common development direction.
Additionally, the higher the subsidy costs
that the state incurs for actively
participating in new energy vehicle R&D,
the greater the likelihood of both the state
and enterprises adopting strategies for new
energy vehicle R&D, thereby achieving the
maximization of overall social welfare.

Keywords: Game Theory; New Energy
Vehicles; Subsidy Incentives; Evolutionary
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1. Introduction

With the rapid economic development, the
increase in national income, and the
advancement of urbanization, the rapid growth
in global energy consumption and
environmental  pollution have  become
significant obstacles to the development of the
automotive industry. Traditional fuel vehicles
have brought great convenience to people's
lives, but they have also damaged the
environment on which humanity depends. New
energy vehicles (NEVs), as environmentally
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transportation tools, are increasingly important
and are gradually becoming the focus of global
automotive industry attention. They represent a
crucial measure for promoting green and low-
carbon development, achieving carbon
neutrality, and cultivating new economic
growth points [1, 2]. In recent years, the new
energy electric vehicle (NEV) industry has
witnessed rapid development globally,
particularly in China, where this trend is
especially prominent. The Chinese government
has introduced a series of policies to promote
the development of the NEV industry,
covering various aspects such as investment
access, fiscal and taxation incentives, and
infrastructure construction. Addressing the
"bottlenecks" and "shortcomings" of industrial
development, China is striving to break
through core technology and key component
constraints, enhance independent innovation
capabilities and  technological levels,
implement and improve supportive policies,
optimize the supporting environment, innovate
business models, and expand the market
application of advanced and applicable energy-
saving and new energy vehicles. By doing so,
China is forging a new path of healthy and
sustainable industrial development, injecting
new impetus into economic growth and
improving people's livelihoods.

China has been vigorously developing its new
energy vehicle (NEV) industry in recent years,
with the government providing a series of
policy measures such as vehicle purchase
subsidies and tax incentives to promote the
research, development, and popularization of
NEVs, thereby reducing the cost for consumers
to purchase electric vehicles. These policies
have not only fueled the rapid growth of the
NEV market but also spurred the development
of related industrial chains. However, due to
incomplete core technologies for NEVs and an
immature consumer market in China, the
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development of the NEV industry faces
obstacles. In response, the government has
provided research and development (R&D)
funding support, established scientific research
projects, and other means to promote the R&D
and innovation of NEV technologies. To
further develop the NEV industry, enhance the
performance and competitiveness of NEVs,
alleviate energy shortages, and reduce
environmental pollution, the government
currently employs fiscal subsidies to drive the
continuous progress of the NEV industry. As
one of China's emerging industry subsidy
programs, NEV subsidies hold significant
initial importance for exploring future
development plans for China's emerging
industries.

NEV subsidy policies are a crucial measure
adopted by governments worldwide to promote
the development of the NEV industry. In
response to challenges such as environmental
pollution, energy crises, and climate change,
governments have introduced NEV subsidy
policies to encourage the R&D, production,
and sales of NEVs. As a pioneer in the NEV
industry, China began subsidizing NEV R&D
as early as the "10th Five-Year Plan" period
and has gradually expanded the scope and
intensity of subsidies as the industry has
developed. However, in the development of
the NEV industry, there has been some game-
playing between the national government and
automobile enterprises as they pursue their
respective self-interests. Game theory studies
decision-making and equilibrium issues when
the actions of decision-makers directly interact
with each other [3]. With the theoretical
development of game theory, research on the
game between governments and enterprises
has become increasingly common and in-depth
in recent years, with numerous findings on
game strategies between governments and
enterprises in subsidy policies.

Current research on NEV subsidies mainly
focuses on government subsidies, supply chain
decisions, and other aspects. Subsidies refer to
financial assistance directly or indirectly
provided by governments or public institutions
to enterprises, as well as support for prices or
income, which can be classified as direct and
indirect subsidies. Subsidies are a government
and fiscal action, and subsidy policies are
specific, essentially representing government
intervention in industrial economic activities.
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American scholar Richard [4] pointed out that
government subsidy policies may face moral
hazard issues due to information asymmetry in
the market. If enterprises’ independent
innovations are not protected, the incentive
effect of government subsidies will weaken.
Hinloopen [5] studied that the government
should subsidize enterprises actively engaged
in innovation R&D. Franco and Gussoni [6]
found through empirical research that public
subsidies for enterprises engaged in R&D
cooperation have a positive impact. Lu and
Chen [7, 8] studied government subsidy
policies in domestic and international
enterprise R&D behavior and technological
cooperation games. When technology is
relatively backward and market efficiency is
low, government subsidies and protection are
necessary; when technological innovation
mainly relies on independent R&D, the
government can provide fewer subsidies or no
subsidies. Michalsen [9] showed that when
downstream market concentration is high,
R&D subsidies should be provided to
enterprises rather than tax incentives to
downstream enterprises. Fang and Da [10]
established a three-stage duopoly game model
with product differentiation to analyze five
R&D strategies, considering government
subsidies, providing a basis for enterprises to
choose subsidies and for governments to
choose subsidy strategies. Zhang et al. [11]
constructed a signaling game model between
enterprises and government subsidies to
analyze the selection mechanism and
influencing factors of both parties' strategies in
the context of government energy-saving and
emission-reduction subsidy policies. Wu et al.
[12] demonstrated that government subsidies
can enhance the intensity of cooperative R&D
investment between manufacturers and
suppliers. Wang and Miao [13] conducted a
game study on issues such as R&D subsidies
between the government and enterprises in the
development of NEVs by establishing a game
model between them. Zhong and Du [14]
explored the adverse selection problem
existing in the subsidy process between the
government and automobile enterprises using a
signaling game model and analyzed the game
equilibrium between the two parties. Zhou et al.
[15] studied supply chain decision-making and
contract selection issues under government
remanufacturing subsidies using decision
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models for Cournot duopoly games and
Stackelberg games. Zhang et al. [16]
established  consumption  subsidy  and
technology subsidy models to study the
optimal pricing strategies and optimal subsidy
levels in the NEV supply chain, promoting the
high-quality development of the NEV industry.
Traditional game theory is built on the
assumption of complete rationality, whereas
evolutionary game theory emphasizes that
participants in game theory are not fully
rational. It integrates game theory analysis
with dynamic evolutionary processes, allowing
for the refinement of strategies based on

environmental conditions and new information.

Currently, there is considerable research on the
application of evolutionary game theory, with
numerous studies conducted in areas such as
environmental pollution and economics. For
instance, Gao et al. [17] established a game
model between the government and
automobile enterprises using evolutionary
game theory, analyzing the impact of
government subsidies on the behavioral
choices of new energy vehicle enterprises. Wu
and Zhang [18] employed evolutionary game
theory to construct a game payment matrix and
derived corresponding evolutionary stable
strategies to analyze herding behavior among
institutional investors in the stock market. Du
et al. [19] adopted evolutionary game theory to
develop an evolutionary model of corporate
environmental ~ behavior  with  public
participation, examining how changes in
decision-making parameters influence
evolutionary outcomes.

Currently, there is limited research on
subsidies for new energy vehicle R&D in the
relevant literature. Although scholars both
domestically and internationally have achieved
certain results in studying subsidy policies
between governments and enterprises using
game theory in recent years, there is a scarcity
of research on subsidies due to information
asymmetry issues between governments and
automobile enterprises, particularly new
energy vehicle enterprises. Therefore, this
paper will attempt to employ the theory and
methods of evolutionary game theory to
dynamically analyze the impact of total social
benefits and subsidy amounts on government
subsidy policies and the evolutionary path of
automobile enterprise participation.
Additionally, it will also analyze the relevant
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factors  influencing  the  evolutionary

equilibrium.

2. Evolutionary Game Analysis of the
Cooperation Mechanism between the New
Energy Automobile Industry and the
Government

2.1 Construction of the Evolutionary Game
Model

However, in reality, information asymmetry
between some automobile enterprises and the
government regarding the development level
of new energy vehicles can lead to adverse
selection. Automobile enterprises are aware of
their own development levels, but the
government is not. If the government cannot
distinguish between the development levels of
automobile enterprises, at equilibrium, both
low- and high-development level enterprises
will receive subsidies at an average probability,
which fails to support the development of
high-level enterprises.

The game in the development process of new
energy vehicles involves multiple entities such
as the central government, local governments,
new energy vehicle enterprises, and consumers,
constituting a dynamic, non-cooperative multi-
party game [20].

Assuming at the initial moment, the probability
of new energy vehicle enterprises adopting a
participation strategy is x, while the probability
of traditional automobile enterprises choosing
a non-participation strategy is 1-x; the
probability of the government providing
subsidies for participating in new energy R&D
is y, and the probability of not providing
subsidies for non-participation in new energy
vehicle R&D is 1-y. The payment matrix for
the game between the automobile industry and
the government is shown in Table 1.

The following explanations are provided for
the model settings and the meanings of the
symbols:

(1) Assume that m represents the total social
benefits obtained by the government from
subsidizing the production of new energy
vehicles, p represents the increased costs
incurred by not conducting research and
development (R&D) for traditional
automobiles, and ¢ represents the subsidy cost,
which is the total amount of funds provided by
the government to new energy vehicle
enterprises as subsidies;
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(2) f represents the benefits obtained by
automobile manufacturers from producing new
energy vehicles, including development
prospects and reputation, while e represents the
total increased costs incurred by automobile
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enterprises when conducting R&D for new
energy vehicles. Furthermore, the costs
invested in R&D for new energy vehicles
should be greater than the benefits obtained,
1e.,e>f

Table 1. Payment Matrix for the Evolutionary Game between the Automobile Industry and the

Government
Automobilelndustry| Traditional Automobile Production | New Energy Automobile Production
Government (Non-Participation) Bi (1 — ) (Participation)Bz ()
Subsidy A; () (- (-, + =)
No Subsidy A2 (1 — ) (0,0) O, —-)

2.2 The Solution for Evolutionary Stable
Strategies
Based on the payoff matrix (Table 1), the
expected payoffs for automobile enterprises
when adopting the strategy of participating as
new energy vehicle enterprises and not
participating as traditional vehicle enterprises
are ( 1) and ( ,), respectively, and the
average expected payoffis ().
(D= Q-)+(C - ) =@ -
) — 6]
(2=01-)+0 =0 2
()=1[0[- @=-)+(C - ) 1+@a-
yoa-H)+01 3

Similarly, we can derive the expected benefits

()=Q-)[- +0A- )]+ [( +

—) +(—)HAa-) (©

According to evolutionary game theory, the

replicator dynamic equation for automobile
manufacturers can be constructed as follows:

OD==—=10102- O]= Q-
e+ ) +C =) (O

Similarly, the replicator dynamic equation for
the government can be formulated as:

(=—=1C(D—- (]= Q-
Nz -) - 1 (®)
Let ()=—=0, ( )=—=0, We obtain

five dynamic equilibrium points : 0(0,0) ,
A(01),B(0), (@11), ( , ).Among

( 1) and ( ») for the government them, =-——, =- ,based on the
when choosing to subsidize or not subsidize assumptions, 0 < <1land0O< <1, and
automobile enterprises, as well as the average the corresponding Jacobian matrix is:
expected benefit () for the government. L L oy - a0+ 109

()=— +0(1— )=-— 4) _l? ?]‘ a-He -) a-2e - - 1O

(2=(C+ =) +(C—-)A—-) O

Table 2. Local Stability Analysis of Equilibrium Points

Equilibrium Points Det(J) (Symbol) Tr(J) (Symbol) Local Stability
0(0,0) + — ESS
A(0,1) + + Unstable
B(1,0) + + Unstable

(11) + — ESS

(., ) Uncertain 0 Saddle Point

According to the local stability of equilibrium
points determined by the Jacobian matrix,
points O (0,0) and C (1,1) are evolutionary
stable strategies for this game, while points A
(0,1) and B (1,0) are unstable, and ( , )is
a saddle point (as shown in Table 2). The
stable point O (0,0) represents the situation
where both the government and automobile
enterprises make decisions independently
based on their own interest maximization. C
(1,1) represents a cooperative strategy where
the government provides subsidies and
automobile enterprises actively participate in
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the research and development of new energy
vehicles throughout the development of the
automobile industry, maximizing the overall
benefits of the industry.

According to Figure 1, when the initial state is
within the region AOBD, the system will
converge towards point O(0,0), indicating that
the government does not provide subsidies for
automotive enterprises'’ R&D, and the
automotive industry does not actively engage
in the R&D strategy of new energy vehicles;
when the initial state is within the region
ADBGC, the system will converge towards point
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C (1,1), indicating that the government
provides R&D subsidies to automotive
enterprises, and the automotive industry
actively participates in the R&D strategy of
new energy vehicles.

C(1.1)
AQ.D)
D
¥
0(0.0) X B(1.0)

Figure 1. Dynamic Phase Diagram of the
System's Evolutionary Game
A&

C(L.1)
AQ.1)
¥
0(0.0) X B(LO)

Figure 2. Dynamic l;hase Diagram of the
System's Evolution under Government Subsidies

3. Analysis of Factors Influencing
Evolutionary Paths

The evolution of a system is a dynamic process,
and various parameters in the payoff matrix of
the game can influence the final evolutionary
path and outcome. As shown in Figure 1, the
probability of the system evolving to a certain
point depends on the sizes of the areas of
quadrilaterals OADB and ADBC (denoted as
S). The larger the area of ADBC, the greater
the probability of the system evolving towards
point C (1,1), and the smaller the probability of
it evolving towards point O (0,0). Therefore,
the factors influencing the evolutionary path of
the system can be converted into factors
affecting the size of the area of ADBC. The

area of region ADBC can be expressed as:
=;1- )+;A- )=1-

22 =) 2(+) (10)
The impact of the total social benefits obtained
from government subsidies for new energy
vehicle production on the evolutionary
outcomes. Take the first-order partial
derivative of with respect to the total
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social benefits m obtained from government
subsidies for new energy vehicle production.

:2(2_)2>0 , is a

monotonically increasing function of m. As m
increases, the area of the region ADBC
expands, thereby increasing the probability
that the system will evolve to the stable point
C (1,1). This implies that after the government
provides R&D subsidies to automotive
enterprises and the enterprises actively
participate in new energy vehicle R&D, the
higher the probability of the total social
benefits obtained by the government, the more
likely it is for both the government and
enterprises to adopt cooperative strategies to
achieve a win-win situation, potentially
maximizing the overall social welfare.
Conclusion 1: When the government
subsidizes automotive enterprises for new
energy vehicle R&D, the higher the probability
of the total social benefits obtained by the
government, the greater the likelihood of both
the government and enterprises adopting
strategies to engage in new energy vehicle
R&D.

The impact of excess returns obtained by
automotive enterprises actively engaged in
new energy vehicle production on the
evolutionary outcomes. Take the first-order
partial derivative of with respect to the
additional returns f obtained by automotive

1
2(+)>O’

is a monotonically increasing function
of f. As f increases, the area of the region
ADBC expands, thereby increasing the
probability that the system will evolve to the
stable point C (1,1). This implies that after the
government provides R&D subsidies to
automotive enterprises and the enterprises
actively participate in new energy vehicle
R&D, the higher the probability of excess
returns obtained by the automotive enterprises,
i.e., the greater their reputation and popularity,
the higher the enthusiasm of automotive
enterprises for participating in new energy
vehicle R&D.
Conclusion 2: When automotive enterprises
actively participate in new energy vehicle
R&D, the higher the probability of excess
returns they obtain, the greater the likelihood
of both the government and enterprises
adopting strategies to engage in new energy

manufacturing enterprises.
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vehicle R&D.

The impact of government subsidies for
automotive enterprises actively participating in
new energy vehicle research and development
on the evolutionary outcomes. Take the first-
order partial derivative of with respect to

: = +
government subsidy c, 42 — )2

>0, Since is a monotonically

A+ )
increasing function of c, as c increases, the
area of the region ADBC expands, thereby
increasing the probability that the system will
evolve to the stable point C(1,1). This implies
that the higher the government subsidy for
automotive enterprises' R&D and the more
active participation of automotive enterprises
in new energy vehicle R&D, the greater the
probability. Therefore, the government should
design a reasonable subsidy mechanism to
incentivize automotive enterprises, reducing
the probability of them not participating in
R&D. This, in turn, enhances the enthusiasm
of automotive enterprises to actively engage in
new energy vehicle R&D after receiving
government subsidies, thus maximizing the
overall social welfare. The dynamic phase
diagram of the system at this point is shown in
Figure 2.

Conclusion 3: When the government incurs
higher costs in providing subsidies for active
participation in new energy vehicle research
and development, the likelihood of both the
government and enterprises adopting strategies
to engage in new energy vehicle research and
development increases.

4. Numerical Experiment

Next, we will conduct numerical experiments
using Matlab software to visually analyze
through graphs the impact of changes in the
initial proportion of strategies chosen by the

game players, the government subsidy amount

e | T OOME]
a - 5

046w

0.3

[

(2) y=0.5

International Conference on Economic Management

and Intelligent Society (EMIS 2024)

¢ for automotive enterprises actively
participating in new energy vehicle research
and development, the increased costs p
incurred by traditional automotive enterprises
for not engaging in research and development,
the total social benefits m obtained from
government subsidies for new energy vehicle
production, the additional benefits f obtained
by automotive enterprises, and the additional
costs e incurred by automotive enterprises
when engaging in new energy vehicle research
and development on the evolutionary outcomes.
First, set the initial values for the model
parameters:
=05 =05 =01 =1 =2,
=3, =2

The impact of changes in the initial proportion
(x, y) of strategies chosen by the game players
on the evolutionary outcomes.

The numerical experiment results are shown in
Figures 3 and 4. It can be observed from the
figures that the path trajectories of the
evolution of government subsidies and the
choice behavior of automotive enterprises,
starting from different initial conditions, do not
overlap or intersect when converging to an
equilibrium state. The length of time it takes to
converge to an equilibrium state is related to
the government subsidies and the initial
proportion of automotive enterprises choosing
to participate in the strategy. The closer this
proportion is to the equilibrium state, the faster
the convergence speed. By comparing the two
sub-figures in Figures 3 and 4, it can be seen
that the evolutionary outcomes and
convergence time of the government and
automotive enterprise group behaviors are not
only influenced by the initial proportion of
choosing a certain strategy within their own
group, but also by the initial proportion of
strategy choices in the opposing game player
group [21].

0',\' y

04

D 2w

03

it

() x=0.5

Figure 3. The Impact of Different Initial Population Proportions on the Evolutionary Outcomes
of the Automotive Enterprise Group
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Figure 4. The Impact of Different Initial Population Proportions on the Evolutionary Outcomes
of the Government

The impact of changes in the government that as the government increases the subsidy
subsidy ¢ for automotive enterprises actively amount c for participating in new energy
participating in new energy vehicle research vehicle research and development, the
and development, the total social benefits m automotive enterprise group evolves towards
obtained from government subsidies for new actively participating in new energy vehicle
energy vehicle production, the increased costs research and development, and the government
p incurred by traditional automotive also evolves towards implementing subsidy
enterprises for not engaging in research and policies for new energy vehicle enterprises.
development, the additional benefits f obtained Within a certain range, the greater the
by automotive enterprises, and the additional government's  support for subsidies to
costs e incurred by automotive enterprises automotive enterprises, the shorter the time it
when engaging in new energy vehicle research takes for both the automotive enterprises and
and development on the evolutionary outcomes. the government group to converge to an
The numerical experiment results are shown in equilibrium state.

r
BER 1
K i

B ™

I:". [+E- 15 2 25 E 35 4 4% s a 0‘5 1 15 2 x5 :I* 3‘.-'. 4 45
(a) Automotive enterprise (b) the Government
Figure 5. The Impact of Changes in ¢ on the Evolutionary Outcomes of Automotive
Enterprises and the Government

From Figure 6, it can be seen that as the equilibrium state.

government increases subsidies for automotive From Figures 7, 8, and 9, it can be observed
enterprises actively engaged in new energy that when considering the increased costs p
vehicle research and production, the total incurred by traditional automotive enterprises
social benefits m obtained increase. The for not engaging in research and development,
automotive enterprise group evolves towards the additional costs e incurred by automotive
actively participating in new energy research enterprises when engaging in new energy
and development, and the government group vehicle research and development, and the
also evolves towards cooperating with additional benefits f obtained by automotive
automotive enterprises in research and enterprises, the automotive enterprise group
development. Within a certain range, the larger evolves towards actively participating in new
the government's subsidy amount for new energy vehicle research and production. The
energy vehicle enterprises, the shorter the time government group also evolves towards
it takes for both the automotive enterprises and providing subsidies for participating in new
the government group to converge to an energy vehicle research and production. The
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larger the additional costs and benefits it takes for both the automotive enterprises and
obtained by automotive enterprises for the government group to converge to an
research and development, the shorter the time equilibrium state.
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(a) Automotive enterprise (b) the Government

Figure 6. The Impact of Changes in m on the Evolutionary Outcomes of Automotive Enterprises
and the Government
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Figure 7. The Impact of Changes in p on the Evolutionary Outcomes of Automotive Enterprises
and the Government
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Figure 8. The Impact of Changes in e on the Evolutionary Outcomes of Automotive Enterprises
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Figure 9. The Impact of Changes in f on the Evolutionary Outcomes of Automotive Enterprises
and the Government
model between new energy vehicle enterprises
5. Conclusion and government departments under the subsidy
This paper establishes an evolutionary game policy, and analyzes the outcomes of the
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evolutionary game under different subsidy
levels. The system ultimately evolves to stable
states of ("non-participation, no subsidy") and
("participation, subsidy"). Based on this,
factors influencing the system's convergence to
the ("participation, subsidy") probability are
analyzed: total social benefits, excess profits
after enterprises' participation, and research
and development (R&D) subsidy amounts for
automotive enterprises. To ensure that both the
government and automotive enterprises evolve
in the most efficient direction, measures such
as increasing the additional benefits that
automotive enterprises obtain when
participating in R&D and production of new
energy vehicles under the subsidy policy, and
determining reasonable subsidy policies and
amounts, can be taken to enhance the
likelihood of the system evolving towards a
more favorable state.

This paper primarily utilizes the evolutionary
game theory to analyze the impact of
government subsidies on the participation
decisions of new energy vehicle enterprises,
based on the assumption of a game between
the government and automotive enterprises.
However, in reality, besides the game between
the government and automotive enterprises,
the behavioral choices of consumers
influenced by subsidies also affect the
development of the new energy vehicle
industry. The evolutionary game approach has
limitations, such as overlooking potential
changes in participants and their numbers.
Therefore, in subsequent research, consumer
subsidies will be considered for analysis.
Through in-depth interviews and surveys with
consumers, detailed relevant data will be
obtained for further validation, to analyze the
empirical impact on the rapid development of
new energy vehicles.
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