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Aiming at solving problems of service quality supervision in China’s pension PPP projects, this paper mainly analyses the
influences of “punishment” and “operating subsidy” on the evolutionary stability strategies of both players through constructing
an evolutionary game model between private investors and government regulators. ,e results show that improving operating
subsidy can effectively motivate private investors to improve service quality, and under the active supervision of government
regulators, increasing punishment can restrain private investors from violating rules. If government regulators fail to perform
their duties, however, punishment will be ineffective to private investors who have broken the rules. ,erefore, the Chinese
government should take appropriate measures to improve the sense of responsibility of government regulators who appropriately
punish private investors providing low-quality services and appropriately increase operating subsidies to private investors offering
high-quality services.

1. Introduction

,e public-private-partnership (PPP) is a new mode for the
government and private investor to jointly invest in public
infrastructure or service projects [1]. In recent years, in order
to solve the problem of pension supply and service quality,
the promotion and development of pension PPP projects
have been highly valued and supported by the Chinese
government. At present, more than 90% of China’s pension
PPP projects adopt BOT (build-operate-transfer) or BOO
(build-own-operate) model. ,e both modes of operating
require high costs from private investors and substantial
operating subsidy from the government. In the operating of
pension PPP projects, government regulators and private
investors may have different objectives and asymmetric
information [2], as well as incompleteness and externalities
of contracts [3], enabling private investors to take oppor-
tunistic actions for pursuing their own interests [4, 5]. In

order to make greater profits, it is possible for private in-
vestors to violate the rules and regulations, such as charging
high fees but providing low-quality services, setting up
consumption traps to cheat, or promising to provide “old-
age services” to attract investment. However, at the practical
level, because the governments do not participate in the
operation of the pension PPP projects, especially because of
the lack of service quality supervision system after the
implementation of public-private contracts, the operations
of these projects are basically in the state of “zero super-
vision” and “no regulation” [6]. ,us, the service items
provided by private investors are of varying quality. ,ese
will have a negative impact on the elderly’s pension rights,
leading to the failure of pension PPP projects.

Sabry believes that good governance and regulatory
quality have become important governance variables for
promoting private investment and improving government
capacity [7]. As a major player in PPP projects, the
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government plays an important role in PPP projects, so good
governance is a critical factor in the success of PPP projects
[8–10]. Some Chinese scholars who study the supervision of
PPP projects believe that the Chinese government should
increase the cost of private investors’ violations by estab-
lishing incentive and punishment mechanisms [11], do a
good job of supervision of PPP projects themselves [12], and
provide sustained operating subsidies to ensure the healthy
and sustainable development of the PPP model [13]. Hence,
according to the current situation of PPP project supervision
in China and the research results of the above scholars, it is
necessary to analyze the impact of such factors as “pun-
ishment” and “operating subsidy” on the behavior strategies
between private investors and government regulators in-
volved in the operating of pension PPP projects, so as to
optimize the supervision mechanism of pension PPP
projects. To address the issues, this paper constructs an
evolutionary game model between government regulators
and private investors based on evolutionary game theory and
studies the strategic choice between the two parties in the
game process.

Evolutionary game is an evolutionary dynamic process
to study group behavior, which contains the idea of repli-
cating dynamics [14, 15]. It can better represent the dynamic
process of group behavior change of individuals, and the
evolutionary results can relatively accurately reflect the
group behavior of individuals [16]. In the proposed method,
government regulators and private investors are considered
as game players. In order to choose the best strategy at each
stage of the game, government regulators and private in-
vestors try to adopt the strategy that they have the highest
utility according to that strategy. ,e game will reach to an
evolutionary stability. ,erefore, the final solution is cal-
culated according to the best players of each type of strat-
egies at the end of the game.

Evolutionary game theory (EGT) plays an important role
in dealing with the mathematics of human intentions [17].
Compared with the classical game theory, evolutionary game
holds that the knowledge of game participants is quite
limited. Nash’s “mass action” is considered to be the earliest
theoretical achievement containing more complete evolu-
tionary game theory. According to Nash, it is not necessary
to assume that participants have sufficient knowledge of the
overall game structure, nor that participants have the desire
and ability to make any complex reasoning. It is only
necessary to assume that participants can accumulate em-
pirical information about the comparative advantages of
various pure strategies when they are adopted, and Nash
equilibrium can still be achieved [18, 19]. ,e main idea is to
find the frequencies of strategies adopted in the population
during the evolutionary game process. ,is feature makes
the EGT to be used in various fields, such as social gossip
control [20], public goods [21], environmental pollution
[22], sustainable tourism [23], coal mine safety [24], and
traffic flow and epidemic [25]. ,ere are also some scholars
using the EGT to discuss how to regulate PPP projects from
different perspectives, mainly in the following two aspects.
On one hand, some scholars have explored the importance
of punishment in the supervision of PPP projects. Gao et al.

constructed an evolutionary game model of new energy PPP
projects and concluded that increasing the unit fine could
not only promote active cooperating of investors but also
reduce government supervision costs [1]. Liu et al. studied
the opportunistic behavior of the PPP project during the
operating period and discussed the punitive measures im-
posed by the government [5]. Guo and Li concluded that the
penalty for the private sectors’ no effort could have an in-
fluence on the strategic choice of both government and
private sectors by establishing a three-party game model in
the old community renovation [26]. Li and Ma proposed to
increase the rent-seeking punishment and reduce the su-
pervision cost by analyzing the evolutionary game behavior
between the government and the agent [27]. Gao and Zhao
built an evolutionary game model of the government and
investors based on new energy power construction PPP
projects and concluded that the government can increase
unit fines when making dynamic strategic adjustments,
which will not only promote the active cooperation of in-
vestors but also reduce the probability of government su-
pervision, thereby reducing costs [28]. On the other hand,
some scholars have discussed the importance of public
participation and reputation in the supervision of PPP
projects. Li et al. analyzed the influence of public partici-
pation level on public and private behavior based on evo-
lutionary game theory and concluded that the government
supervision department will tend to choose supervision
strategy with the continuous reduction of supervision cost
[29]. Wang et al. constructed a dynamic evolutionary model
to analyze the behavior strategies of governments and pri-
vate investors in the new media era and concluded that the
public engagement through new media, government repu-
tation, incentive mechanism, the discovering probability of
defaulting behaviors, and the punishment measures are the
main factors for the private investors to make decision on
the defaulting behaviors [30].

,e above literature emphasizes the importance of
government regulation and increasing punishment and
ignores the role of operating subsidies in the supervision of
PPP projects. However, in the early stage of the development
of the pension PPP projects in China, is it necessary to
increase punishment? Will it be effective to increase pun-
ishment? Moreover, the existing literature rarely uses
“punishment” and “operating subsidy” as model parameter
variables to explore their impact on the choice of behavior
strategies of participants in the process of PPP project su-
pervision. ,erefore, in order to distinguish it from the
research of existing scholars, this paper mainly discusses the
validity of factors such as “punishment” and “operating
subsidy” in solving the problem of the quality of services
provided by private investors which are supervised by
government regulators from the mathematical quantitative
point of view, mainly with the following characteristics.
Firstly, based on the limited rationality of the game players,
the supervision of pension PPP service quality is regarded as
a dynamic evolution process. ,e factors such as “punish-
ment” and “operating subsidy” commonly are introduced
into the evolutionary game model between government
regulators and private investors as variables. ,e research
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conclusions better reflect the evolutionary equilibrium
choices of the behavioral strategies between government
regulators and private investors in the supervision of the
actual cases, which are more in line with the actual cases of
the service quality supervision of pension PPP projects.
Secondly, by analyzing the game relationship and strategy
adjustment between government regulators and private
investors and using Matlab simulation to analyze the evo-
lutionary influence of the evolutionary equilibrium strate-
gies and the impact of key parameter changes on the
evolutionary system, it is more intuitive to reflect evolu-
tionary dynamic trends in the process of service quality
supervision of pension PPP. ,irdly, based on the conclu-
sions drawn from the analysis, the measures proposed to
improve the quality of pension PPP services from the
government supervision level are more operational.

,e remainder of this paper is organized as follows.
Section 2 introduces game relations between government
regulators and private investors, model assumptions, and
model construction. Section 3 analyzes the evolutionary
equilibrium points and the strategies of evolutionary sta-
bility between government regulators and private investors.
Section 4 is relevant numerical analysis. Section 5 is the
conclusions of the paper.

2. Game Relations and Model Construction

2.1. Game Relations between Private Investors and Govern-
ment Regulators. Government departments and private
investors form pension PPP project companies according to
the explicit contract of public-private contract. According to
the Financial (2019) No. 10 document, private investors are
responsible for the operating of pension PPP project
companies and assume the operating risks of input and
output, while government regulators pay strictly according
to the performance of project output and bear the risks of
policy and law. Private investors get returns through user
fees and operating subsidy and pursue maximum profits and
shareholder equity. Government regulators establish the
service quality standard system and the old-age service
guarantee system required by PPP projects in the old-age
industry to ensure the maximization of public welfare.
However, the government’s goal of providing better pension
services for the elderly through PPP projects does not de-
pend on whether the government entrusts the operating
rights of PPP projects to private investors but on how
government regulators regulate private investors. Because of
information asymmetry, the contract between the govern-
ment and private investors cannot be complete. When there
are loopholes or failures in government regulation, private
investors are prone to opportunistic behavior. ,erefore,
government regulators need to take effective regulatory
measures not only to punish violations but also to link
operating subsidy with the quality of service of project
operating. In the process of supervision of pension PPP
projects, the choice of behavioral strategies of government
regulators and private investors interacts with each other,
and the evolutionary game of both parties can be regarded as
a dynamic game process.

2.2. Parameter Setting and Game Model Construction.
Based on the above analysis, the following assumptions
between private investors and government regulators are
proposed.

Assumption 1. Private investors and government regulators
are considered as game players. Under the condition of
information asymmetry, the game players are both with
bounded rationality, and each of them does not have a full
understanding about their opponent’s strategy and benefit
function. ,ey will continuously adjust their strategy during
the game until the optimal strategy is found.

Assumption 2. Private investors’ strategy space is defined
as I � (HQ, LQ). HQ (providing high-quality services)
represents that private investors compliance with public-
private contracts and government regulation quality
standards to improve the quality of aged care services,
where the cost is CH. LQ (providing low-quality services)
represents that private investors violate public-private
contracts and government regulatory quality standards in
order to make more profits by reducing the quality of
pension services, where the cost is CL, and at this time,
CH >CL. Vs refers to the income from the sale of pension
services by private investors. Re refers to the government’s
operating subsidy income to private investors for HQ. Fs
refers to the fines imposed by government regulators on
private investors for LQ.

Assumption 3. Government regulators’ strategy space is
defined as R� (AS, NS). AS (active supervision) indicates
that government regulators actively supervise the operating
and service quality of PPP projects for the aged in order to
avoid private investor violations, where the income available
is Rg and the required cost is Cg. NS (negative supervision)
indicates that government regulators do not punish private
investors with low-quality services, where the income
available and the required cost are both 0. However, in this
case, due to the failure to find the quality of service in time,
government regulators will be subject to public complaints
and punishment by higher authorities, and the loss will
be Fg.

Assumption 4. x(0≤x≤ 1) is the probability that private
investors adopt HQ strategy, and then 1 − x means the
probability that manufacturers adopt LQ strategy.
y(0≤y≤ 1) is the probability that government regulators
adopt AS strategy, and then 1 − y represents the probability
that government regulators adopt NS strategy.

In order to simplify the model, it is assumed that if
government regulators carry out the supervision work ac-
tively, it will absolutely discover and deal with the problem
of LQ, and if government regulators conducted negatively,
the problem of LQ will not be investigated or solved.
According to the above assumptions, the payoff matrix of
private investors and government regulators is shown in
Table 1.
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3. Evolutionary Game Analysis

3.1. Equilibrium Point of Evolutionary Process. According to
the evolutionary game payment matrix above, the expected
returns of private investors in choosing the strategies of HQ
and LQ and the average expected returns of private investors
are obtained, respectively:

Y11 � y Vs + Re − CH(  +(1 − y) Vs + Re − CH( 

� Vs + Re − CH,

Y12 � y Vs − CL − Fs(  +(1 − y) Vs − CL( 

� − yFs + Vs − CL,

Y1 � xY11 +(1 − x)Y12 � x Vs + Re − CH( 

+(1 − x) − yFs + Vs − CL(  .

(1)

According to the Malthusian dynamic equation [31], the
growth rate of the number of HQ is equal to Y11 − Y1 and t is
regarded as the time, so private investors’ replication dy-
namic equation can be obtained as

Y(x) �
dx

dt
� x Y11 − Y1(  � x((1 − x) yFs + Re − CH + CL( .

(2)

In the same way, the government regulators’ replication
dynamic equation can be obtained as

G(y) �
dy

dt
� y(1 − y) (1 − x)Fg + Rg − Cg . (3)

According to the above analysis, a two-dimensional
power system L can be obtained from the formulas (2) and
(3), that is:

dx

dt
� x(1 − x) yFs + Re − CH + CL( ,

dy

dt
� y(1 − y) (1 − x)Fg + Rg − Cg .

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(4)

Let dx/dt � 0 and dy/dt � 0, then we can know that
(0, 0), (0, 1), (1, 0), (1, 1), and (x∗, y∗) are the equilibrium
points of the system. Among them, x∗ � (Fg + Rg − Cg)/Fg
and y∗ � (CH − CL − Re)/Fs and y∗ � (CH − CL − Re)/Fs.

3.2. Stability Analysis of Equilibrium Points and Evolu-
tionary Strategies. According to the literature [32], the
Jacobian matrix J of the two-dimensional dynamic system
L is

J �
(1 − 2x) yFs + Re − CH + CL(  x(1 − x)Fs

− y(1 − y)Fg (1 − 2y) (1 − x)Fg + Rg − Cg 
⎡⎣ ⎤⎦. (5)

If the following two conditions are met at the same time,
the equilibrium point of the replication dynamic equation
will be the evolutionary stability strategy (ESS).

(1) trJ � (1 − 2x)(yFs + Re − CH + CL) + (1 − 2y)[(1 −

x)Fg + Rg − Cg]< 0 (condition of the trace)
(2) detJ � (1 − 2x)(yFs + Re − CH + CL)(1 − 2y)[(1 −

x)Fg + Rg − Cg] − x(1 − x)Fs(1 − 2y)[(1 − x)Fg +

Rg − Cg]> 0 (condition of the Jacobi determinant)

Since there is trJ � 0 at the local equilibrium point
(x∗, y∗), it is not the equilibrium point of the system
evolution stability strategy. ,erefore, only trJ and detJ of
the Jacobian matrix at the remaining four local equilibrium
points need to be considered, and the stability of the system
L needs to be analyzed from five cases as follows. Local
stability analysis of case 1 and case 2 is shown in Table 2, and
the judgment methods of other cases are the same, which
will not be listed here one by one.

Case 1. When Re <CH − CL <Fs + Re and Rg <Cg − Fg at
the same time or when Fs + Re <CH − CL and Rg <Cg − Fg
at the same time, the evolutionary stability strategy (ESS) of
system L is (0, 0).

Case 2. When Re <CH − CL <Fs + Re and Cg − Fg <Rg <Cg
at the same time, there is no evolutionary stability strategy
(ESS) in system L.

Case 3. When Re >CH − CL and Rg <Cg at the same time,
the evolutionary stability strategy (ESS) of system L is (1, 0).

Case 4. When Fs + Re <CH − CL and Cg − Fg <Rg <Cg at
the same time or when Fs + Re <CH − CL and Rg >Cg at the
same time, the evolutionary stability strategy (ESS) of system
L is (0, 1).

Case 5. When Re >CH − CL and Rg >Cg at the same time or
when Re <CH − CL <Re + Fs and Rg >Cg at the same time,
the evolutionary stability strategy (ESS) of system L is (1, 1).

4. Numerical Analysis

Based on the analysis of evolutionary stability of both sides
of the game under the above different conditions, we take the
PPP projects of pension institution in China’s pension in-
dustry as examples, assign values to each parameter, perform
numerical evolution and simulation analysis, and then use

Table 1: Payoff matrix of private investors and government
regulators.

Private investors
Government regulators

AS (y) NS (1 − y)
HQ (x) Vs + Re − CH, Rg − Cg Vs + Re − CH, 0
LQ (1 − x) Vs − CL − Fs, Rg − Cg Vs − CL, − Fg
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Matlab software to simulate the dynamics evolution process
of strategic selection between government regulators and
private investors. In order to make the simulation results
more scientific and objective, it is assumed that there are 100
beds in PPP project center of an old-age institution which
collect the elderly with good evaluation ability by means of
market payment. According to the actual situation of our
country, the following parameters have been rationally al-
located, but it cannot fully represent the actual situation in
the process of supervision of the pension PPP project. For
example, China’s provincial civil affairs departments provide
an operating subsidy of 2400–4800RMB per year for an
elderly person with good assessment ability in pension in-
stitutions.We assign amedian value of 3600 RMB per year to
Re.,e initial assignment of each parameter under the above
evolutionary stabilization strategy is shown in Table 3 (unit:
million RMB per year).

4.1. Verification of Evolutionary Stability Strategy Case.
Suppose the horizontal axis represents the probability of
private investors providing high-quality services, and the
vertical axis represents the probability of active supervi-
sion by government regulators. ,e five different initial
ratios x � 0.1, y � 0.1, x � 0.2, y � 0.2, x � 0.4, y � 0.4,

x � 0.7, y � 0.7, andx � 0.9, y � 0.9 are randomly assigned
to each game player in the game. ,e simulation is shown in
Figures 1–6.

(1) Figure 1 shows that the system eventually tends to be
in the stable state of (0, 0).,at is to say, under
different initial ratios of x and y, private investors
initially have a large proportion of the HQ strategies.
But, when operating subsidy obtained by private
investors by HQ are less than the cost saved by LQ
and when the government’s penalties for private
investors by LQ are lighter, making the net benefit of
choosing the HQ strategy less than the net benefit of
choosing the LQ strategy, private investors tend to
choose the strategy of HQ than to choose the strategy
of LQ. Similarly, many government regulators ini-
tially choose the strategy of AS in order to maximize
social interests. But, when the cost of AS is higher
than the supervision income and when the pun-
ishment of dereliction of duty by higher government
is lighter, making the net income choosing the AS
strategy less than the net income of choosing the NS
strategy, government regulators have changed their
choice of the AS strategy to the NS strategy. ,e

interaction between the two sides evolved to the
worst equilibrium point. At this time, the govern-
ment regulatory mechanism is in an “ineffective”
state, the service quality guarantee level of the
pension PPP market is the lowest, and the overall
social utility is the smallest. If this “invalid” state
continues, it will lead to the failure of the pension
PPP projects.

(2) Figure 2 shows that the system does not have a
unique evolutionary stable point. ,at is to say,
under different initial ratios, when the cost saved by
LQ of private investors is higher than the operating
subsidy obtained by HQ and is lower than the sum of
the punishment for violations and the operating
subsidy for HQ at the same time, and when gov-
ernment regulators’ profits are greater than the
difference between supervision costs and punish-
ment for dereliction of duty and are lower than the
supervision costs at the same time, the evolution
trends of the interaction behavior of private investors
and government regulators are similar, and they are
all in a cyclical state with no stable evolution strategy.
,is is in line with the fact that most of government
regulators in China usually adopt an active regula-
tion during the high-incidence season of old-age
service and adopt a negative intermittent supervision
mode during the low-incidence period. At this time,
the government’s supervision mechanism can only
temporarily curb the service quality of pension PPP
projects, but it cannot promote private investors to
improve the service quality for the aged for a long
time and thoroughly solve the problem of the service
quality for the aged.

(3) Figure 3 shows that the system eventually tends to be
in the stable state of (1, 0). ,at is to say, when the
operating subsidy obtained by private investors by
HQ is greater than the cost saved by LQ and when
the profits gained by the active regulation of gov-
ernment regulators are less than the regulatory costs,
the system will eventually evolve into a negative
“locked” state in which private investors adopt HQ
strategy and government regulators choose to trust
private investors, thus choosing NS strategy. ,e
interaction between the two sides has evolved to a
subinferior equilibrium. At this time, the govern-
ment supervision mechanism is in a bad “lock-in”
state. Long-term NS by government regulators may
lead to high operating subsidy for pension PPP

Table 2: Local stability analysis of case 1 and case 2.

Case 1 Case 2
Re <CH − CL <Fs + Re and

Rg <Cg − Fg
Fs + Re <CH − CL and Rg <Cg − Fg

Re <CH − CL <Fs + Re and
Cg − Fg <Rg <Cg

Balance point trJ detJ Local stability trJ detJ Local stability trJ detJ Local stability
(0, 0) − + ESS − + ESS ± − Saddle point
(1, 0) ± − Saddle point ± − Saddle point ± − Saddle point
(0, 1) ± − Saddle point + + Instability point ± − Saddle point
(1, 1) + + Instability point ± − Saddle point ± − Saddle point
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Table 3: Simulated values of parameters in the case of evolutionary stabilization strategy.

Evolutionary stability and conditions CH CL Re Fs Fg Rg Cg Simulation diagram

Case 1 Re <CH − CL <Fs + Re and Rg <Cg − Fg 4.8 4.2 0.36 0.5 0.3 0.2 0.6 Figure 1(a)
Fs + Re <CH − CL and Rg <Cg − Fg 4.8 4.2 0.36 0.1 0.3 0.2 0.6 Figure 1(b)

Case 2 Re <CH − CL <Fs + Re and Cg − Fg <Rg <Cg 4.8 4.2 0.36 0.5 0.3 0.4 0.6 Figure 2
Case 3 Re >CH − CL and Rg <Cg 4.8 4.2 0.72 0.5 0.3 0.4 0.6 Figure 3

Case 4 Fs + Re <CH − CL and Cg − Fg <Rg <Cg 4.8 4.2 0.36 0.1 0.3 0.4 0.6 Figure 4(a)
Fs + Re <CH − CL and Rg >Cg 4.8 4.2 0.36 0.1 0.3 0.6 0.4 Figure 4(b)

Case 5
Re >CH − CL and Rg >Cg 4.8 4.2 0.72 0.1 0.3 0.6 0.4 Figure 5(a)

Re <CH − CL <Fs + Re and Rg >Cg 4.8 4.2 0.36 0.5 0.3 0.6 0.4 Figure 5(b)
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Figure 1: Simulation results of case 1.
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Figure 3: Simulation results of case 3.
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projects becoming a“cash-for-money”approach for
some people, including private investors and gov-
ernment officials.

(4) Figure 4 shows that the system only has one unique
stable point (0, 1). ,at is to say, when the sum of the
losses due to the government’s punishment for
private investors’ illegal services and the operating
subsidy obtained by the provision of high-quality
services are less than the cost of providing services
with low quality and when the profits gained by
the active regulation of government regulators are
higher than the difference between the regulatory

costs and the cost of punishment for the dereliction
of duty and are lower than the regulatory costs, or
when the profits gained by regulation of government
regulators are higher than the regulatory costs, the
system will eventually evolve into a negative “locked”
state in which private investors adopt LQ strategy
and government regulators choose the strategy of
AS. ,e interaction between the two sides evolved to
the next worst equilibrium point. At this time, al-
though the government regulators actively supervise,
it can only curb private investors’ irregularities in the
short term and cannot fundamentally promote
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Figure 4: Simulation results of case 4.
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Figure 5: Simulation results of case 5.

Mathematical Problems in Engineering 7



private investors to improve the quality of pension
services, thus affecting the high-quality development
of pension PPP projects.

(5) Figure 5 shows that the system only has one unique
stable point (1, 1). ,at is to say, when the cost saved
by private investors through LQ is less than the sum
of the losses due to the government’s punishment for
the private investor’s illegal services and the oper-
ating subsidy obtained by the provision of high-
quality services and when the profits gained by the
active regulation of government regulators are
higher than the regulatory costs, the system will
eventually evolve into an “ideal” state in which
private investors adopt HQ strategy and government
regulators choose the strategy of AS. ,is shows that
the “operating subsidy” mechanism and the “pun-
ishment mechanism” for private investors are ef-
fective.,e interaction between the two sides evolves
into a benign equilibrium point. At this time, the
government’s regulatory mechanism has reached an
“ideal” state. Private investors and government
regulators are highly motivated. ,e quality of the
old-age service is consciously controlled, the regu-
latory resources are fully utilized, the social benefits
are maximized, and pension PPP projects can
achieve sustainable and high-quality development.

4.2. Simulation Analysis of the Influence of Key Parameter
Variables. It is assumed that both of the initial values of x

and y are 0.4. First, on the basis of the parameter values in
case 1, i.e., the parameter assignment in Figure 1(a), Re, Fs,
Fg, Rg, and Cg are assumed as five sets of variables, and
Matlab simulation is performed then. ,e results are shown
in Figures 6–10. Second, on the basis of the parameter values
in case 3, i.e., the parameter assignment in Figure 3, Fg is

assumed as a variable, and Matlab simulation is performed
then.,e results are shown in Figure 11. At last, based on the
original value of case 4, i.e., the parameter assignment in
Figure 4(b), it is assumed that Fs orRe should be the variable,
respectively, and Matlab simulation is performed then. ,e
results are shown in Figures 12 and 13.

(1) Figure 6 shows that, when Re > 0.6, the system starts
to evolve positively from the point (0, 0) to the point
(1, 0). Figure 12 shows that, when Re > 0.48, the
system starts to evolve positively from the point
(0, 1) to the point (1, 1). ,ese results indicate that
increasing operating subsidy can effectively motivate
private investors to improve service quality, re-
gardless of whether government regulators choose
the strategy of AS or the strategy of NS and also show
that “operating subsidy” is the key factor affecting the
strategic change of private investors. ,erefore, in
order to motivate private investors to maintain the
enthusiasm of providing high-quality services, the
government can appropriately increase the operating
subsidy, but when the operating subsidy is not as
good as possible, the more the government will
increase the financial burden and may lead to private
investors’ “fraudulent subsidy,” which occur from
time to time in China.

(2) Figure 7 shows that the increase of Fs does not
promote the benign transformation of the game
system, and it is still at stable point (0, 0). Figure 13
shows that, when Fs > 0.2, the system starts to evolve
positively from the point (0, 1) to the point (1, 1).
,ese results indicate that “punishment” is not the
key factor affecting the strategic change of private
investors. Under the NS strategy of government
regulators, increasing punishment for private in-
vestors’ violations will not change their strategy from
LQ to HQ; while under the AS strategy of

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

11

y

x

Re = 0.48
Re = 0.60
Re = 0.72

Re = 0.84
Re = 0.96

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

11

y

Fs = 0.6
Fs = 0.70
Fs = 0.8

Fs = 0.9
Fs = 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x

Figure 7: When Rg <Cg, evolution track with the change of Fs.

8 Mathematical Problems in Engineering



government regulators, increasing punishment can
restrain private investors from violating rules.
However, the punishment is not as big as possible.
In theory, once private investors participate in
pension PPP projects, they will not easily withdraw
from the ones. In practice, if the punishment is
excessive, beyond the scope of the private investors
can bear, it is very likely that private investors will
“flee” from the projects, thus leading to the failure
of the pension PPP projects. ,erefore, the Chinese
government should choose appropriate punish-
ment to encourage private investors to provide
high-quality services without leading them to
withdraw from projects.

(3) Figure 8 shows that with the increase of punishment
from superiors to government regulators.,e system
evolves from a stable state point (0, 0) to an unstable
state, similar to the state in Case 2. Figure 11 shows
that the system is still at a stable point (1, 0) with the
increase of punishment imposed on government
regulators. ,ese indicate that when Rg <Cg, in-
creasing the punishment for dereliction of duty by
the supervisor cannot fundamentally change the
supervisory strategy of government regulators. At
the same time, these also show that punishment from
the superiors is not a key factor affecting the choice
of regulatory behavior strategies of government
regulators. ,erefore, in the case of the NS strategy
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Figure 9: When Rg <Cg, evolution track with the change of Rg.
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Figure 11: When Rg <Cg, evolution track with the change of Fg.
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chosen by government regulators, even if the higher
government increases the punishment for the gov-
ernment regulators’ negligence, it cannot funda-
mentally change the supervision strategy of
government regulators.

(4) Figure 9 shows that as the supervision benefit of
government regulators increases continually, the
system first evolves from the stable state (0, 0) to an
unstable state. Finally, when Rg > 0.6, the system
eventually tends to be the stable state of (1, 1).
Figure 10 shows that as the supervision cost of
government regulators reduces continually, when
Cg < 0.6, the system eventually tends to be the stable

state of (1, 1).,ese indicate that, when the super-
vision benefit is greater than the supervision cost,
government regulators will choose the strategy of
AS, and private investors will adopt HQ strategy. At
the same time, these also show that supervision
benefit and supervision cost are the key factors af-
fecting the choice of regulatory behavior strategies of
government regulators. ,us, increasing govern-
ment supervision benefit or reducing government
supervision cost can effectively improve the super-
vision enthusiasm of government regulators, so as to
promote private investors to improve the pension
service quality under the strategy of AS by govern-
ment regulators.

5. Main Conclusions and Suggestions

5.1. Main Conclusions. Aiming at solving problems of ser-
vice quality supervision in China’s pension PPP projects, this
paper constructs the evolutionary game model between
private investors and government regulators. From the
stability analysis of evolution strategies of both sides and the
results of Matlab simulation, it can be concluded that
“operating subsidy” is the key factor affecting private in-
vestors’ strategic choice, and improving operating subsidy
can effectively motivate private investors to improve service
quality. “Punishment” is neither the key factor affecting the
choice of private investors’ strategies nor the key factor
affecting the regulatory strategies of government regulators.
Under the active supervision of government regulators,
increasing punishment can restrain private investors from
violating rules. If government regulators fail to perform their
duties, however, punishment will be ineffective to private
investors who have broken the rules. “Supervision benefit”
and “supervision cost” are the key factors affecting the choice
of regulatory behavior strategies of government regulators.
Increasing the supervision benefit of government regulators
or reducing the supervision cost can improve the sense of
responsibility of government regulators, so as to promote
private investors to improve the pension service quality.
,erefore, the Chinese government should take appropriate
measures to improve the sense of responsibility of gov-
ernment regulators who appropriately punish private in-
vestors providing low-quality services and appropriately
increase operating subsidies to private investors offering
high-quality services.

5.2. Suggestions for the Government. In order to improve the
effectiveness of the government’s supervision on the service
quality of pension PPP, the following specific measures are
put forward.

Firstly, the government should optimize the supervision
mechanism, strengthen supervision, and highlight the ef-
fectiveness of “operating subsidy” and “punishment”. Op-
erating subsidies should be increased appropriately for
private investors who provide high-quality services. Ap-
propriate punishment measures should be taken for private
investors’ breach of contract, so as to ensure that they not
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only provide high-quality services but also do not withdraw
from the projects. Secondly, a unified and efficient service
center for pension PPP projects and an information system
for quality supervision and management of pension PPP
projects should be established, which intelligently supervises
with the help of big data technology, so as to reduce the cost
in the process of supervision. At the same time, the su-
pervision benefit of local government regulators should be
increased. Finally, the government should introduce other
mechanisms, such as “public participation”, “third-party
evaluation,” and “reputation incentives” to prevent the
punishment mechanism from failing under the negative
supervision case of government regulators.

5.3. Author’s Prospect. ,e supervision of PPP service
quality for the aged is a game process involving multi-
stakeholders. In this study, only two game players of private
investors and government regulators are considered. In the
follow-up study, the third-party evaluation institutions and
consumers are included in the game subject. ,e game
model will also consider more factors, such as “public
participation” and “reputation incentive” as variables in the
model, and explore the internal mechanism of the multi-
dimensional supervisionmodel of PPP service quality for the
aged.
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