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In China, most of peer-to-peer (P2P) lending platforms do not possess operational sustainability due to excessive defaults. To address
this problem, the conflict of interests among P2P lending participants is discussed using a stakeholder approach. An evolutionary
gamemodel (EGM) of three players is developed to analyse the interactions among regulatory authorities, P2P lending platforms, and
borrowers.+en, the asymptotic of the equilibrium and evolutionary stability strategies of the EGMare analysed. Results indicate that
either the P2P lending platforms or borrowers will choose “noncompliant operation” or “default” strategies from a short-term
perspective, and the strict supervision of the P2P lending platform in the short term is necessary for the sustainable operation of the
platform. When supervision is intensified in the early stage and regulatory pressure becomes a normal state, P2P lending platforms
and borrowers will actively select “compliant operation” and “repayment” strategies even if there is a lack of regulation in the future.
Meanwhile, the behavioural strategies of P2P lending participants can be changed to conform to the sustainability of P2P lending by
reducing the costs of strict supervision and increasing the damage caused by general supervision, reward and punishment coefficient
for P2P lending platforms, repayment incentives of borrowers, and defaulting opportunity costs. Finally, suggestions for regulating
the behaviours of P2P lending participants and promoting sustainability of P2P lending industry are discussed.

1. Introduction

Peer-to-peer (P2P) lending, as a supplement to the modern
financial system, deals with the financing difficulties for
small and medium-sized enterprises (SMEs). It plays an
important role in promoting inclusive finance [1]. +e
number of P2P lending platforms has increased significantly
in many countries. In China, the P2P lending industry has
increased 60 times from 2013 to 2017 [2]. However, P2P
lending has been increasingly regulated in recent years [3],
and most of P2P lending platforms do not possess opera-
tional sustainability due to the excessive defaults. By the
beginning of 2021, the number of normal operational P2P

lending platforms was only six in China, more than 6000
platforms have gone bankrupt, and the transaction volume
of the P2P lending has dropped by nearly 80% compared
with the peak in 2017 [4]. +at is to say, the sustainability
issue of the P2P lending industry is becoming a challenge of
the P2P lending in China. In this context, it is significant to
understand the interests and interactions of the P2P lending
stakeholders. In practice, most of the P2P lending platforms
cannot coordinate the interests of P2P participants to ensure
the sustainable operation of P2P lending. +erefore, it is an
important and interesting topic to focus on the behaviours
and interactions of P2P lending stakeholders from a sus-
tainable operation perspective.
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More specifically, P2P lending includes many stake-
holders, where regulatory authorities, P2P lending plat-
forms, and borrowers are considered to be the three critical
P2P lending participants [5, 6]. +e three participants often
face a conflict of interest when pursuing their maximum
interests, respectively. For example, in the case of weak
regulation, P2P lending platforms can often obtain some
extra benefits through noncompliant operations. Mean-
while, the total return of the society will become smaller,
which is not aligned with the regulatory expected revenue
and damages the interests of regulatory authorities.
According to Garćıa-Pérez et al. [7] and Cao et al. [8],
sustainability can be seen as the result of the coordination of
interests among multiple stakeholders. It is almost impos-
sible to achieve the sustainable operation of P2P lending if
the conflict of interest among P2P lending participants is not
balanced [9]. Besides, due to a lack of legal and regulatory
systems of the P2P lending [10], inadequate regulatory basis
[11], and high regulatory costs and rent-seeking behaviour
[12], the regulation of P2P lending market usually receives a
great uncertainty.+erefore, the sustainable operation of the
P2P lending market depends on the strategic game among
the regulations by regulatory authorities, compliant be-
haviours of P2P lending platforms, and repayment behav-
iours of borrowers.

In recent years, issues about the behaviour of P2P
lending participants have received increasing attention, but
it is still in its early stages. First, most researchers are keen to
study the herding behaviour in the P2P [13–15], defaulting
behaviour of borrowers in P2P lending [16, 17], and op-
erational behaviour of P2P lending platforms [18]. +ese
studies generally focus on the characteristic and influencing
factors of the behaviour of a single participant, but the
interactions with each other of P2P lending participants with
regard to the operations are ignored. +is evokes an in-
teresting question on how behaviours of P2P lending par-
ticipants affect the sustainability of the P2P lending. Second,
the researches on the interest coordination among the P2P
lending participants are still limited in the previous litera-
ture. For instance, the interest-coordination mechanisms
between multiple participants, such as lenders and platform
[19], borrowers and lenders [20], and platforms and gov-
ernment [12, 21], are generally studied. However, the in-
terest-coordination mechanisms are only for two players
and cannot illustrate how to perform well for P2P lending
participants to achieve sustainability of the P2P lending
industry. +ird, from the perspective of sustainable opera-
tions, it is necessary to coordinate the interest of each P2P
lending participant and ensure that the participants can be
profitable. For analysing the conflict of interest, an evolu-
tionary game model (EGM) emphasizing bounded ratio-
nality and dynamic decision-making processes was
formulated to study the interest-coordination mechanism
among P2P lending participants. On the one hand, due to
incomplete information and information asymmetry [20],
regulatory authorities, P2P lending platforms, and bor-
rowers fail to acknowledge the decision of each other (e.g.,
compliant operation or noncompliant operation, repay-
ment, or default), and they show bounded rationality to

make their decision according to the previous interactions
among them. On the other hand, since the returns and costs
vary in different games among regulatory authorities, P2P
platforms, and borrowers, each participant will continuously
change their strategies in the decision-making system. For
example, regulatory authorities enhance the regulations
because of the increasing returns, while the regulations are
reduced by the growth of costs [22]. Similarly, borrowers
adopt repayment strategy owing to rewards from the plat-
forms [23], while they change the decision of repayment into
default because of the reduction of defaulting cost. +us, the
behavioural system among regulatory authorities, P2P
platforms, and borrowers should be captured by dynamic
decision-making processes using the EGM. It is important
and interesting to investigate the dynamical decision-
making processes by using EGM.

According to an overview of the studies on the behaviour
of the P2P lending participants, the research questions and
openings that motivate this research are summarized as
follows.

(i) What is the conflict of interest among regulatory
authorities, P2P lending platforms, and borrowers?
How to formulate and solve an EGM of three-player
to balance the interests of the three participants?

(ii) How do behavioural strategies of P2P lending
participants affect the evolutionary results? What
are the optimal behaviour strategies for regulatory
authorities, P2P lending platforms, and borrowers
from the perspective of sustainable operations?

(iii) What is the impact of the relevant parameters on
behavioural strategies of the three P2P lending
participants?

To address the aforementioned issues, by adopting
stakeholder approach, the conflicts of interest among reg-
ulatory authorities, P2P lending platforms, and borrowers
are analysed in this paper. Besides, due to the asymmetric
information available, short-sightedness, and self-interest
[24, 25], P2P lending participants may show bounded ra-
tionality in multistage games. An EGM is developed, and the
asymptotic of the equilibrium and evolutionary stability
strategies of the EGM are analysed. Meanwhile, the inter-
actions and the interest-coordination mechanisms among
P2P lending participants are analysed.

+e contributions include the following three points. (1)
An EGMof three players is developed to explore interactions
among regulatory authorities, P2P lending platforms, and
borrowers, which overcomes the limitations of two-player
evolutionary game mechanism in previous studies. (2) +e
interest-coordination mechanism among P2P lending par-
ticipants is designed to guide each participant to choose the
behavioural strategy, which is beneficial to the sustainability
of P2P lending. +e behavioural strategies of P2P lending
participants are theoretically and numerically analysed, and
the conclusions contributing to the sustainability of P2P
lending are obtained. For instance, we find that the strict
supervision of the P2P platform in the short term is nec-
essary for the sustainable operation of the platform. (3) We
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investigate the influencing factors of the behaviours and
interactions of P2P lending participants systematically and
analyse the impact of rewards and penalties by regulatory
authorities, repayment incentives, and defaulting opportu-
nity costs on the evolutionary stability strategies, and we
propose suggestions for sustainable development of the P2P
lending industry.

+e rest of this paper is organized as follows: Section 2
reviews the existing literature concerning the behaviour of
P2P lending participants, conflict of interest among P2P
lending stakeholders, and evolutionary game theory. In
Sections 3 and 4, an EGM of three-player is proposed to
analyse the interactions among regulatory authorities, P2P
lending platforms, and borrowers. Section 5 presents the
numerical study and discusses the computational results.
Section 6 provides conclusion and directions for future
research.

2. Related Work

In recent years, many scholars have paid attention to study
the P2P lending. In line with the title and structure of this
paper, the related work is reviewed from the aspects of
behaviour of P2P lending participants, conflict of interest
among P2P lending participants, and evolutionary game
theory.

First, the behaviour of P2P lending participants is the
main focus of this work. In previous studies, Berkovich
proved that there is a herding behaviour in P2P lending [26].
Herzenstein et al. found that there is an obvious herding
effect in the P2P loans closing to full bids, while the herding
effect is weakened in loans that have full bids [27]. Liu et al.
pointed out that friends with close offline relationships
would have a stronger herding effect than friends with
ordinary offline relationships in P2P lending [13]. Jiang et al.
found that the automatic bidding mechanism can weaken
the herding effect and present reasonable herding behaviour
in P2P lending [28]. Kim pointed out that the rationality of
investors’ herding behaviour in P2P lending is not deter-
ministic but changes with the investors’ credit evaluation
methods in each market [29]. Yang et al. pointed out that
better operational capabilities, profitability, and platform
security can help to improve investors’ investment behav-
iour [30]. Ding et al. proved that a good reputation can
reduce the defaulting probability of borrowers and effec-
tively restrain their defaulting behaviour of borrowers [16].
Ge et al. pointed out that social media behaviours of bor-
rowers, especially self-disclosure behaviours, have an im-
portant impact on the defaulting probability of borrowers on
P2P lending websites [17]. Du et al. found that text message
reminders, which convey lenders’ positive expectations,
considerably increase the possibility of borrower’s repay-
ment [31]. Yu and Shen conducted a study of existing P2P
lending regulatory system in China and found that the strict
regulations of P2P lending platforms limit their ability to
maintain the role of a broker, which in turn jeopardized the
commercial sustainability of P2P lending platform [32].

Second, the conflict of interests among the P2P lending
participants is another important stream in this paper. +e
stakeholder is defined broadly as any group or individual
that can influence the achievement of an organization’s goals
or be affected by the achievement thereof [9]. Bachmann
analysed the external stakeholders in the P2P lending
platform through the method proposed by Freeman [5]. Wei
and Lin divided the main stakeholders involved in P2P
lending market into borrowers, lenders, and P2P lending
platforms and developed a game model based on the general
characteristics of the market and stakeholders’ incentives
[19]. Cohen and Sundararajan divided the stakeholders of
P2P sharing economic platform into governmental and
nongovernmental stakeholders and noted that the regula-
tory issues on P2P sharing economic platform can be re-
solved through self-regulation [33]. In this paper, we divided
the P2P lending stakeholders into regulatory authorities,
P2P lending platforms, borrowers, and investors. +ere are
obvious conflicts of interest among them. For instance, Chen
and Tsai pointed out that noncompliant operations and
fraudulent behaviour of P2P lending platforms would force
investors to encounter the defaulting risk and loss of in-
terests [10]. Zhang andWang found that the high regulatory
costs and rent-seeking behaviours of regulatory authorities
posed the operational risk to the P2P lending platforms and
damage the interests of platforms [12].

+ird, the third stream of the literature review is the
introduction of EGM and its applications. Evolutionary
game theory was proposed in the 1970s, which emphasized
on the importance of replicator dynamics when players with
bounded rationality would adjust their strategies in line with
their previous actions, especially through successful strate-
gies [34, 35]. In recent years, evolutionary game theory is
widely used in the field of economics and finance. For in-
stance, Antoci et al. constructed an EGM between visitors
and firms with replicator dynamics and found that such a
dynamic process may lead to welfare-improving attractive
Nash equilibrium [36]. Zhao et al. adopted an EGM to
explore the cooperation or competition between Chinese
e-commerce financial institutions and commercial banks
[37]. Zhang et al. analysed the investment decision process in
cyber offender–defender interaction by an EGM [38]. Li
et al. used the two-player EGM to simulate the performance
of supply chainmembers under the environment of financial
risk [39]. Yang and Fu constructed an EGM to analyse the
equilibrium strategies of inclusive financial institutions and
the poor in poverty-reduction activities [40]. Liu and Xia
constructed an EGM between borrowers and lenders in P2P
lending market to study the impact of evolutionary equi-
librium strategies of lenders and borrowers’ behavioural
strategies on the risk to the P2P lending platforms under
bounded rationality [20].

To sum up, although the aforementioned literature has
discussed either the behaviour of the P2P lending par-
ticipant or the EGM, there are still limitations that need to
be addressed. +e following conclusions can be
summarized.
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(1) An empirical approach [26–30] or a qualitative
approach [31, 32] to investigate the behaviour of a
single participant in the P2P lending is popular in the
existing literature. However, a quantitative approach
to study the interaction among multiple P2P lending
participants regarding sustainable operations is ig-
nored. In this paper, we studied the interaction and
interest-cooperation mechanisms among the P2P
lending participants to achieve sustainability of P2P
lending.

(2) +ere are conflicts of interest among the major P2P
lending participants [10, 12]. +us, it is necessary to
understand the interest and interactions of P2P
lending participants to coordinate the interest
among them for achieving sustainable development
of the P2P lending industry.

(3) According to the aforementioned literature, the
EGM of two game groups or two players is often
applied in studies [20, 36–40]. However, practical
cases usually involve more than two participants. In
this context, we formulate an EGM of three players
including regulatory authorities, P2P lending plat-
forms, and borrowers for the sustainability of P2P
lending.

3. Model Formulation

3.1. Problem Description. P2P lending participants include
regulatory authorities, P2P lending platforms, borrowers,
and investors, as shown in Figure 1. +e behaviour of in-
vestors is significantly affected by both P2P lending plat-
forms and borrowers [41, 42]. In detail, a good reputation
can attract more investors to invest in P2P lending [43].
Moreover, the lack of regulation, noncompliant operation of
P2P lending platforms, and defaulting behaviour of bor-
rowers are the main causes of chaos in P2P lending industry.
+us, regulatory authorities, P2P lending platforms, and
borrowers are considered to be the three most influential
stakeholders for the sustainability of P2P lending industry.
+e research on the sustainability of the P2P lending can also
simplify the discussion of behavioural strategy chosen by
regulatory authorities, P2P lending platforms, and bor-
rowers in their conflict of interests.

More specifically, regulatory authorities are the makers
of rules and policies in the P2P lending industry and play an
important role in regulating the normal operation of the P2P
lending market and ensuring the safety of funds of all
participants. Meanwhile, regulatory authorities, as the
participants in P2P lendingmarket, have their own goals and
interests and influence the expectations and actions of other
participants. P2P lending platforms are the operational
entity for the P2P lending market and the medium of P2P
lending users. P2P lending platforms need to follow the
competition rules of the market, regulate their own be-
haviour according to the policies and regulations of the
Internet finance, and ensure the security of P2P lending
transactions. +e borrowers are companies or individuals
who apply for a loan to an idle fund investor through a P2P

lending platform. +ese aforementioned three participants
often have conflict of interest when pursuing their maxi-
mum interests respectively. +e conflict of interest among
the three participants will affect the order of the P2P lending
market.

In addition, with the existence of information asym-
metry [20], it is difficult for regulatory authorities to use
fragmented or even erroneous information to determine
whether a P2P lending platform is operating in compliance.
Furthermore, the platforms fail to know if the borrowers
adopt a “repayment” strategy due to the incomplete bor-
rowing information. Similarly, borrowers also do not know
any information about other participants. +us, a dynamic
game exists in the interaction among regulatory authorities,
platforms, and borrowers. In other words, since the three
participants are bounded rationality, the behavioural deci-
sion is closely related to their previous behaviours. +ere-
fore, developing an EGM on how to balance the interests
among the three participants with incomplete information is
the main focus of the work described as follows.

3.2. Assumptions and Parameter Setting

Assumption 1. +e EGM has only three participants, where
the regulatory authorities conduct supervision and inspec-
tion of the operation of the P2P lending platforms and
formulate corresponding regulatory policies; P2P lending
platforms are responsible for the release of loan information
and reviewing borrowers’ information and the borrowers’
loan through the P2P lending platforms.

Assumption 2. +e three P2P lending participants aim to
achieve a self-benefit maximization. As the regulator in the
financial market, the regulatory authorities achieve the goal
of maximizing the benefits of regulation. P2P lending
platforms, as financial intermediaries, aim to pursue max-
imum profit. Borrowers pursue their own maximum
income.

Assumption 3. +e three participants of P2P lending are
bounded to rationality. We abandon the classical game
theory and choose the evolutionary game theory as the main
research method, because the bounded rationality of the P2P
lending participants is more aligned with the actual
situation.

Assumption 4. +e set of strategies of the regulatory au-
thorities is G � {strict supervision, general supervision}. +e
set of strategies of P2P lending platforms is P� {compliant
operation, noncompliant operation}. +e set of strategies of
P2P lending borrowers is B� {repayment, default}.+e game
among the three participants is based on incomplete in-
formation: x represents the possibility of regulatory au-
thorities choosing “strict supervision” strategy; then, 1 − x
represents the possibility of regulatory authorities choosing
“general supervision” strategy, and 0≤ x≤ 1. y represents the
possibility of P2P lending platforms choosing “compliant
operation” strategy; then, 1 − y represents the possibility of
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P2P lending platforms choosing “noncompliant operation”
strategy, and 0≤ y≤ 1. z represents the possibility of P2P
borrowers choosing “repayment” strategy; then, 1 − z rep-
resents the possibility of P2P borrowers choosing “default”
strategy, and 0≤ z≤ 1.

According to the aforementioned assumptions, the main
factors that are considered by the regulatory authorities, P2P
lending platforms, and borrowers in the behavioural strat-
egies, are clarified, and the parameters involved in the model
are defined, as shown in Table 1.

3.3. Return Matrix of a 4ree-Player Evolutionary Game
Model

Case 1 {strict supervision, compliant operation, repay-
ment}. +e regulatory cost of regulatory authorities is C1,
and the reward of regulatory authorities for compliant P2P
lending platforms iswR.+erefore, the revenue of regulatory
authorities of strict supervision is − C1 − wR. +e normal
revenue of the P2P lending platforms is R, and the reward
obtained by a compliant P2P lending platforms is wR, so the
revenue of platforms is (1 +w) R. +e incentive for repay-
ment of P2P borrowers is V, and the sum of principal and
interest required is H. +erefore, the revenue of the bor-
rowers who choose repayment is V − H.

Case 2 {strict supervision, noncompliant operation, re-
payment}. +e normal revenue of P2P lending platforms is
R, and the extra revenue gained by P2P lending platforms
through noncompliant operation is ΔR. +e punishment
coefficient of the regulatory authorities for noncompliant
P2P lending platforms is θ, so the return of platforms is
(1 − θ) (R+ΔR). Meanwhile, the regulatory cost of regulatory
authorities is C1. +erefore, the revenue of regulatory au-
thorities of strict supervision is − C1 + θ(R +ΔR). +e sum of

principal and interest required is H. +erefore, the revenue
of the borrowers who choose repayment is − H.

Case 3 {general supervision, compliant operation, repay-
ment}. +e regulatory cost of regulatory authorities is C2,
and the damage caused by general supervision of regulatory
authorities is E. +erefore, the revenue of regulatory au-
thorities of general supervision is − C1 − E. +e revenue of
P2P lending platforms is R. +e incentive for repayment of
P2P borrowers is V, and the sum of principal and interest
required is H. +erefore, the revenue of the borrowers who
choose repayment is V − H.

Case 4 {general supervision, noncompliant operation, re-
payment}. +e regulatory cost of regulatory authorities is C2,
and the damage caused by regulatory authorities general
supervision is E. +erefore, the revenue of regulatory au-
thorities of general supervision is − C1 − E. +e normal
revenue of P2P lending platforms is R, and the extra revenue
gained by P2P lending platforms through noncompliant
operation is ΔR, so the revenue of P2P lending platforms is
R+ΔR. +e sum of principal and interest required is H.
+erefore, the revenue of the borrowers who choose re-
payment is − H.

Case 5 {strict supervision, compliant operation, default}.
+e regulatory cost of regulatory authorities is C1. +e re-
ward of regulatory authorities for compliant P2P lending
platforms is wR. +erefore, the revenue of regulatory au-
thorities of strict supervision is − C1 − wR. +e normal
revenue of P2P lending platforms is R, and the reward
obtained by compliant P2P lending platforms is wR.+e loss
coefficient of P2P lending platforms due to P2P borrowers
default is f, so the revenue of P2P lending platforms is (1 +w)
(1 − f ) R. +e sum of the principal and interest required isH,
and the defaulting opportunity cost of P2P borrowers is D.
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Figure 1: +e working mechanism of P2P lending.
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+erefore, the revenue of the borrowers who choose
default is H − D.

Case 6 {strict supervision, noncompliant operation, de-
fault}.+e normal revenue of P2P lending platforms is R, the
extra revenue gained by P2P lending platforms through
noncompliance operation is ΔR, the punishment coefficient
of regulatory authorities for noncompliant P2P lending
platforms is θ, and the loss coefficient of P2P lending
platforms due to P2P borrowers default is f, so the revenue of
platforms is (1 − θ) (1 − f ) (R+ΔR). At same time, the reg-
ulatory cost of regulatory authorities is C1. +erefore, the
revenue of regulatory authorities of strict supervision is
− C1 + θ (R+ΔR). +e sum of principal and interest required
isH, and the defaulting opportunity cost of P2P borrowers is
D. +erefore, the revenue of the borrowers who choose
default is H − D.

Case 7 {general supervision, compliant operation, default}.
+e regulatory cost of regulatory authorities is C2, and the
damage caused by regulatory authorities general supervision
is E. +erefore, the benefit of regulatory authorities’ strict
supervision is − C1 − E. +e normal revenue of P2P lending
platforms is R, and the loss coefficient of P2P lending
platforms due to the default of P2P borrowers is f, so the
revenue of P2P lending platforms is (1 − f ) R. +e sum of
principal and interest required is H, and the defaulting
opportunity cost of P2P borrowers is D. +erefore, the
revenue of the borrowers who choose default is H − D.

Case 8 {general supervision, noncompliant operation, de-
fault}. +e regulatory cost of regulatory authorities is C2, and
the damage caused by regulatory authorities of general
supervision is E. +erefore, the revenue of regulatory au-
thorities of strict supervision is − C1 − E. +e normal revenue
of P2P lending platforms is R, the extra revenue gained by
P2P lending platforms through noncompliance operation is
ΔR, and the loss coefficient of P2P lending platforms due to
P2P borrowers’ default is f, so the revenue of platforms is
(1 − f ) (R+ΔR). +e sum of principal and interest required is
H, and the defaulting opportunity cost of P2P borrowers is
D. +erefore, the revenue of the borrowers who choose
default is H − D.

As shown in Figure 2, the return matrix of the EGM
among regulatory authorities, P2P lending platforms, and
borrowers can be obtained according to the aforementioned
statements. It is shown in Table 2.

4. Model Analysis

4.1. Regulatory Authorities

4.1.1. Replicator Dynamic Equation and Evolutionary Sta-
bility Analysis. Assume that the expected returns of regu-
latory authorities adopting “strict supervision” strategy are
πG1, the expected returns of regulatory authorities adopting
“general supervision” strategy are πG2, and the average
expected returns of regulatory authorities under the mixed
strategies are πG. +en,

πG1 � yzA1 +(1 − y)zA2 + y(1 − z)A5 +(1 − y)(1 − z)A6 � − wyR − C1 +(1 − y)θ(R + ΔR),

πG2 � yzA3 +(1 − y)zA4 + y(1 − z)A7 +(1 − y)(1 − z)A8 � − C2 + E( 􏼁,

πG � xπG1 +(1 − x)πG2 � − xywR − xC1 + x(1 − y)θ(R + ΔR) − (1 − x) C2 + E( 􏼁.

(1)

Table 1: Symbols and descriptions of the parameters.

Items Parameter Description

Regulatory
authorities

x +e possibility of regulatory authorities choosing “strict supervision” strategy, and 0≤ x≤ 1
C1 +e costs incurred by regulatory authorities for strict supervision of P2P lending platforms
C2 +e costs incurred by regulatory authorities for general supervision of P2P lending platforms, and C2<C1
E +e damage caused by regulatory authorities general supervision of P2P lending platforms

P2P platforms

y +e possibility of P2P lending platforms choosing “compliant operation” strategy, and 0≤ y≤ 1
R Normal returns obtained from operation of P2P lending platform
ΔR +e extra revenue gained by P2P lending platforms through noncompliant operation

w
+e reward coefficient of regulatory authorities for the compliant P2P lending platforms in the case of

strict supervision, and 0<w< 1

θ +e punishment coefficient of regulatory authorities for the noncompliant P2P lending platforms in the
case of strict supervision, and 0< θ< 1

f +e loss coefficient of operational income of P2P lending platforms due to P2P borrowers default, and
0< f< 1

Borrowers

z +e possibility of P2P borrowers choosing “repayment” strategy, and 0≤ z≤ 1
H +e sum of principal and interest that P2P borrowers need to repay in the case of the loan

V
+e positive incentives of P2P lending platforms for P2P borrowers’ repayment in case P2P lending

platforms operate in compliance
D +e defaulting opportunity cost of P2P borrowers
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According to EGM, the replicator dynamics system
emphasizes the adjustment of the respective probabilities of
choosing two strategies based on the previous results of
games. It is denoted by the differential equation and can be
used to describe the frequency or the frequency of such
strategies in a population [44].

F(x) �
dx

dt
� x πG1 − πG( 􏼁 � x(1 − x) − ywR − C1􏼂

+(1 − y)θ(R + ΔR) + C2 + E( 􏼁􏼃.

(2)

For convenience of calculation, make y0 � ((θ(R + ΔR)

+ C2 + E − C1)/(wR + θ(R + ΔR))).

① When y� y0, then F(x) ≡ 0; this shows that all levels
are stable

② When y≠ y0, make F (x)� 0; then, x� 0, x� 1 are two
stable points

Let F′ (x) be the derivative of x and derived from F (x):

F′(x) �
dF(x)

dx
� (1 − 2x) − ywR − C1 +(1 − y)θ(R + ΔR)􏼂

+ C2 + E( 􏼁􏼃.

(3)

According to the requirements of the evolutionary
stability strategy (ESS), F′ (x)< 0. +erefore, θ
(R+ΔR) +C2 +E − C1 are analysed, because 0< x< 1,
0< y< 1, and 0< z< 1, and ESSs are obtained considering the
following two scenarios.

Scenario 1. When θ (R+ΔR) +C2 + E − C1< 0, − ywR −

C1 + (1 − y) θ (R+ΔR) + (C2 + E)< 0. +erefore, when
x� 0, F′ (x)< 0; when x� 1, F′ (x)> 0; therefore, x� 0 is an
ESS.

Scenario 2. When θ (R+ΔR) +C2 +E − C1> 0, scilicet, θ
(R+ΔR) +C2 +E>C1. If y> y0, then, when x� 0, F′ (x)< 0;
when x� 1, F′ (x)> 0. So, x� 0 is an ESS. If y< y0, then, when
x� 0, F′ (x)> 0; when x� 1, F′ (x)< 0. +erefore, x� 1 is an
ESS.

According to the analysis, the dynamic evolutionary
trend of regulatory authorities is shown in Figure 3, and
thereby, Propositions 1 and 2 are obtained.

Proposition 1. When the initial state of the behavioural
strategy of the regulatory authorities is in space V1, that is, θ
(R +ΔR) +C2+E − C1< 0, x� 0 is the equilibrium point, and
the regulatory authorities will adopt the strategy of “general
supervision.” 4erefore, when the cost of strict supervision by

Strict supervision

Compliant operation

Repayment

Case 1

General supervision
Non-compliant operation

Default Case 5

Case 6

Case 2

Case 3

Case 4

Case 7

Case 8

Figure 2: +e EGM among regulatory authorities, P2P lending platforms, and borrowers.

Table 2: Return matrix of the three players: regulatory authorities, P2P lending platforms, and borrowers.

Regulatory authorities Strict supervision (x) General supervision (1 − x)
P2P lending
platforms

Compliant
operation (y)

Noncompliant
operation (1 − y)

Compliant
operation (y)

Noncompliant operation
(1 − y)

Borrowers

Repayment (z)
− C1 − wR

(1 + w)R

V − H

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

− C1 + θ(R + ΔR)

(1 − θ)(R + ΔR)

− H

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

− C2 − E

R

V − H

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

− C2 − E

R + ΔR
− H

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

Default (1 − z)
− C1 − wR

(1 + w)(1 − f)R

H − D

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

− C1 + θ(R + ΔR)

(1 − θ)(1 − f)(R + ΔR)

H − D

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

− C2 − E

(1 − f)R

H − D

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦

− C2 − E

(1 − f)(R + ΔR)

H − D

⎡⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎦
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the regulatory authorities exceeds the benefits obtained, the
regulatory authorities will adopt the strategy of “general
supervision.”

Proposition 2. When the initial state of the behavioural
strategy of regulatory authorities is in space V2, that is, θ
(R +ΔR) +C2+E − C1> 0, x� 1 is the equilibrium point, and
the regulatory authorities will adopt the strategy of “strict
supervision.” 4erefore, when the cost of strict supervision by
the regulatory authorities is less than the benefits obtained, the
regulatory authorities will adopt the strategy of “strict
supervision.”

4.1.2. Parameter Analysis. As shown in Figure 3, when other
parameters are fixed, w is increased, and y0 becomes smaller.
When y0 becomes smaller, space of V1 becomes larger. +at
is to say, when the incentive of the regulatory authorities for
the compliant P2P lending platforms increases, the regu-
latory authorities tend to select the strategy of “general
regulation.” Additionally, this shows that when the rewards
of regulatory authorities for the compliant P2P lending
platforms increase, P2P lending platforms will select the
strategy of “compliant operation,” so the regulatory

authorities adopt the strategy of “general supervision” at this
point. Similarly, when C1 increases, space of V1 becomes
larger; in other words, when the cost of strict supervision by
regulatory authorities increase, the pressure of high regu-
latory costs will be imposed on the regulatory authorities,
which would prompt them to adopt the strategy of “general
supervision.”

4.1.3. Evolutionary Analysis of Regulatory Authorities.
+e two aforementioned scenarios are aligned with the
current regulatory situation of P2P lending industry in
China. Due to the high cost of strict supervision, the reg-
ulatory authorities adopted the “general supervision”
strategy in the early stage of the P2P lending industry, which
directly prompted chaos therein. When the P2P lending
industry is in trouble, the regulatory authorities raises the
threshold to the entry of the P2P lending industry, which
damages the openness and sustainability of the P2P lending
industry. In addition, this explains the reasons why the P2P
lending industry is in trouble from the perspective of reg-
ulation in China. In order to overcome this dilemma, the
following measures can be taken. On the one hand, the
central regulatory authority should formulate development
policies and regulatory system to provide guidance for the
local regulatory authorities. On the other hand, local reg-
ulatory authorities should be responsible for the standard
guidance, filing management, risk prevention, and disposal
concerning the P2P lending platforms, by adopting modern
financial technology to optimize the regulatory approach of
the P2P lending platforms, improve regulatory efficiency,
reduce regulatory costs, and achieve a balance between ef-
ficiency and economy in regulation of the P2P lending
industry.

4.2. P2P Lending Platforms

4.2.1. Replicator Dynamic Equation and Evolutionary Sta-
bility Analysis. Assume that the expected returns of the P2P
lending platforms adopting “compliant operation” strategy
are πP1, the expected returns of the P2P lending platforms
adopting “noncompliant operation” strategy will be πP2, and
the average expected returns of P2P lending platforms under
the mixed strategies will be πP. +en,

πP1 � xzB1 +(1 − x)zB3 + x(1 − z)B5 +(1 − x)(1 − z)B7 � (xw + 1)(1 − f + zf)R,

πP2 � xzB2 +(1 − x)zB4 + x(1 − z)B6 +(1 − x)(1 − z)B8 � (R + ΔR)(1 − xθ)(1 − f + zf),

πP � yπP1 +(1 − y)πP2 � (1 − f + zf)[yR(xw + 1) +(1 − y)(R + ΔR)(1 − xθ)].

(4)

+e replicator dynamics equation of P2P lending plat-
forms is shown in

x

y

z

1

1

1

y=y0

y>y0

y<y0

V1

V2

Figure 3: +e dynamic trend diagram of regulatory authorities.
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F(y) �
dy

dt
� y πP1 − πP( 􏼁 � y(1 − y)(1 − f + zf)

· [(xw + 1)R − (R + ΔR)(1 − xθ)].

(5)

For convenience of calculation, make x0 � (ΔR/(wR +

θR + θΔR)).

① When x� x0, then F(y) ≡ 0; this shows that all levels
are stable

② When x≠ x0, make F (y)� 0; then y� 0 and y� 1 are
two stable points

Let F′ (y) be F (y) the derivative of y and derived from
F (y):

F′(y) �
dF(y)

dy
� (1 − 2y)(1 − f + zf)[(xw + 1)R

− (R + ΔR)(1 − xθ)].

(6)

According to the requirements of the ESS, F′ (y)< 0, and
0< z< 1, 0< f< 1, so 1 − f+ zf> 0. +erefore, (xw+ 1)
R − (R+ΔR) (1 − xθ) are analysed, and ESSs are obtained
considering the following two scenarios.

Scenario 3. When x0> 1, scilicet, (1 − θ) ΔR> (w+ θ) R,
constant x< x0. +erefore, when y� 0, F′ (y)< 0; when y� 1,
F′ (y)> 0; therefore, y� 0 is an ESS.

Scenario 4. When x0< 1, scilicet, (1 − θ) ΔR< (w+ θ) R. If
x> x0, then, when y� 1, F′ (y)< 0; when y� 0, F′ (y)> 0. So
y� 1 is an ESS. If x< x0, then, when y� 1, F′ (y)> 0; when
x� 0, F′ (y)< 0; therefore, y� 0 is an ESS.

To clearly describe the results, the dynamic evolution
trend of P2P lending platforms is presented in Figure 4, from
which Propositions 3 and 4 are obtained.

Proposition 3. When the initial state of the behavioural
strategy of the P2P lending platforms is in space V3, that is,
(1 − θ) ΔR> (w+ θ) R, y� 0 is the equilibrium point, the P2P
lending platforms will adopt the strategy of “noncompliant
operation.” 4erefore, considering rewards and punishments
of the local regulatory authorities for P2P lending platforms,
when the revenue of the P2P lending platforms through
compliant operations is less than that obtained through
noncompliant operations, and P2P lending platforms will
eventually select the strategy of “noncompliant operation.”

Proposition 4. When the initial state of the behavioural
strategy of the P2P lending platforms is in space V4, that is
(1 − θ) ΔR< (w+ θ) R, y� 1 is the equilibrium point, the P2P
lending platforms will adopt the strategy of “compliant op-
eration.” 4erefore, considering rewards and punishments of
the local regulatory authorities for the P2P lending platforms,

when the revenue of P2P lending platforms through compliant
operations exceeds what was obtained through noncompliant
operations, P2P lending platforms will eventually choose the
strategy of “compliant operation.”

4.2.2. Parameter Analysis. As shown in Figure 4, the initial
state space V3, V4 of the operational strategy of the P2P
lending platform is related to the size of x0. When w is
increased, x0 turns smaller, and the space of V4 turns larger.
+is indicates that when regulatory authorities increase the
incentives of compliant P2P platforms, P2P lending plat-
forms will be more inclined to operate in noncompliance.
Similarly, when θ increases, x0 becomes smaller and the
space of V4 becomes larger. In other words, P2P lending
platforms are more inclined to operate in compliance when
regulatory authorities increase penalties for noncompliant
P2P lending platforms. When R is larger, x0 becomes
smaller, and the space of V4 becomes larger. +is shows that
when the revenue of compliant P2P lending platforms in-
creases, P2P lending platforms will be more inclined to
operate in compliance. In addition, When R increases, x0
becomes larger, and the space of V3 becomes larger, indi-
cating that P2P lending platforms tend to be noncompliant
when P2P lending platforms earn more benefits through
noncompliant operation.

4.2.3. Evolutionary Results Analysis of P2P Lending
Platforms. According to the previously mentioned analysis,
P2P lending platforms choose their own strategies for the
purpose of maximum profit. +erefore, to enable P2P
lending platforms to adopt the strategy of “compliant op-
eration” actively, their operational profit should be in-
creased. By adjusting relevant parameters to make (1 − θ)
ΔR< (w+ θ) R, the following measures can be taken. +e
reward coefficient for compliant P2P lending platforms
should increase.+e penalties for noncompliant P2P lending
platforms should also increase. +e regulatory authorities
should build a good business environment for compliant
P2P lending platforms, such as providing preferential pol-
icies, increasing publicity about compliant P2P lending
platforms, punishing noncompliant P2P lending platforms,
and guiding investors to invest in compliant P2P lending
platforms.

4.3. P2P Borrowers

4.3.1. Replicator Dynamic Equation and Evolutionary Sta-
bility Analysis. Assume that the expected returns of P2P
borrowers adopting “repayment” strategy are πB1, the ex-
pected returns of P2P borrowers adopting “default” strategy
are πB2, and the average expected returns of P2P borrowers
under mixed strategies are πB. +en,
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πB1 � xyC1 + x(1 − y)C2 + y(1 − x)C3 +(1 − x)(1 − y)C4 � yV − H,

πB2 � xyC5 + x(1 − y)C6 + y(1 − x)C7 +(1 − x)(1 − y)C8 � H − D,

πB � zπB1 +(1 − z)πB2 � z(yV − H) +(1 − z)(H − D).

(7)

+e replicator dynamics equation of P2P borrowers is
shown and presented by

F(z) �
dy

dt
� y πP1 − πP( 􏼁 � z(1 − z)(yV + D − 2H).

(8)

For ease of calculation, make y1 � ((2H − D)/V).

① When y� y1, then F(z) ≡ 0; this shows that all levels
are stable

② When y≠ y1, make F (z)� 0; then, z� 0 and z� 1 are
two stable points

Let F′ (z) be F (z) the derivative of z and derived from
F (z):

F′(z) �
dF(z)

dz
� (1 − 2z)(yV + D − 2H). (9)

According to the requirements of the ESS, F′ (z)< 0, and
0< y< 1. +erefore, yV+D − 2H are analysed, and ESSs are
obtained considering the following two scenarios.

Scenario 5. When y1> 1, scilicet,V+D< 2H, constant y< y1.
+erefore, when z� 0, F′ (z)< 0; when z� 1, F′ (z)> 0;
therefore, z� 0 is an ESS.

Scenario 6. When y1< 1, scilicet, V+D> 2H. If y> y1, then,
when z� 0, F′ (z)> 0; when z� 1, F′ (z)< 0. So, z� 1 is an ESS.
If y< y1, then, when z� 0, F′ (z)< 0; when z� 1, F′ (z)> 0.
+erefore, z� 0 is an ESS.

To explicitly analyse the results, the dynamic evolution
trend of the P2P borrowers is depicted in Figure 5. Besides,
from Figure 5, Propositions 5 and 6 are obtained.

Proposition 5. When the initial state of the behavioural
strategy of P2P borrowers is in space V5, that is V+D< 2H,
z� 0 is the equilibrium point, P2P borrowers will adopt the
strategy of “default.” 4erefore, considering the positive in-
centives of compliant P2P lending platforms for borrowers’
repayment and the defaulting opportunity cost of borrowers,
when the revenue of P2P borrowers through default exceeds
that obtained through repayment, P2P borrowers will even-
tually choose the strategy of “default.”

Proposition 6. When the initial state of the behavioural
strategy of P2P borrowers is in space V6, that is V+D> 2H,
z� 1 is the equilibrium point, the P2P borrowers will adopt the
strategy of “repayment.” 4erefore, considering the positive
incentives of compliant P2P lending platforms for P2P bor-
rowers’ repayment and the defaulting opportunity cost of
borrowers, when the revenue of P2P borrowers through re-
payment exceeds that obtained through default, P2P bor-
rowers will eventually choose the strategy of “repayment.”

4.3.2. Parameter Analysis. As shown in Figure 5, the initial
state space V5, V6 of repayment strategy of P2P borrowers is
related to the size of y1. When V increases, y1 becomes
smaller, and space V6 will become larger. +is indicates that
P2P borrowers are more inclined to repay when positive
incentive of compliant P2P lending platforms for P2P
borrowers’ repayment increases. Similarly, when D

x

y

z

1

1

1

x=x0

x<x0
x>x0

V3 V4

Figure 4: +e dynamic trend diagram of P2P lending platforms.
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increases, y1 becomes smaller, and space V6 becomes larger.
+at is, when the defaulting opportunity costs of borrowers
increases, P2P borrowers will be more willing to choose
repayment. In addition, when H increases, y1 becomes
larger, and space V5 becomes larger. +at is, the more the
principal and interest P2P borrowers need to repay, the more
the P2P borrowers tend to default.

4.3.3. Evolutionary Results Analysis of P2P Borrowers.
When P2P lending platforms lack the necessary repayment
incentive and the defaulting opportunity costs of borrowers are
low, the borrower is more willing to choose the “default”
strategy. +erefore, given the nature of the “economic man”
among P2P borrowers, for P2P borrowers to choose the “re-
payment” strategy, the benefits of their repayments and the
defaulting cost should increase. By adjusting the corresponding
parameters to make V+D> 2H, P2P lending platforms can
take relevant measures. First, the loan amount of the repaying
borrowers should be increased. +e credit rating and positive
incentive of repaying borrowers should also increase. Second,
the information disclosure system should be improved. Bor-
rowers who default by escaping debts should be announced to
the public in a timelymanner, and their names added to the list
of untrustworthy persons. +e defaulting opportunity cost of
borrowers should increase to restrain the behaviour of
borrowers.

4.4. Comprehensive Analysis of the 4ree P2P Lending
Participants. +e aforementioned three P2P lending partici-
pants should be regarded as a system for comprehensive
analysis, and the impact of P2P lending participants’ behav-
ioural strategies on the sustainability of P2P lending is also
explored. Figures 3–5 show that the dynamic evolutionary
trend of regulatory authorities, P2P lending platforms, and
borrowers are divided into two spatial sets, respectively. +e
initial state of each participant is arranged and combined to
obtain the equilibrium points of the three players in each space,
as shown in Table 3.

When the initial state of three P2P lending participants is
located in the intersection of space V2, V3, andV4, the
behavioural strategies of the participants will converge to
(1, 0, 0). +at is, in the early stage of P2P lending industry
development, since there are short-sightedness and self-
interest, most of P2P lending platforms engaged in non-
compliant operation to gain the extra revenue. Without the
necessary incentives and penalties, even if the regulatory
authorities adopt strict regulatory measures, P2P lending
platforms will eventually adopt the strategy of “non-
compliant operation.” +erefore, in this case, the regulatory
authorities should formulate corresponding punishment
and incentive policies for P2P lending platforms to achieve
sustainability of P2P lending. So, the proportion of P2P
lending platforms engaged in compliant operation will be
greatly increased. Meanwhile, P2P borrowers will also
choose the strategy of “default” due to the lack of necessary
incentives. P2P lending platforms should also give repay-
ment incentives to improve the rate of repayment.

When x� 1, y� 1, z� 1, that is, the regulatory authorities
choose strict supervision, P2P lending platforms choose
compliant operation, and borrowers choose repayment,
which is also the regulatory goal of P2P lending industry in
China. In the early stage of P2P lending industry develop-
ment, strict supervision by regulatory authorities is indis-
pensable. As can be seen from Figures 3 and 4, this evolution
equilibrium state occurs when y0 is large and x0 is small.+at
is, when P2P lending industry is in early stage, only regu-
latory authorities can ensure P2P lending platforms to
operate in compliance by carrying out strict supervision, and
P2P lending platforms can ensure borrowers to repayment
by adopting incentive measures. In this way, the sustain-
ability of P2P lending industry can be achieved.

When the initial state of P2P lending participants is in
the intersection of spaces V1, V4, andV6, the behavioural
strategies of the participants will converge to (0, 1, 1).+at is,
from a long-term perspective, when the initial group pro-
portion of P2P lending platforms engaged in compliant
operations and the borrowers adopting repayment strategy
is sufficiently high, P2P lending industry has already formed
a certain degree of self-discipline. Even without strict su-
pervision by regulatory authority, P2P lending platforms
and borrowers will also take the “compliant operation” and
“repayment” strategies, which is the goal of achieving sus-
tainable development of P2P lending industry.

5. Numerical Analysis

To further validate the proposed model, computational
studies are used to analyse the impact of changes in pa-
rameters on the evolutionary results. +is paper refers to the

x
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1
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y=y1

y>y1

y<y1

V6

V5

Figure 5: +e dynamic trend diagram of P2P lending borrowers.

Table 3: +e behavioural strategies of three P2P lending partici-
pants in each space.

Space
V1 V2

V3 V4 V3 V4

V5 (0, 0, 1) (0, 1, 0) (1, 0, 0) (0, 0, 1)
V6 (0, 0, 1) (0, 1, 1) (1, 0, 1) (0, 0, 1)
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transaction data of China’s P2P lending platform in 2019 to
set the interval range of each parameter. By the end of 2019,
there were 343 good-performance platforms and 6156
problem platforms in China (see https://m.wdzj.com). +e
total transaction value of Chinese P2P lending platform in
2019 was ¥ 96.49 billion. +e operating return of the general
platform approximately equals 0.5 to 1 percent of the
transaction value. +at is, the average unit revenue of the
normal operation of each platform is ¥ 742,345∼1,484,690.
In order to facilitate the calculation, the normal returns from
compliance operation of the P2P lending platform are scaled
down by 1/100,000 and are denoted by R ∈ [7.4, 14.8]. As-
sume that the extra revenue gained by the platform through
noncompliant operations accounts for 50 percent of normal
operating returns, and the extra revenue of P2P lending
platforms through noncompliant operation is set to ΔR ∈
[3.7, 7.4]. Besides, due to frequent “thunderstorm incidents”
of the P2P lending platforms in 2019, the unit loss of in-
vestors’ investment was ¥ 10,000∼50,000. We can regard
these losses as social damage caused by previous general
supervision. +e damage caused by the general supervision
of regulatory authorities is scaled down by 1/100,000 and is
located at interval [0.10, 0.50] (E ∈ [0.10, 0.50]). According to
Pang et al. [22], a medium-sized P2P lending platform pays
¥ 2 million for the normal operation costs (e.g., website
construction cost, operating cost, and customer acquisition
cost per year), assuming that the repayment incentives for
borrowers paid by platforms account for 5∼25 percent of the
normal cost, (e.g., ¥ 100,000∼500,000). +e positive incen-
tives for P2P borrowers’ repayment are scaled down by
1/100,000 and are denoted by V ∈ [1, 5]. +e defaulting
opportunity cost of P2P borrowers is set to D ∈ [0.5, 1.8].

According to the notice about penalties for the P2P-
related illegal platforms, most of the punishments located at
interval from 10,000 to 50,000 yuan. For instance, Shenzhen
Jinhai loan financial service company was fined ¥ 12,000.
China Anhui Juyun Technology Co., Ltd. was suspected of
violating the regulations and was imposed an administrative
penalty of ¥ 40,000. Based on the previously mentioned
information, it is assumed that the unit cost of general
supervision by the regulatory authorities is between 10,000
and 50,000 yuan. +e unit cost of strict supervision by the
regulatory authorities is 60,000 to 100,000 yuan. +ey are
scaled down by 1/100,000 and are bounded to C1 ∈ [0.60, 1],
C2 ∈ [0.10, 0.50]. Since the supervision of P2P lending
platforms is enhanced by the regulatory authorities after
2018, the reward coefficient and punishment coefficient of
the regulatory authorities for P2P lending platforms are at
interval [0.17, 0.61] (w ∈ [0.17, 0.61]) and [0.34, 0.91]
(θ ∈ [0.34, 0.91]). In Figures 6–10, x (0), y (0), and z (0)
indicate the initial proportion of strict supervision, com-
pliance operations, and repayment.

Figure 6 shows the numerical analysis, which concerns
the impact of the initial population ratio of the P2P lending
participants’ strategy selections on the evolutionary results.
In Figure 6, it is obvious that the evolutionary equilibrium
results of regulatory authorities, P2P lending platforms, and
borrowers are mutually influential. +e convergence results
of the three P2P lending participants are not only related to

the initial proportion of their groups choosing behavioural
strategies, but they are also affected by the behavioural
strategies made by other participants. +e probability of
behavioural strategies chosen by the participants exhibits
periodicity, either converging to 0 or tending to 1. At the
end, the three P2P lending participants do not reach a fixed
equilibrium state. +is shows that the strategic game among
the regulatory authorities, P2P lending platforms, and
borrowers has no evolutionary equilibrium strategy.

Figure 7 shows the three P2P lending participants choose
different strategies in different initial states. In Figure 7, the
evolutionary results of the three P2P lending participants
only consider the impact of the initial state of behavioural
strategy of each participant, whereas the mutual influence of
the three participants is not considered. In Figure 7(a),
x (0)� 0.2, y (0)� 0.7, and z (0)� 0.5, in Figure 7(b), x (0)� 0.1,
y (0)� 0.5, and z (0)� 0.3, in Figure 7(c), x (0)� 0.6, y (0)� 0.7,
and z (0)� 0.3, and in Figure 7(d), x (0)� 0.7, y (0)� 0.7, and
z (0)� 0.3. From Figures 7(a) and 7(b), we can conclude that
when the supervision is lacking or the initial proportion
of regulatory authorities adopting “strict supervision”
strategy is low in the early stage of P2P lending industry, the
behavioural strategies of P2P lending platforms and bor-
rowers will evolve towards “noncompliant operation” and
“default.” It increases the operational risk to the P2P lending
platforms [12]. In spite of the fact that the regulatory au-
thorities are pushing for regulatory pressures later, P2P
lending platforms and borrowers would not change the
initial behavioural strategy due to the less regulatory pres-
sure before. On the contrary, as shown in Figure 7(c), when
the initial proportion of regulatory authorities adopting
“strict supervision” strategy is high in the early stage of P2P
lending industry, P2P lending platforms and borrowers will
be subject to greater regulatory pressure, and the behavioural
strategies of P2P lending platforms and borrowers will
evolve towards “compliant operation” and “repayment.” In
Figure 7(d), it denotes that when regulatory pressure be-
comes a normal state, even after regulatory authorities adopt
deregulation, P2P lending platforms and borrowers will
follow the strategies of “compliant operation” and “repay-
ment.” +erefore, the strict supervision is necessary in the
early stage of the P2P lending industry. Such a viewpoint is
also supported by Shao and Bo [45] and Wang et al. [46].

Figure 8 shows the impact of changes in the costs of strict
supervision and the damage caused by general supervision
on the evolutionary result of regulatory authorities’ strategy
selection. In Figure 8, we changed the values of parameters
C1 and E. In Figure 8(a), C1 � 1, and E� 0.1, and in
Figure 8(b),C1 � 0.6, and E� 0.5. It can be seen from Figure 8
that when the initial proportion of behavioural strategies of
P2P lending participants is the same, the final evolutionary
result of regulatory authorities can be changed by changing
C1 and E. In detail, in Figure 8(a), regulatory authorities
choose the “general supervision” strategy, P2P lending
platforms and borrowers choose “noncompliant operation”
and “default” strategies, respectively. In Figure 8(b), the
initial proportion of the participants’ behavioural strategies
remains unchanged. When the costs of strict supervision
dropped from 1.0 to 0.6, and the damage caused by general
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Figure 6: Evolutionary equilibrium results under different initial states.
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Figure 7: Continued.
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supervision increases from 0.1 to 0.5, the behavioural
strategy of regulatory authorities change from “general
supervision” to “strict supervision” strategy, which is caused
by θ (R+ΔR) +C2 + E − C1> 0. +is result is in line with
Proposition 2 and is supported by Pang et al. [22]. It denotes
that through reducing the costs of strict supervision and
increasing the damage caused by general supervision, reg-
ulatory authorities will eventually tend to the strategy of
“strict supervision.”

Figure 9 shows the impact of changes in regulatory
authorities’ rewards and penalties for P2P platforms on the

evolutionary result of P2P lending platforms’ strategy se-
lection. In Figure 9, while other parameters remain un-
changed, we changed the values of parameters w and θ and
assessed the impact of changes of parameters w and θ on the
evolutionary results of the behavioural strategies of P2P
lending platforms. In Figure 9(a), w � 0.2, and θ� 0.4, and in
Figure 9(b), w � 0.4, and θ� 0.8. It can be seen from Figure 9
that when the initial proportion of behavioural strategies of
P2P lending participants is the same, by changing w and θ,
the final evolutionary result of P2P lending platforms can be
changed. More specifically, in Figure 9(a), regulatory
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Figure 8: +e impact of the costs of strict supervision and the damage caused by general supervision on evolutionary results. (a) C1 � 1, and
E� 0.1. (b) C1 � 0.6, and E� 0.5.
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authorities choose the “strict supervision” strategy, and P2P
lending platforms and borrowers choose “noncompliant
operation” and “default” strategies, respectively. In
Figure 9(b), the initial proportion of the participants’
behavioural strategies remains unchanged. When regulatory
authorities increase P2P lending platform rewards and
penalties coefficients by a factor of two, the evolutionary
results of regulatory authorities and borrowers remain
unchanged, which makes (1 − θ) ΔR< (w+ θ) R, and the
behavioural strategy of P2P lending platforms change from

“noncompliant operation” to “compliant operation” strat-
egy. +is result is in line with Proposition 4. It denotes that
through increasing rewards and penalties for P2P lending
platforms, the benefit of compliant P2P lending platforms
increases, the return of noncompliant P2P lending platforms
decrease, and P2P lending platforms will eventually tend to
the strategy of “compliant operation.” In other words, in-
creasing the rewards and penalties for the platform can
improve the self-discipline of platform operations. Zhang
and Wang show a better support for such a viewpoint [12].
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Figure 9: +e impact of regulatory authorities’ rewards and penalties for P2P lending platforms on the evolutionary result. (a) w � 0.2, and
θ� 0.4. (b) w � 0.4, and θ� 0.8.
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Figure 10: +e impact of repayment incentives and defaulting opportunity costs on evolutionary results. (a) V � 1, and D� 0.8. (b) V � 4,
and D� 1.6.
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Figure 10 shows the impact of changes in the repayment
incentive given by the compliant P2P lending platforms and
the opportunity costs of the borrowers’ default on the
evolutionary result of borrowers’ strategy selection. In
Figure 10, with other parameters being unchanged, we
change the values of parameters V and D. In Figure 10(a),
V � 1, and D� 0.8, and in Figure 10(b), and V � 4, D� 1.6.
+en, it can be seen from Figure 10 that when the initial
group proportion of behavioural strategies of the three
participants is the same, by changing V and D, the evolu-
tionary result of behavioural strategies of P2P borrowers can
be changed. In Figure 10(a), regulatory authorities, P2P
lending platforms, and borrowers choose “strict supervi-
sion,” “compliant operation,” and “default” strategies, re-
spectively. In Figure 10(b), the initial proportion of the
behavioural strategies of the three participants remains
unchanged. When the compliant P2P lending platforms
increase the repayment incentives of borrowers by a factor of
four, and the defaulting opportunity cost of borrowers in-
creases by two times, and the behavioural strategies of
borrowers would change from “default” to “repayment”
strategy, which is caused by V+D> 2H. +is result corre-
sponds to Proposition 6. It indicates that when the P2P
lending platforms increase the repayment incentives and
defaulting opportunity costs of borrowers, the cost of
borrowers choosing “default” strategy will increase. Because
the repayment incentives increase, the revenue of borrowers
choosing “repayment” strategy will also increase, so bor-
rowers will eventually choose the “repayment” strategy.
Brihaye et al. [23] and Pang et al. [47] showed a better
support for such results mentioned onwards.

6. Conclusions and Implications for
Future Research

We have discussed the interaction and cooperation among
P2P lending participants from the sustainable perspective.
Conflicts of interest among the regulatory authorities, P2P
lending platforms, and borrowers are analysed. Afterwards,
the evolutionary trends of the three participants’ behavioural
strategies are analysed using an evolutionary game model of
three players. Finally, the impacts of relevant factors on the
evolutionary result of behavioural strategies of participants
are investigated. +e conclusions are shown as follows.

(1) +e strict supervision of the P2P lending platform is
necessary for the sustainable operation of the plat-
form in the short term. According to the numerical
analysis, there are significant differences in the re-
sults of the game of three players with different initial
states. It is denoted that the P2P lending platforms
and borrowers will choose the “noncompliant op-
eration” and “default” strategies when the regulatory
system is insufficient in the early stage of the P2P
lending industry. Even after the regulatory author-
ities strengthen their regulatory intensity, the P2P
lending platforms and borrowers will also choose the
“noncompliant operation” and “default” strategies.
On the contrary, when intense supervision is

imposed in the early stage and regulatory pressure by
regulatory authorities becomes a normal state, even
if there is a lack of regulation in the future, the P2P
lending platforms and borrowers will still actively
choose the “compliant operation” and the “repay-
ment” strategies.

(2) Given the conflict of interest among regulatory
authorities, the P2P lending platforms and the
borrowers (e.g., the platform operating incompliance
for the extra income damages the interests of the
regulatory authorities [22]), the interests of the three
participants can be transformed into revenues and
costs to formulate an EGM. +e replicator dynamics
equation is used to solve the equilibrium solution of
the EGM. +e behavioural strategies of the three
participants can be changed into strict supervision,
compliant operation, and repayment to balance the
interests of the participants by adjusting the pa-
rameters (e.g., C1, E, w, θ, V, and D).

(3) +rough reducing the costs of strict supervision and
increasing the damage caused by general supervi-
sion, regulatory authorities will eventually choose the
“strict supervision” strategy. By increasing the in-
centives and penalties for the P2P lending platforms,
the P2P lending platforms will eventually choose the
“compliant operation” strategy. Meanwhile, when
the P2P lending platforms increase the repayment
incentives and the defaulting opportunity costs of
borrowing, then, borrowers will eventually choose
the “repayment” strategy.

+e conclusions of this study have an important practical
significance for the sustainable development of the P2P
lending industry in China. In detail, when P2P lending
emerged in China, the risks in the industry (e.g., absconding
with the money and fraudulent risks) soared due to the lack of
regulations of this industry [48]. As such, a series of policies
have begun to be issued to gradually stabilize the P2P lending
industry since 2016 [22]. +roughout the past three years,
Chinese regulatory authorities raised the threshold to the
entry of P2P lending platforms, the noncompliant platforms
were gradually eliminated, and the standardization of the P2P
lending industry has improved [12]. In fact, this confirms the
necessity of strict supervision by regulatory authorities in the
early stage of the P2P lending industry. In addition to the
regulatory measures, the support policies (e.g., financial
support and priority projects) should be adopted to encourage
the compliant P2P lending platforms to ensure the com-
petitive advantages. Meanwhile, penalties for illegal platforms
should be increased to further eliminate the noncompliant
P2P platforms. When most of platforms can operate in
compliance, the regulatory intensity can be appropriately
reduced. Moreover, it is necessary to improve the credit
system of the individuals and enterprises. A public credit
information service platform should be established and im-
proved, to provide centralized inquiry services for the whole
society. It plays the role of credit restraint to encourage the
P2P lending platforms and borrowers to keep trustworthy.
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+is study provides several insights on the behavioural
theory of the P2P lending participants regarding sustainable
operation. First, a theoretical link between sustainable
principle and behaviour of P2P lending participants is
proposed to balance the interests of the participants. Second,
this paper aims to design an interest-coordination mecha-
nism among P2P lending participants to guide each par-
ticipant to choose the behavioural strategy, which is
beneficial to the sustainability of P2P lending. +ird,
meaningful suggestions are provided for regulatory au-
thorities’ regulation of P2P lending industry, which not only
ensure the sustainable development of P2P lending industry
but also provide insights for the supervision of other
emerging industries (e.g., electronic currency).

+is study can be further extended. First, in order to
prevent P2P borrowers from defaulting, most of P2P lending
platforms began to establish an information disclosure
system of borrowers and use this system to construct the
defaulting punishment of borrowers. +us, the penalty of
default based on the information disclosure can be used as
an influencing factor to add to the three-player EGM. Be-
sides, the altruistic preference behaviour has an important
impact on the decision-making of multiparticipants system
and can be used as an adjustment tool to achieve system
coordination [49, 50]. +erefore, the altruistic preference
behaviour can be introduced into the interest-coordination
mechanism among P2P lending participants for the sus-
tainability of P2P lending. Finally, this paper, considers only
the three participants, including regulatory authorities, P2P
lending platforms, and borrowers, but the investors are
indispensable in the P2P lending process. Investors will be
unable to introduce and extend the three-player EGM to the
four-player EGM.
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