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Abstract: The rise of bicycle-sharing stimulated companies’ investment in a large number of bicycles
in the market. However, it is important to balance the massive placement of bicycles in the market
and the company’s sustainable development. This paper is motivated to identify a strategic balance
between market expansion and the sustainable development of the company. Based on the information
asymmetry and evolutionary game theory, a tripartite game model was established for the government,
enterprise, and consumer. This study identified five evolutionary stability strategies (ESSs) of these
three parties under specific conditions by analyzing their decision-making behavior. The results
indicated that the number of bicycles in the market placed by a bicycle-sharing enterprise was not
directly proportional to its profit. The quantity of bicycles needed on the market was influenced by
the government and consumers. It also found that government regulation plays a dominant role
in the development of the bicycle-sharing company regarding the number of bicycles needed in
the market.

Keywords: sharing economy; bicycle-sharing; information asymmetry; evolutionary game theory

1. Introduction

Since the first bicycle-sharing system launched in Amsterdam, The Netherlands, in 1965, the bicycle-
sharing system has shown several advantages, including flexible mobility, physical activity, reduced
congestion, emissions, and fuel use, popular all over the world [1]. There are four generations of
bicycle-sharing: free bike systems, coin-deposit systems, information technology-based systems [2],
and multimodal systems that are demand-responsive and adaptive to user needs [3,4]. With its green,
environment-friendly, and convenient travel mode, bicycle-sharing has won the favor of the society
and the support of the government [5].

Sinceits launch in 2014, bicycle-sharing has become popular among the population. Bicycle-sharing
does not require an upfront investment or maintenance costs and frees the consumers from the worries
of the bicycle being stolen. It only charges a small amount of rental fee and operating fee, making
it attractive to the consumers [6]. Price had an impact on residents’ travel patterns, with residents
showing an inclination toward the bicycle-sharing system when making short-distance trips if it was
quickly found, in [7]. Bicycle-sharing has reduced traffic flow, energy consumption, and harmful gas
emissions, improving public health and promoting economic growth [8]. These advantages bolster
the development of the bicycle-sharing company. Since the success of Ofo.com and Mobike.com,
a great number of bicycle-sharing enterprises has started to rise. During the boom of bicycle-sharing
development, companies usually adopt large-volume delivery strategies that have exposed problems
in company strategy. It is reported that more than 70 bicycle-sharing companies were founded in the
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market from 2016 to 2018 in China, many of which didn’t survive. This is related to parking problems
and maintenance and recycling problems caused by the large number of bicycle-sharing. Therefore,
the placement behavior and sustainable development of bicycle-sharing companies have come into
the spotlight.

Although there has been plenty of studies on the opinion model, most of them focus on the
demand of the bicycle-sharing system [2], inventory routing [9-11], bicycle-sharing stations [3,12,13],
bicycle-sharing usage, and rebalance [14-18]. What they ignore is the fact that while bicycle-sharing
can reduce traffic congestion and pollution problems in downtown areas [15], the development of
bicycle-sharing has also exposed several problems. Parking problems, company operation problems,
and urban policies are all factors that made it difficult for bicycle-sharing companies to sustain in
the market. One of the significant problems in the bicycle-sharing system design is the estimation
of the potential demand of the service, especially in countries where this type of system has not
yet been implemented [2]. There are about 1.03 million bicycles in Wuhan, which has exceeded the
urban non-motor vehicle space carrying capacity. In Shanghai, Beijing, and other metropolitan cities,
the number of bicycles in the city has exceeded the actual demand. Due to the large-scale placement of
bicycles, a large number of bicycles has been destroyed without repair, randomly parked and released,
crowding lanes, followed by other problems. This situation is named “bicycle siege,” or “bicycle
cemetery.” Users can pick up a bicycle from the station and use it for short-distance travel, then leave it
at another station, not necessarily the same place where the trip starts. Consequently, the placement of
the bicycles usually results in some docking stations being full and others being empty. An excessive
number of bicycle-sharing can occupy a significant amount of roadway surface and cause trouble
for pedestrians and auto-vehicle drivers [19,20]. The issue of the massive placement of bicycles is
particularly important in the company’s operating strategy. These issues have become a “bottleneck”
to the sustainable development of the bicycle-sharing enterprises: the fact that the convenient and
sustainable way of travel has gradually become inconvenient and unsustainable makes it difficult to
make profits. Thus, finding the balance between the optimal strategy of bicycle placement and the
sustainable development strategy for the company is needed.

Inspired by the biological evolutionary process, the evolutionary game theory combines game
theory with dynamic evolution process analysis and focuses more on the dynamics of strategy change
as influenced by the strategy frequency in the population [21]. The evolutionary game theory is widely
used in the study of bicycle-sharing regarding bicycle placement decisions. Previous studies have
shown that in the two-party game model between the consumers and the bicycle-sharing companies,
the enterprises can choose an appropriate reward and penalty system to solve the problem of bicycle
parking guiding the users to civilize parking [22]. The same conclusion was reached after introducing
the government into the construction of the evolutionary game model between the government
and the bicycle-sharing companies and the bicycle-sharing companies with the consumers [23-25].
It is believed that the government’s financial subsidy is conducive to improving the service level
and user satisfaction of public bicycle enterprises [26]. Bicycle-sharing, as a new economic model,
could still suffer from market-failure issues even after the introduction of government intervention.
Thus, the tripartite game relationship was constructed from three aspects: the government’s utility
maximization, corporate profit maximization, and user satisfaction maximization. Based on the model,
the strategies to sustain the organic growth of the company were identified.

The purpose of this study was to model the relationship between the large number of bicycles
placed by the bicycle-sharing company and its sustainable development. The paper has several
contributions. Firstly, aiming at the placement of the bicycles, an evolutionary game model for
the government, bicycle-sharing enterprise, and consumer is established, and the optimal strategy
selection of the three parties in the process of standardized development of bicycle-sharing is discussed.
Thus, the study enriches the understanding of balanced development of bicycle-sharing supported by
evidence for the sustainability of the sharing economy. Secondly, it can provide practical implications
for the government and enterprises regarding how they could coordinate and formulate the developing
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strategy of bicycle-sharing, sustain the balance of interests, and maintain the sustainable development
of the sharing economy. The significance of this study is to find the balance between the placement of
bicycles in the market and sustainable economic development. The study will then help the government
formulate a sustainable economic development strategy, promote the “positive external effects” of
bicycle-sharing companies, and facilitate consumers’ daily travel.

The remainder of this paper is organized as follows: analysis of the evolutionary game model in
Section 2, followed by discussions in Section 3. Section 4 is conclusions.

2. Materials and Methods

2.1. Model of the Evolutionary Game

The direct stakeholders of overspending in the bicycle-sharing market include the government,
bicycle-sharing enterprise, and consumer. From the perspective of the government, the government can
impose a penalty and monitor the number of bicycles invested (hereinafter referred to as “supervision”
Uy). It is also possible to choose not to monitor (hereinafter referred to as “no supervision” Uy)
the market taking into consideration the cost and difficulty of supervision. For the bicycle-sharing
enterprise, an enterprise is likely to invest in a large number of bikes (hereinafter referred to as “massive
placement” M;) to wantonly seize the consumers and obtain competitive advantages in the market.
It may also consider issues such as upfront costs, operation costs, and maintenance costs to deliver
on-demand (hereinafter referred to as “controlled placement” M,). As for the consumer, they may
ride the bicycle (hereinafter referred to as “consumption” E;) or they may not ride it (hereinafter
referred to as “no consumption” Ej). In this study, we propose the following prerequisites. All three
players are finite rational people, and due to the information asymmetry, their decisions are likely to
affect the decisions of other subjects. At the same time, these three parties will judge the strategies of
other players through trial and error and historical experience and then make their own decisions.
The product of unit price and quantity after massive bicycle placement is greater than the product of
unit price and quantity after controlled bicycle placement. We define market stability as an achievement
to either of the following situations: the government chooses a regulatory strategy or the company’s
orderly release of vehicles in government-unregulated conditions.

The following notation is used in the model:

C = the cost of the government to regulate the bicycle-sharing market;

F = the fines of the government for the enterprise’s massive delivery;

I; = the quantitative indicators of the beneficial effects on the government for the government’s
policies and regulations or the measures implemented to the society’s best stable state (as a constant,
can be given a large number);

I, = aquantitative indicator of the adverse effects of social unrest on the government (as a constant);

G1 = the gain of the bicycle-sharing enterprise for controlled delivered bicycle-sharing;

G, = the gain of the bicycle-sharing enterprise for massive delivered bicycle-sharing;

Q; = the used number of bicycle-sharing when the bicycle-sharing enterprise launched bicycles
in controlled;

Q> = the used number of bicycle-sharing when the bicycle-sharing enterprise launched
bicycles unorderly;

Py = the used price of bicycle-sharing when the bicycle-sharing enterprise put bicycle in order;

P, = the used price of bicycle-sharing when the bicycle-sharing enterprise put bicycle unorderly;

G3 = the consumer’s gain of used bicycles when the bicycle-sharing enterprise put a bicycle
in order;

G4 = the consumer’s gain of used bicycles when the bicycle-sharing enterprise put
bicycle unorderly;
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I3 = the quantitative indicators of the beneficial effects on the consumer for the government’s
policies and regulations or the measures implemented on the society’s best stable state (as a constant,
can be given a large number);

I = a quantitative indicator of the adverse effects of social unrest on the consumer (as a constant).

This paper investigates the evolutionary game between the government, the enterprise, and the
consumer under the asymmetric situation. Every player has two strategies that add up to eight sets
of policy combinations, and the extended type of the game between them is depicted in Figure 1.
Let x be the possibility of the government taking a strategy to monitor the bicycle-sharing market.
Then, 1 — x is the possibility of the government not taking any measures. x satisfies the condition of
0 < x < 1. Similarly, y represents the possibility of the enterprise unlimitedly placing the bicycles into
the market, and then 1 — y represents the possibility of the enterprise orderly putting the bicycles
into the market. y satisfies the condition of 0 <y < 1. z represents the possibility of the consumer
using bicycle-sharing, and 1 — z is defined as the possibility of the consumer not using bicycle-sharing.
z satisfies the condition of 0 <z < 1.

Government
Enterprise Enterprise
m m
1
Consumer Consumer Consumer Consumer

YT
© @ 6B ®O® ®

Figure 1. The extended type of the game between the government, enterprise, and consumer. U; and

U, mean “supervision” and “no supervision”, M; and M, mean “massive placement” and “controlled
2 1 2

placement”, Eq and E; mean “consumption” and “no consumption”.

In the eight sets of policy combinations, the profit functions of the three participants are different.
When the government chooses “supervision”, the enterprise chooses “massive placement”, and the
consumer chooses “consumption”, the decision choice of the three parties is (Uy, Mj, E1). When the
enterprise delivers the bicycles chaotically, and the consumer uses the bicycles, the government must
pay for regulatory actions. Thus, the government can obtain a good reputation by regulating the
market. Although the enterprise may make profits by disorderly placing the bicycles, it also needs to
face the possibility of a bad reputation and government penalty. On the one hand, though consumers
using bicycles need to pay the rental fees, they could benefit from the market stability brought by
government policy supervision. On the other hand, when the bicycle-sharing company places a
large number of bicycles around the city, the bicycles can be quickly found and the search cost of
the consumer is reduced. The profit of the government is F + I; — C, the profit of the enterprise is
P>Qs + Gy — F, and the consumer’s utility is G3 + I3 — P2Q». In this way, we get the profit of every
policy combinations in Table 1.
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Table 1. Benefit matrix.

Consumer
Ei(2) Ex(1-2)
F+L-C F+L-C
. M (y) PyQy 4+ Gy —F G, -F
Uq(x Enterprise
109 P Gs +13—-PQ I3
IL-C IL-C
Mr(1-y) P1Q1+ Gy Gy
Government G3 +13 - P1Qq I3
-I -I
. Mi(y) Py + G Gy
Ur(1-x Enterprise
2( ) P G3—PyQ— 14 Iy
I I
Mr(1-y) P1Q1 + Gy G1
G3—-P1Q1+13 I3

2.2. Equilibrium Analysis of the Evolutionary Game

The payoff matrix consisting of different strategy combinations of the government, the enterprise,
and the consumer is listed in Table 1. In this paper, Wiy, Wy, and W3y are used to denote the expected

profits of the government, enterprise, and consumer. Then, we define W1, W2, and W3 as the average
benefit of the government, enterprise, and consumer, respectively.

Wiy =yz(F+5L-C)+y(1-2)(F+h-C)+(1-yz(h-C)+ (1-y)(1-2)(h -C)

,
= y(F+1,-C) + (1-y)(1 ~C) @

Wi =x[y(F+L-C)+ (1-y)(h -O)) + (1 =x)[yz(-h) + y(1-2) (=) + (1 = y)zh + (1= y)(1 - 2)11] 2

=xy(F+h+DL)+ (1-y)h —xh —yh !
Way  =2xz(P2Q2+ G2 —F) +x(1-2)(G2 = F) + (1 - x)z(P2Q2 + G2) + (1 - x)(1 - 2)G2
== L2 +ZP2Q2 xF
W, = Y(Ga 4+ 2P2Qy —xF) + (1 —y)[x2(P1Q1 + G1) + x(1 —2)G1 + (1 = x)z(P1Q1 + G1) + (1 —x)(1 - 2)G, @)
=y(zPaQr + Gy —xF) + (1-y)G1 + (1 - y)zP1 Qs ’

Way  =xy(Ga+13—P2Q2) + x(1-y)(Gs + I3 = P1Q1) + (1 = x)y(Gs = P2Q2 — It) + (1 - x)(1 - y)(G3 - P1Q1 + I3) )

= Y(Ga=P2Q2) +xyls + (1-y)(G3 =P1Q1) + (1-y) + (1 - x)yly

Wi =z[y(Gy — P2Q2) +xyls + (1 -y)(G3 = P1Q1) + (1 —y)I3 + (1 - x)yl4]+
(1=2)[xyls +x(1=y)ls + (1 =x)y(~1a) + (1 = x)(1 = y)I5] / Q)
=2y(G4 = P2Q2) +z(1-y)(Gs = P1Q1) - (1 =x)yls + (1 +xy - y)I5
According to the Malthusian equation, the quantity’s growth rate of strategy selected by players

should equal its fitness minus its average fitness. Then the duplicated dynamic equations of Wiy,
selected by the government, are given by:

F(x) = % =x(Wiy -W1) =x(1-x)[y(F+ L+ L) -C], )
dl;ix) =(1-20)[y(F+L+1)-C], (8)

We can use the duplicated dynamic equation to calculate the evolution process of government

strategic choice. Then we can obtain the equilibrium point and evolutionary stability strategies (ESSs)
of the evolutionary game. If % < 0, we find the ESS.

(1) Wheny = C1/(F+ I, + 1), F(x) = 0. That means all the levels are stable, and there is no ESS.



Sustainability 2020, 12, 5279 6 of 14

(QWheny > C/(F+L +1), dl;(:) ly—o > 0and dl;(xx) ly=1 < 0,x=11is the ESS of the government's

strategy selection.

(3)Wheny < C/(F+ L +1;), &
strategy selection.

The government’s duplicated dynamic trend is depicted in Figure 2.

xx) ly—o < 0and

dl;(x) lx=1 > 0, x = 01is the ESS of the government’s

X

Z Z 7
1 1
s, 5
1 st 1
X X

1 1 /
y | y=CI(F+L+1) y | y>CIFE+L+1) y Y<CI(F+1,+1)

(a) (b) (c)

Figure 2. The evolutionary graph of the government (Diagrams (a—c) response to Scenarios 1, 2 and 3,
respectively).

In the same way, we can get an equilibrium point and ESS of the evolutionary course of the
enterprise and the consumer.

d _
F(y) = d_]t/ = y(Way = Wa) = y(1 - y)[z(P2Q2 — P1Q1) + G2 = G1 — xF], )
dl;—(yy) = (1-2y)[z(P2Q2 = P1Q1) + G2 — Gy — xF], (10)

(1) When z = (Gy — G1 —xF)/(P2Q2 — P1Q1), F(y) = 0. That means all the levels are stable,
and there is no ESS.

(2) When z > (Gy = Gy = xF)/ (PQ2 = P1Q1), 5[~ > 0 and T, 1 < 0.y =1 is the ESS of
the enterprise’s strategy selection.

(3) When z < (Gy — G —xF) / (P,Q2 — P1Q1), and dl;—(yy)b:l > 0. y = 0 is the ESS of the enterprise’s
strategy selection.

The enterprise’s duplicated dynamic trend is depicted in Figure 3.

z 4 z
1 L !
S4
(\ >
S 1 1 S6 1
< % T %
S
1 1
M G- -
) 2G-Gorea-r) | /] 2<G-G-0ra-rQ) |
(a) (b) (c)

Figure 3. The evolutionary graph of the enterprise (Diagrams (a—c) response to Scenarios 1, 2 and 3,
respectively).
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Therefore, the replicator dynamics equation of the consumer:

F(z)

& = 2(Wy —W5) = 2(1-2)[y(Gs ~ P2Q2) + (1~ y)(Gs - P11 a

t
(1-2)[y(Gs = G3 = P2Qs + P1Q1) + G3 = P1Q1]

(1) Wheny = (P1Q1 - G3) (G4 — G5 —P2Q + P1Q1), F(z) = 0. That means all the levels are stable.

(2) When y # (P1Q1 —G3)/(Gs —G3 —P2Q2 + P1Q1), let F(z) = 0and z = 0, z = 1 is the ESS of the
consumer’s strategy selection.

The derivative of the replicator dynamics equation of z can be calculated as below:

dF
d(zZ) = (1-22)[y(Gs = G3 = P2Qz + P1Q1) + Gz — P1Q4], 12)

dF
(3) When y > (P1Q1 ~ G3)/(Gy - Gs — P2Q2 + P1Q1), 2
of the consumer’s strategy selection.
dF .
(4) When y < (P1Q1 — G3)/ (G4 — G3 = P2Q2 + P1Qs ), ? dz 2l <0, diz) lz=1 >0,z =0is the ESS
of the consumer’s strategy selection.
The consumer’s duplicated dynamic trend is depicted in Figure 4.

4

1/ 14 1/597

S7 =7 1

1 1 S,
X X X
1 1 S 1
/y y=(B0-G)/(G,-G-BEQ+RJ) v | y>(BQ-G)/(G-G—BQ+PQ) ‘ y<(BQ-G)/(G,-G~BO+EQ)
(a) (b) (a)
Figure 4. The evolutionary graph of the consumer (Diagrams (a—c) response to Scenarios 1, 3 and 4,

respectively).

Since the reflective, dynamic equation system in evolutionary games reflects the dynamics of the
population, the equilibrium point sought is not necessarily the ESS. The ESS must possess the ability to
resist the error or deviation caused by bounded rationality [27]. According to Esmaeili et al. (2016),
the ESS point of the evolutionary game is obtained by analyzing the local stability of the Jacobian
matrix of the dynamic system [28]. Taking the derivatives of x, y, and z with the replicator dynamic
equation in Equation (8), Equation (10), and Equation (12) to determine the final ESS in the game,
then the Jacobian (] (x,y,z)) matrix can be obtained as follows:

[ 9X 99X IX
dx Jdy oz
_| ¥ 9Y oY
Jowa) = o oy 2
| ox oy oz (13)
(1-2%)(yo1 - C) x(1-x)oy 0
= —yF(1-y) (1-2y)(z02 + v4 — xF) y(1-y)o
0 z(1-2)v3 (1-2z)(yv3 +ve)

where
=F+L+1>0, (14)
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vy = P2Q2—P1Q1 >0, (15)

03 = G4 —G3 —PoQ2 +P1Q1 >0, (16)
vy =Gy —Gy >0, (17)

vs = Gy — Gy —F, (18)

06 = G3 — P10y > 0. (19)

The calculated value of determinants (det]) and traces (tr]) of each equilibrium point of the
dynamic system in the Jacobian matrix is shown in Table 2. When both det] > 0 and tr] < 0 are satisfied,
the equilibrium point is ESS.

Table 2. Stability analysis between the government, enterprise, and consumer.

Equilibrium Point Determinant

(1,2) Symbol of ] ) Trace Symbol of | () Results Stability Condition
(0,0,0) - # Saddle Point
+ - ESS —CH+vp4+v4—v5 <0
001) B
+ + Instability —C+vy+v4—v6>0
(0,1,0) - # Saddle Point
. vs >0,
+ + Instabilit
(1,0,0) y C + U5 —+ Vg > 0
- Saddle Point v <0
+ - ESS V1 =207 —04 <0
0,1,) I
+ + Instability U1 =202 —04 >0
_ Uy + U5 < 0,
* ESS C+ovy+v5—-—1v5<0
(110/1) .1s vy +v5 <0,
+ + Instability Chvp+vs—0y>0
- Saddle Point vy +v5>0
~ vs >0,
+ ESS -1+ v —v5 <0
(111/0) a. U5 > 0,
+ + Instability —oy+ 0y 05> 0
- Saddle Point v5 <0
+ - ESS v2 5 <0,
-1 —20,—v5<0
1,1,1) . vy + 05 <0,
+ + Instability 0y~ 20y —05 > 0
- Saddle Point vy +v5>0
2.3. Results

Based on the stepwise analysis above, the evolutionary stability conditions can be deduced as that
the decision-making process of any players in the tripartite game is influenced by the decisions of the
rest of the parties.

According to the game analysis model above, it obtains the following results:

(1) (0,0,0), (0,1,0) are saddle points in any case. For (0,0,1), it is instability when —C + v 4+ v4 —vg > 0.
If v5 > 0 and C 4 v5 + v > 0, (1,0,0) is an instability point. Furthermore, it is the saddle point when
v5 < 0. Similarly, we can find other unstable points and saddle points under different conditions.

(2) With the help of dynamic evolutionary game theory, we can find the ESS after certain conditions
are satisfied.
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While —C + v; + v4 — v < 0, i.e., when G, — G; — C = (G3 — P2Q2) < 0, the point (0,0,1) is an ESS.
The three-party game decisions are, respectively, (no supervision, controlled placement, consumption).
The government does not interfere in the bicycle-sharing market. The enterprise rationally and
orderly launches the bicycle-sharing. Consumers choose to use it. There is no regulatory cost for
the government. The launch plan formulated by the bicycle-sharing companies can meet the needs
of consumers without being punished by the government. In this case, the controlled placement of
bicycles is in line with the company’s sustainable development. The consumer strategy can strengthen
the body and have a positive impact on the economic environment.

When vy —2v; —vy <0,i.e, when F+1; + I, —2(P2Q2 — P1Q;) — (G2 — G1)] < 0, the point (0,1,1)
is an ESS. The three-party game decisions are, respectively, (no supervision, massive placement,
consumption). The government does not regulate the bicycle-sharing market. The company launches
bicycle-sharing massively. Consumers choose to consume. The government’s non-regulatory strategy
keeps companies from being punished for large-scale placement. Demand in the market and
unregulated government make the bicycle-sharing market become a target that companies are aiming
to gain. The monetary benefits and reputation brought by the massive placement of the bicycle-sharing
companies are greater than that of controlled placement. At this point, the company’s investment in
a large number of bicycles has become its optimal choice. Currently, the enterprise implements the
strategy of “winning by quantity.” This gradually forms a “buyer’s market,” which is good for the
consumers. Therefore, consumers should choose to use bicycles.

When v +v5 < 0 and C+ vy +v5 —vg < 0, i.e.,, when P,Qy — P1Q1+ Gy — Gy —F < 0 and
C+ PyQy —P1Q1 + Gy — G —F— (G3 — P1Q1) < 0, the point (1,0,1) is an ESS. The three-party game
decisions are, respectively, (supervision, controlled placement, consumption). The government
implements policy supervision on the bicycle-sharing market. The enterprise places a reasonable
bicycle. Consumers choose to use bicycles. Because the government oversees the bicycle-sharing
market, they increase penalties for violations. If the company relies on a large number of bicycles
to compete for the market at this time, it will not only face huge operating and management costs
but also receive large fines. Orderly delivery of bicycles is more in line with the company’s strategic
requirements. As far as consumers are concerned, the orderly launch of the enterprise and the
government’s regulatory assistance make the consumption become the best decision.

When vs > 0and —v1 + v, —v5 < 0,i.e, when Gy — Gy —F > 0and —(F+ 11 + Io) + P2Q> — P1Qq —
(G2 — Gy —F) <0, the point (1,1,0) is an ESS. The three-party game decisions are (supervision, massive
placement, no consumption). The government regulates the bicycle-sharing market. The company
launches bike-sharing services massively. However, consumers do not use their services. Because
penalties for companies that place vehicles disorderly generate more benefits than regulatory costs,
the government chooses the regulatory strategy. Although companies will be punished, a large number
of bicycles will not only gain market share but also create a brand identity. The intangible benefits
generated by a large amount of investment could meet the company’s sustainable development
requirement. At this time, the sharing market is subject to government supervision, but corporate
decisions will increase the probability that consumers encounter damaged bicycles, and consumers’
riding experience will be deteriorated sharply.

When v, +v5 < 0 and —v; — 20y —v5 < 0, i.e., when P,Q» — P1Q1 + G, -Gy —F < 0 and
—(F+ L + 1) —2(P,Q2 — P1Q1) — (G2 — Gy — F) < 0, the point (1,1,1) is an ESS. The three-party
game decisions are (supervision, massive placement, consumption). The government regulates the
bicycle-sharing market. The enterprises launch bicycle-sharing irrationally. Consumers choose to use
bicycles. The benefits of penalizing companies that place vehicles disorderly are greater than the cost
of supervision making the government choose the supervision strategy. A large number of bicycles
placed enables the enterprise to gain market share and create a brand identity outweighing government
penalties. At this time, the revenue created is far greater than the cost of expenditure. A large amount
of investment in bicycle conforms to the company’s sustainable development. Although consumers
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may encounter broken bicycles, their search costs drop significantly. Reduction in search cost makes it
convenient for consumers to find a suitable bicycle in line with the focal concept of the sharing economy.

3. Discussions

Through the equilibrium analysis and replication dynamic analysis of the government, the
company, and the consumers, this paper considered these parties as an organic whole and identified
the strategic balance points among them. Table 3 presents the discussions between the three parties.

Table 3. Discussions between the government, enterprise, and consumer.

Government Customer Company Strategy

Without government regulation,
No supervision Consumption Controlled placement the company’s sustainable
strategy is to supply on demand.

The company should provide
consumers with quality

Supervision Consumption Controlled placement bicycle-sharing services following
government regulations.
In addition to placing a large
number of bicycles, the company
No supervision Consumption Massive placement also needs to pay attention to the

problems caused by the
massive placement.

When market demand is
insufficient, the company should
Supervision No consumption Massive placement pay attention to government
policies and adopt new
technologies to attract consumers.

The company should produce
bicycles that meet the needs of
consumers to enhance the
company’s competitiveness.

Supervision Consumption Massive placement

When the bicycle-sharing enterprise chooses to place the bike reasonably, self-regulation and strict
implementation by the enterprises can largely reduce problems of “bottom-line competition” among
the enterprises [29] and promote the healthy development of enterprises. In point (no supervision,
controlled placement, consumption), the government gives up supervision of the market. For the
consumers, the use of bicycle-sharing not only help them keep fit but also respond to the national call
of “green economy, green travel.”

Considering that arbitrary delivery will be subject to government supervision and penalty,
the bicycle-sharing enterprise will choose to use advanced information technology to optimize the
inventory and delivery of the bicycle-sharing in point (supervision, controlled placement, consumption).
It is used to ensure the normal operation of their business and build a positive brand identity [30-32].
As the leader and defender of national policy, the government should monitor and control the
bicycle-sharing market and enterprise timely, ensuring the effectiveness of government operation.
When the government supervision fails, it has to pay for the remedial measures. From the perspective
of risk conservative strategy, the government will choose to supervise the market. Considering that the
government has supervised the enterprise, and the deployment of the bicycle-sharing on the market is
reasonable, the consumer will be more inclined to use bicycle-sharing. These three parties will develop
a benign ecosystem based on their interests and social environment.

The government’s non-regulatory strategy has fostered bad corporate competition. The enterprises
are unsupervised and they place the bicycle wherever they wish to gain market share and make
higher profits. The bicycles spreading around the city not only mitigate the tension of public transport
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and roads but also reduce the search costs of consumers [29]. Form point (no supervision, massive
placement, consumption), a large number of bicycles on the market can generate visible benefits.
However, there are also inevitable problems requiring the enterprises’ attention: extensive placement
of bicycles disrupts market order, undermines social credibility, and causes a nonrefundable deposit,
leading to a chaotic market environment [33].

The government chooses the supervision strategy from the perspective of avoiding costs. However,
considering that the current bicycle-sharing market supervision policy is not mature enough in China,
the controlled placement of the bicycles may significantly reduce profit margins. Thus, the company
has the chance to choose a massive placement. The vicious competition between the bicycle-sharing
enterprises has encouraged consumers to use bicycle-sharing enormously. The disorderly parking,
lanes occupation, and private locks installation have disturbed the social order and inflicted damage on
the interests of the public [29]. Facing the disorders of the bicycles on the street, the consumers might
abandon this “green travel” approach. At this point (supervision, massive placement, no consumption),
although the company makes profits, it will gradually lose consumer trust.

Similarly, to avoid the negative effects of non-regulation, the government will strictly supervise
the bicycle-sharing enterprises and the market. However, the enterprises consider it profitable to
place large quantities of bicycles on the market, which generates more benefits than the penalty
by the government. The way the enterprise expands the market can reduce the search cost of the
bicycles for the consumer, while the government’s supervision can protect the rights of consumers.
The best strategy for the consumer is to use shared bicycles. There is no doubt that at this point
(supervision, massive placement, consumption), massive placement of bicycles can help the company
obtain competitive advantages in the market.

For the government, when the expected benefits of government supervision of the sharing market
and the market disturbance caused by the government’s monitoring of the market are greater than the
cost of supervision, i.e., when x — 1, the government shall supervise the market. Therefore, increasing
the fine F to the enterprise and lowering the government’s monitoring cost C will help promote the
government’s choice of “supervision”.

For the consumer, when consumer’s benefit from riding a bicycle (G3, G4) is greater than the cost
they pay (P1Q1, P2Q7), they might decide to use the bicycles, i.e., when z — 1. Because the consumer is
the direct user of the shared bicycles, their behavior affects the workload of the post-maintenance of
the bicycles. The consumer will pay more attention to the convenience of cycling and the impact of the
development of the bicycle-sharing market on their living environment.

For the company, when the ratio of the expected cost paid by a company to place massive bicycles
and the revenue obtained is smaller than the consumer’s consumption probability, i.e., y — 1, it might
choose to place the bicycles massively. Business launch decisions should fully consider consumers’
decision-making income Py(Q>-P1Q;. Therefore, in consideration of losses such as government
fines and negative images, the decision-making behavior of the enterprise needs to fully capture
consumer behavior.

From the results, it is inappropriate to consider that the massive bicycles will win the market for
the bicycle-sharing company in China without considering the choice of the government and consumer.
Firstly, due to the imperfect mechanism of the bicycle-sharing market and government supervision
as well as the “quasi-public goods” nature of the bicycle-sharing, it is easy to generate the “tragedy
of the commons [34].” The massive placement will provoke a “bottom-line competition” among the
companies, undermining the capacity structure of the sharing market and increasing the possibility of
being punished by the authorities. Secondly, blindly catering to consumer’s “preferences” will lead to
their destruction and private possession of the bicycles, resulting in a waste of enterprise resources
and difficulties in maintaining bicycle-sharing [23]. The damage to the bicycle is mixed with the
“broken window effect.” That is, if a bicycle has some minor problems and cannot be repaired in time,
other problems will appear fast until it is no longer able to serve the consumers [34]. The “broken
window effect” causes an unsatisfied travel experience, easily causing consumers to lose faith in the
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bicycle-sharing company. Both the utilization rate and maintenance rate of bicycles will become
obstacles to the company’s sustainable development strategy. Malfunctioning bicycles are an important
factor restricting bicycle-sharing development [7].

The enterprise should maintain the bicycle-sharing business in the context of sustainable
development. Expanding the scale of the system is unable to improve the performance of the
bicycle-sharing system [35]. Firstly, companies should pay attention to government policies in
advance when making investment decisions and understand the government’s attitude towards
market supervision. This can help companies avoid penalties for regulation violations. In addition,
the company should combine big data analysis to clarify market-consumer preferences and capacity in
various regions. “Demand determines supply.” This can help the company to flexibly and efficiently
put bicycles in line with its sustainable development. Secondly, as the policymaker, the government
should enact relevant policies to promote the healthy development of the sharing economy market.
In addition to formulating corresponding regulations and basic service standards, encouraging market
mechanisms to solve the risk problems in sharing, it is necessary to innovate the concept of supervision,
be patient with the development of the sharing economy, and create a supportive environment. Finally,
the consumers are the direct users of the shared bicycles, and their behavior affects the workload of
post-maintenance. From this perspective, the consumer should build their self-discipline, enhance
moral literacy, and use bicycles appropriately.

4. Conclusions

The study proposed a game-theoretic model featuring bicycle-sharing and the company’s
sustainable development to investigate the bicycle-placement strategy of the company. The study
analytically derived the optimal delivery strategy under these five conditions by showing the
equilibrium among the government, consumers, and the company. The above analysis showed
that the company’s sustainable development requires the number of bicycle-sharing to vary to the
market conditions. According to the strategic actions of the government and consumers, the company
should flexibly arrange the bicycle placement. The results also showed that government regulation
plays a dominant role in the development of the bicycle-sharing company determining the number of
bicycles needed in the market.

When analyzing the relationship between the placement of a bicycle-sharing company and the
company’s sustainable development, the study not only considered the fines generated by government
supervision [36] and consumer consumption income [37] but also the potential impact of the market
situation of bicycle-sharing on each subject. Both “tangible income” and “intangible income” were
included in this study. In this way, the study would be able to advance the understanding of the
company’s decision-making process and provide guidelines for the company’s sustainable operation.

There are several limitations to this study. Bicycle-sharing is a new phenomenon that meets
the requirements of “green environmental protection.” Standardizing the bicycle-sharing market can
reduce certain urban traffic problems. This paper focused on the issue of bicycle delivery in the
development of the bicycle-sharing market using the evolutionary game theory. However, the study
did not take into consideration other issues in evolutionary game analysis, such as path optimization,
price, and market competition. In addition, this paper only modeled the bicycle-sharing market
development strategies analytically while leaving the empirical examination of the results as a future
research direction.
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