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Abstract

As distributing centres of trade and transportation network, ports play an important
role in the development of the national economy. With the changing of the global
business environment, the port enterprise operation environment is continuously
changing, and growing problems are becoming increasingly complex. Since
challenges, uncertainties, risks, and crisis exist side by side, it is indispensable and
beneficial to do a systematic analysis of the development of port enterprises from
the perspective of biological co-evolution. This paper uses the evolutionary game
model to discuss the dynamic change process and evolutionary stable strategy of
the collaborative development of the core enterprise and cooperative enterprise in
the port business ecosystem. Then, the influencing factors of enterprise decision-
making or action selection are analysed, and the numerical model verifies the
accuracy of the model. Finally, suggestions on the development of the port business
ecosystem are put forward.

Keywords: Port business ecosystem, Core enterprise, Cooperative enterprise,
Evolutionary game

Introduction
Ports are critical nodes of international trade. More than 90% of world trade is realised

through ports. However, with regional-economic integration and economic globalisa-

tion, many ports have common economic hinterlands, especially large and medium-

sized ports. They usually compete fiercely in order to fight for limited resources or

markets. As the global business environment changes, no company operates in isola-

tion. Each exists in ecosystems. With the changes of the times, and the increasing com-

plexity of the international environment, the traditional strategies and theory cannot

meet the requirements of sustainable port development any more. The competition

among the port enterprises is not only the competition of the core competence of the

port, the port industry chain or the port supply chain, but also the competition of the

port business ecosystem.

The collaboration of the port business ecosystem includes horizontal collaboration,

vertical collaboration, and collaboration between enterprises and the environment.

Horizontal collaboration in the port business ecosystem mainly refers to the cooper-

ation between the port enterprise, which is at the core of the ecosystem, and other port
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enterprises to achieve horizontal collaboration of interests by complementing resources

and preventing vicious competition. The vertical collaboration in the port business eco-

system mainly refers to the vertical benefit collaboration formed by the core enterprise

with upstream and downstream enterprises in intensive operation and risk-sharing.

In the port business ecosystem, there are mainly two types of enterprises, namely the

core enterprise and the associated cooperative enterprise. The core enterprise in the port

business ecosystem is the port enterprise. Port enterprises are market-oriented economic

organisations, engaged in port production and operation activities with profit as the pri-

mary purpose (Yang 2009). Port enterprises include state-owned port enterprises, joint

venture port enterprises and private port enterprises. The port enterprise is a terminal op-

erating company. It can be an individual port enterprise or a port enterprise group. Co-

operative enterprises include other port enterprises, shipping companies and other port

logistics service providers, including warehousing enterprises and logistics enterprises.

The core enterprise and the cooperative enterprises play games in the process of col-

laborative development, and the enterprises and government departments also play

games. This paper only discusses the games between the core enterprise and coopera-

tive enterprise. For the feasibility of the operation, this model analyses the problem ab-

stract as the game between the core enterprise and the individual cooperative

enterprise.

Section 2 assesses the literature concerning business ecosystems, port settings and

approaches to assess the evolution that the port business ecosystem has gone through.

That is the basis for the model that is set up in section 3. Section 4 shows the results of

applying the model. Section 5 derives recommendations for policy and practice. Section

5 finally gives the conclusions.

Literature review
In a complex and volatile business environment, it is blind to care only about the busi-

ness development of one’s own business. Therefore, the port enterprises need to pay

close attention to the changes occurring in other port enterprises, port service sup-

pliers, port service customers (shipping companies, land transport companies, shippers

and so on), port industry, political environment, macro-economic environment, social

environment, and natural environment of port business. Moreover, port enterprises

also need to make the appropriate adjustments according to these changes, to improve

the adaptability to external markets.

Moore (1993), a famous American strategic management scientist, puts forward the

concept of ‘business ecosystem’. He explains the new competition among enterprises,

the symbiosis and the way of sustainable development of enterprises and environment.

Moore (1996) points out that the business ecosystem was an economic community

based on the interaction between the organisation and the individual. He even sug-

gested that the term ‘business ecosystem’ should replace the term ‘industry’.

Iansiti and Levien (2004) employ the analogy of natural ecosystems to describe the

inner workings of the business ecosystem. They identify the four roles that firms play

within the business ecosystem, which were keystones, landlords, dominators and niche

players. They explain that the development of each enterprise in the business ecosys-

tem is closely related to the development of the whole business ecosystem. Peltoniemi

and Vuori (2004) present the focal complexity aspects appearing in business ecosystems
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which are self-organisation, emergence, co-evolution and adaptation. Ketchen et al.

(2014) imply that traditional supply chains appear to be giving way to supply ecosys-

tems. Supply ecosystems represent a set of interdependent and coordinated organisa-

tions that share common adaptive challenges and that collectively shape the creation

and nurturing of a sourcing base that contribute to competitive advantage and superior

performance.

The business ecosystem is an economic community which is supported by a founda-

tion of interacting organisations and individuals. The economic community produces

goods and services of value to customers, who are themselves members of the ecosys-

tem. The member organisms also include suppliers, lead producers, competitors, and

other stakeholders. Over time, they coevolve their capabilities and roles and tend to

align themselves with the directions set by one or more central companies (Moore

1996). It means that companies need to become proactive in developing mutually bene-

ficial relationships with customers, suppliers, and even competitors. Business ecosys-

tems are larger, more diverse, and more fluid than a traditional set of bilateral

partnerships or complementors. By leveraging ecosystems, companies can deliver so-

phisticated solutions while maintaining corporate focus (Williamson and de Meyer

2012). Moreover, the concept of the business ecosystem equips companies with a more

comprehensive view of cross-industry collaboration, rather than directly linking part-

ners in the supply chain, as viewed through a traditional lens, which is conducive to re-

ducing the risk of market demand uncertainty brought by the development of emerging

industries (Rong et al. 2013).

This strategic management concept is relevant for ports because ports can be consid-

ered business networks in an analogy with the business ecosystem (Pettit and Beresford

2017). Ports are confronted with a closer integration in the maritime and shipping in-

dustries. The cooperation agreements taking place in the maritime and shipping indus-

tries can take several forms, such as alliances and mergers among shipping lines,

conferences, the involvement of shipping companies in terminal management, and ex-

tending interests in inland transport of shipping companies (Van de Voorde and

Vanelslander 2014).

Port clusters vs. port business ecosystems

Ports are defined in different ways, quite often as clusters or networks of various inter-

related companies. A port cluster is the set of interdependent firms engaged in port-

related activities, located within the same port region and possibly with similar strat-

egies leading to competitive advantage and characterised by a joint competitive position

vis-á-vis the environment external to the cluster (Kocsis 2011). On the other hand, the

port business ecosystem (PBE hereafter) is a sort of economic association that is

formed by ports and related organisations. Members of the PBE include port enter-

prises, shipping companies, freight forwarding companies, shippers, market inter-

mediaries. Material, energy and information flows travel through the value network

among members of the PBE. The members of the PBE make rational use of re-

sources and improve the work efficiency and the ability to work together so that

the PBE is in a relatively stable dynamic equilibrium in a certain period and pro-

vides quality services to customers (Li et al. 2017).
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The port cluster has regional characteristics, which is to form scale effects and exter-

nal effects through the clustering of port industry regions, to improve the competitive-

ness of regional ports (de Langen and Haezendonck 2012). Unlike a port cluster, the

PBE is not limited by region, and its goal is the sustainable development of the ecosys-

tem. Moreover, in a port cluster, enterprises mainly play parallel roles horizontally,

while in a port business ecosystem, enterprises not only play a part in the system hori-

zontally with enterprises in similar industries but also play a link in the value chain

vertically.

However, both the PBE and port cluster are economic communities, and both induce

competition and cooperation (Kocsis 2011). The port cluster emphasises more compe-

tition than the PBE, while the PBE emphasises more cooperation and co-evolution than

the port cluster (Peltoniemi and Vuori 2004). Moreover, the relationship among enter-

prises in the PBE is more close and involved than in the port cluster. When a company

enters the PBE from the port cluster, it means that the company is shifting away from

focusing on its development to focusing on the combination of its development, and

the operation of the whole system. Research on ports from the perspective of the PBE

is more necessary for the development of modern port enterprises.

Most research based on the port industry focuses on the competitive strategies of

port enterprises, the establishment of port cooperation alliances or port clusters. How-

ever, there is little research on the PBE, let alone involving the dynamic evolution of

the PBE. In fact, in the process of collaborative development, enterprises in the PBE will

learn from each other and adjust their business strategies.

Review of the methodologies employed in port studies

Slack (1985) discusses that the shippers employ in the port selection process are influ-

enced more by price and service considerations of land and ocean carriers than by dif-

ferences in the port infrastructures. Wang and Meng (2004) establish the evolutionary

game model of supply chain partnership based on the view of evolutionary game theory

and analysed its dynamic evolutionary procedure. De Langen and Visser (2005) analyse

the competitiveness of the Lower Mississippi seaport from a cluster perspective, discuss

the importance of local governance and collective action regimes for the competitive-

ness of the cluster. Mangan et al. (2008) show that ports could play a variety of differ-

ent roles within supply chains, and they are not restricted to their traditional role of

simple transhipment point for freight. Zhou (2011) establishes the decision-making

model in which port enterprises deal with emergencies through ability cooperation.

Zhao (2012) summarises the concept of port strategic synergy, systematically study the

horizontal strategic coordination and vertical strategic coordination, and then put for-

ward the strategic integration of alliance of ports in Zhejiang province in China.

McLaughlin and Fearon (2013) consider strategic port cooperation through a new con-

ceptual cooperation/competition matrix, which can be used to evaluate the response

strategies of ports to inter-port rivalry and changing competitive maritime dynamics.

Shao (2013) employs theoretical methods and tools such as game theory, contract

theory, system modelling, simulation, and ANP to research coordination mechanism of

port service supply chain. Wang and Zhang (2013) put forward the meaning of ship-

ping cluster ecosystem, and analyse the endogenous mechanism of shipping cluster
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ecosystem from three aspects: the agglomeration and differentiation of individual enter-

prises, the competition and cooperation of industrial groups, and the co-evolution of

shipping cluster and external environment. Hidalgo-Gallego et al. (2017) provide a re-

view of recent research in the port industry, use strategic interaction approaches from

an industrial organisation, game theory and concentrate on five topics: ownership, the

relationship between ports and their hinterlands, port authorities and port operators’

relations, capacity investment decisions, and port specialisation. Kotowska (2017) ar-

gues that the competitiveness of seaports is a complex issue. It may be viewed from the

level of the whole region, the port itself as well as an individual port enterprise. Finally,

Zhang and Liu (2017) analyse the competitive advantages of port enterprise in China

and makes a corresponding discussion on the future strategic choices of port

enterprises.

The traditional theory of games imposes a very high rationality requirement upon

agents. Evolutionary game theory no longer models human beings as super-rational

players but thinks that human beings usually achieve game equilibrium by trial and

error, which is more realistic in theory. In the process of collaborative development, en-

terprises in the PBE will adjust their business strategies. The evolution of enterprises is

dynamic. The traditional theory of games lacks an explicit treatment of the dynamics of

rational deliberation.

This paper uses evolutionary game theory to analyse the co-evolution of the PBE.

The evolutionary game theory was first developed by Fisher (1930) in his attempt to ex-

plain the approximate equality of the sex ratio in mammals. At the heart of the evolu-

tionary game theory lie the concepts of evolutionary stability strategy and replicator

dynamics. Within the scope of the paper, the concept of evolutionary stable strategy is

presented as defined by Smith (1972). Evolutionary stable strategy (hereafter ESS) refers

to the strategy adopted by most members of a population, and the benefits of the ESS

are superior to those of other strategies.

On the other hand, replicator dynamics, offered by Taylor and Jonker (1978) provide

continuous dynamics for evolutionary game theory. Therefore, ESS represents the

stable state of evolutionary game, and the replicator dynamics represents the process of

dynamic convergence to the stable state. The replicator dynamic equations of core en-

terprises and cooperative enterprises in the PBE are constructed, and ESSs are analysed.

Then the factors affecting enterprises’ ESSs will be found out.

The literature has laid a foundation for the research in this paper. The model to as-

sess this is developed in the next section.

Construction of the evolutionary game model
This section consecutively addresses the assumptions made for the evolutionary game

model and its actual construction.

Assumptions and parameter setting of evolutionary game model

Based on evolutionary game theory and the previous analysis, the following assump-

tions are made: 1) the players in the game follow bounded rationality and need to play

multiple times; and 2) information asymmetry exists in the core enterprise and the co-

operative enterprise, and they aim to maximise their interests.
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Referring to the related literature (Wang and Meng 2004; Zhou and Ji 2008; Wang

and Zhang 2014; Li et al. 2015), the relevant parameters are set as presented in the next

paragraphs.

In the case of collaboration, the core enterprise and cooperative enterprise cooperate

according to the established contractual arrangements and need to input the cooper-

ation cost and carry out revenue distribution.

When they both adopt the strategy of collaboration, Δπ is the sum of the excess returns

each side gets from a collaboration strategy. For example, port enterprise A is the core en-

terprise, and port enterprise B is the cooperative enterprise. They cooperate per the con-

tract. If port enterprise A and port enterprise B cooperate, and they share information

about shippers, the ecosystem will get an excess return. α is the distribution coefficient be-

tween the core enterprise and the cooperative enterprise, and 0 ≤ α ≤ 1. When adopting a

collaboration strategy, the core enterprise and cooperative enterprise should pay informa-

tion cost, communication cost and other costs for collaboration. θ1 and θ2 represent the

increased cost of the core enterprise and cooperative enterprise, respectively, for collabor-

ation. π1 and π2 represent the revenue of the core enterprise and cooperative enterprise,

respectively, when they are in the case of non-collaboration.

ΔE1 and ΔE2 respectively represent the increase in the total revenue brought to the

system by the unilateral collaboration of the core enterprise and the cooperative enter-

prise. If one player cooperates and the other adopts opportunism and does not cooperate,

the non-coordinator will free ride, and get the extra benefit because of the cooperating

party. For example, if port enterprise A shares shippers’ information with enterprise B,

while enterprise B does not share shippers’ information with enterprise A, then enterprise

B will gain additional benefits from the information shared by enterprise A.

In order to ensure the effective promotion of future cooperation, the distribution co-

efficient between the core enterprise and the cooperative enterprise remains α.

When the core enterprise cooperates, and the cooperative enterprise does not, the in-

creased benefit of the core enterprise and the cooperative enterprise is αΔE1 and (1 − α)ΔE1
respectively . When the cooperative enterprise cooperates, and the core enterprise does not,

the increased benefit of the core enterprise and the cooperative enterprise is αΔE2 and (1

− α)ΔE2, respectively. Because the ecosystem has synergistic effects, then Δπ >ΔE1 +ΔE2.

At the same time, to reduce the possibility of either party adopting a non-cooperative

strategy, the non-collaboration side needs to pay the penalty to the other side as com-

pensation. The penalty is expressed in terms of P. So in the same case, if port enterprise

A shares shippers’ information with enterprise B, but enterprise B takes the strategy of

non-collaboration, and does not share shippers’ information with enterprise A, then en-

terprise B need to pay P to enterprise A.

In the PBE, when the port enterprise and the cooperative enterprise start to enter

into the state of cooperation, they can choose to continue to collaborate, or they can

choose not to collaborate, which means that their behaviour strategy set is {collabor-

ation, non-collaboration}. In the development process of the PBE, the probability that a

core enterprise chooses a ‘collaboration’ strategy is x, then the probability of ‘non-col-

laboration’ is (1- x), 0 ≤ x ≤ 1. If the probability of a cooperative enterprise choosing a

collaboration strategy is y, then the probability of ‘non-collaboration’ is (1- y), 0 ≤ y ≤ 1.

According to the above, the payoff matrix of the core enterprise and cooperative en-

terprise is built, as shown in Table 1.
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Construction of evolutionary game model

According to the game matrix of the port enterprise and cooperative enterprise,

when the core enterprise adopts the strategy of collaboration, its expected

revenue is:

ux ¼ y∙ π1 þ αΔπ − θ1ð Þ þ 1 − yð Þ∙ π1 þ αΔE1 − θ1 þ Pð Þ ð1Þ

When the core enterprise adopts the strategy of non-collaboration, its expected rev-

enue is:

u1 − x ¼ y∙ π1 þ αΔE2 − Pð Þ þ 1 − yð Þ∙π1 ð2Þ

The average expected revenue of the core enterprise is:

u1 ¼ x∙ux þ 1 − xð Þ∙u1 − x ð3Þ

Therefore, according to evolutionary game theory, the replicator dynamics equation

of the core enterprise in the PBE is:

dx
dt

¼ x ux − u1ð Þ ¼ x∙ 1 − xð Þ∙ αy Δπ − ΔE1 − ΔE2ð Þ − θ1 − P − αΔE1ð Þ½ � ð4Þ

When the cooperative enterprise adopts the strategy of collaboration, its expected

revenue is:

uy ¼ x π2 þ 1 − αð ÞΔπ − θ2½ � þ 1 − xð Þ∙ π2 þ 1 − αð ÞΔE2 þ P − θ2½ � ð5Þ

When the cooperative enterprise adopts the strategy of non-collaboration, its ex-

pected revenue is:

u1 − y ¼ x π2 þ 1 − αð ÞΔE1 − P½ � þ 1 − xð Þ∙π2 ð6Þ

The average expected revenue of the cooperative enterprise is:

u2 ¼ y∙uy þ 1 − yð Þ∙u1 − y

¼ y x π2 þ 1 − αð ÞΔπ − θ2½ � þ 1 − xð Þ∙ π2 þ 1 − αð ÞΔE2 þ P − θ2½ �f g þ 1 − yð Þ
� x π2 þ 1 − αð ÞΔE1 − P½ � þ 1 − xð Þ∙π2f g ð7Þ

Then, according to evolutionary game theory, the replicator dynamics equation of the

cooperative enterprise in the PBE is:

dy
dt

¼ y uy − u2
� � ¼ y 1 − yð Þ 1 − αð Þx Δπ − ΔE1 − ΔE2ð Þ − θ2 − P − 1 − αð ÞΔE2½ �f g ð8Þ

By setting dx
dt ¼ 0; dydt ¼ 0 ,it can be concluded that there are five equilibrium points of

the game between the core enterprise and cooperative enterprise in the PBE, which are

O ð0; 0Þ;Að1; 0Þ;Bð0; 1Þ;Cð1; 1Þ; and Dð θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ ;
θ1 − P − αΔE1

αðΔπ − ΔE1 − ΔE2ÞÞ.

Table 1 Payoff Matrix

The Core enterprise The cooperative enterprise

Collaboration y Non-collaboration(1 − y)

Collaboration x π1 + αΔπ − θ1
π2 + (1 − α)Δπ − θ2

π1 + αΔE1 − θ1 + P
π2 + (1 − α)ΔE1 − P

Non-collaboration(1 − x) π1 + αΔE2 − P
π2 + (1 − α)ΔE2 + P − θ2

π1
π2

Source: Authors’ computing
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Results from applying the evolutionary game model
This section first describes the results of applying the evolutionary game model,

and the optimal situations obtained. Next, it tests for the impacts of specific

parameters.

The analysis of the ESS in the PBE

This section consecutively addresses the ESS analysis from the point of the core enter-

prise, respectively, the cooperative enterprise.

The analysis of the ESS of the core Enterprise

The following situations are discussed:

(1) When 0 < θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ < 1; that is when 0 < θ1 − P − αΔE1 < α(Δπ − ΔE1 − ΔE2),

if y > θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ, then F′(0) > 0, F′(1) < 0 (Fig. 1a). Thus, the ESS of the core

enterprise is x∗= 1. If y ¼ y� ¼ θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ ;

dx
dt ≡ 0; the phase diagram of

replicator dynamics (Fig. 1b) shows that all x are in an evolutionary stable state. If

y < θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ, then F′(0) < 0, F′(1) > 0, (Fig. 1c). Therefore, the ESS is x∗=0.

(2) When θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ > 1, that is whenθ1 − P − αΔE1 > α(Δπ − ΔE1 − ΔE2) >

0,then F′(0) < 0, F′(1) > 0 (Fig. 2). The ESS is x∗=0.

(3) When θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ < 0 (Fig. 3), F' (0)>0, F' (1)<0, the ESS is x∗=1.

The analysis of the ESS of the cooperative Enterprise

The following situations are discussed:

(1) When0 < θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ < 1;if x > θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ ; then F
0 ð0Þ > 0; F

0 ð1Þ
< 0 (Fig. 4a). So the ESS is y∗ = 1. If x ¼ x� ¼ θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ ;
dy
dt ≡ 0 ðFig. 4b),

all y is in an evolutionary stable state. If x < θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ ; then F
0 ð0Þ < 0; F

0

ð1Þ > 0 (Fig. 4c). The ESS is y∗ = 0.

(2) When θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ >1, that is when θ2 − (1 − α)ΔE2 > (1 − α) ∙ (Δπ − ΔE1 −

ΔE2) (Fig. 5),then F' (0)<0, F' (1)>0. The ESS is y∗=0.

(3) When θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ < 0 (Fig. 6),then F' (0)> 0,F' (1)<0. The ESS is y∗=1.

If Figs. 1 and 4 are placed on a coordinate plane, Fig. 7 is obtained. Out of the

five local equilibrium points O, A, B, C and D, equilibrium points O (0, 0) and C

Fig. 1 Phase diagram when 0< θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ<1
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(1, 1) are stable. This means that when the system reaches stable equilibrium, both

core enterprise and cooperative enterprise will choose collaboration strategy or

non-collaboration strategy.

In summary, it can be seen that when the enterprises are with bounded rationality,

the ESS of the core enterprise and the cooperative enterprise in the PBE is related to

the initial strategy adopted by them, the benefit distribution coefficient, the cooperative

cost, and the penalty. The impact of these elements is further detailed in the next

section.

Influencing factors of co-evolution of the PBE

This section assesses the impact of the initial state, the benefit distribution, the co-

operative cost and the penalty.

Effect of initial state on the system evolution

In case of the particularity of the same data, θ1≠θ2;ΔE1≠ΔE2 is taken:Furthermore; θ1

¼ 8; θ2 ¼ 10; P ¼ 2;ΔE1 ¼ 11;ΔE2 ¼ 14;Δπ ¼ 29; α ¼ 0:5 is set:When 0 <

θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ < 1; also 0 < θ2 − P − ð1 − αÞΔE2

ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ < 1; if the initial state is as follows:

Fig. 2 Phase diagram when θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ>1;Source: Authors’ processing

Fig. 3 Phase diagram when θ1 − P − αΔE1
αðΔπ − ΔE1 − ΔE2Þ<0;Source: Authors’ processing
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(0.1,0.1),(0.2,0.2),(0.3, 0.3),(0.4, 0.4),(0.5, 0.5, 0.6, 0.6). Figure 8 is obtained by using

MATLAB 2016 to simulate the evolution game of the PBE. The horizontal axis (x) indi-

cates the probability that the core enterprise adopts a collaboration strategy, and the

vertical axis (y) indicates the probability that the cooperative enterprise adopts a co-

operative strategy.

As shown in Fig. 8, the larger the probability of the core enterprise choosing a

collaboration strategy, the more the cooperative enterprise tends to choose a col-

laboration strategy. The smaller the probability of the core enterprise choosing a

collaboration strategy, the more the cooperative enterprise tends to choose a non-

collaboration strategy. When the initial values are (0.1, 0.1), (0.2, 0.2), (0.3, 0.3),

the evolutionary stable equilibrium is (0, 0). When the initial states are (0.4, 0.4),

(0.5, 0.5), (0.6, 0.6), the evolutionary stable point is (1, 1). Even if other parameters

are the same, because of the different initial states, the stability points of dynamic

evolution will be different, which also verifies the contents of the ESS mentioned

above.

The influence of distribution coefficient on the system evolution

Similar to the above numerical simulation,θ1 = 8, θ2 = 10, P = 2, ΔE1 = 11, ΔE2 = 14,

Δπ = 29 is taken. If the distribution coefficient α equals to 0.3, 0.4, 0.5, 0.6, 0.7,

initial values x = 0.5 and y = 0.5, Fig. 9 is obtained by using MATLAB 2016 to nu-

merically simulate processes of the evolution game. The horizontal axis (x) indi-

cates the probability that the core enterprise adopts a collaboration strategy, and

Fig. 4 Phase diagram when 0< θ2 − P − ð1 − αÞΔE2
ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ<1:Source: Authors’ processing

Fig. 5 Phase diagram when θ2 − P − ð1 − αÞΔE2
ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ>1;Source: Authors’ processing
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the vertical axis (y) indicates the probability that the cooperative enterprise adopts

a collaboration strategy. When α=0.3, 0.4, the stable equilibrium point of system

evolution is (0, 1). When α=0.5, the stable equilibrium point of system evolution is

(1, 1). When α=0.6, 0.7, the stable equilibrium point of system evolution is (1, 0).

As seen from Fig. 9, with the change of distribution coefficient, the evolution-

ary stability point of system evolution changes. The probability of the core enter-

prise adopting a collaboration strategy increases with the increase of α, while the

probability of the cooperative enterprise adopting a cooperative strategy decreases

with the increase of α. When α=0.7, the cooperative enterprise has the lowest

probability to adopt a collaboration strategy in the above initial values, and even-

tually stabilises to non-collaboration. In the situation of α=0.7, the cooperative

enterprise and the core enterprise have realised value creation. However, the ideal

value sharing is not realised, so the cooperative enterprise adopts a non-

cooperative strategy.

Fig. 6 Phase diagram when θ2 − P − ð1 − αÞΔE2
ð1 − αÞ∙ðΔπ − ΔE1 − ΔE2Þ<0:Source: Authors’ processing

Fig. 7 The evolution phase diagram about core enterprises and cooperative enterprises. Source:
Authors’ processing
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The impact of the collaborative cost on the system evolution

If θ1 = 8, P = 2, ΔE1 = 11, ΔE2 = 14, Δπ = 29, α = 0.5 is set and the collaborative

costs θ2 equals to 8, 9, 10, 11, 12, Fig. 10 is obtained by using MATLAB 2016 to

simulate processes of the evolutionary game of PBE. With the increase of collab-

orative cost, the stable strategy of system evolution changes from (1, 1) to (0, 0). If

θ2 is kept unchanged and θ1 is changed for numerical simulation, a similar result

can be obtained. Whether it is a core enterprise or a cooperative enterprise, the

lower the cost of adopting a collaboration strategy, the more inclined it is to adopt

a collaboration strategy. In contrast, the higher the cost, the more inclined it is to

adopt the non-collaboration strategy.

Fig. 8 Evolutionary game of the system with different initial values. Source: Authors’ processing
using Matlab

Fig. 9 Evolutionary game of the system with different distribution coefficients. Source: Authors’ processing
using Matlab
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Impact of penalty on the system evolution

Similarly, if θ1 = 8, θ2 = 10, ΔE1 = 11, ΔE2 = 14, Δπ = 29, α = 0.5 is set and P =1, 1.5, 2,

2.5, 3 is taken, Fig. 11 is obtained by using MATLAB 2016 to simulate processes of the

evolutionary game of the PBE. With the increase of the penalty, the core enterprise and

the cooperative enterprise change from adopting a non-collaboration strategy to adopt-

ing a collaboration strategy, and the stable strategy of system evolution changes from

(0,0) to (1,1). As shown in Fig. 11, the increase of the penalty fee is beneficial for enter-

prises to choose a cooperative strategy.

Suggestions on the development of the PBE
This section translates the above theoretical findings into advice for the PBE building.

Fig. 10 Evolutionary game of the system with different costs. Source: Authors’ processing using Matlab

Fig. 11 Evolutionary game of the system with different penalties. Source: Authors’ processing using Matlab
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Construction of reasonable benefit-sharing mechanism

The numerical simulations in 4.2.2 show that the benefit distribution coefficient will

affect the result of the evolutionary game of the PBE. For the cooperative enterprises,

the larger its distribution coefficient, the more willing they are to cooperate with the

port enterprise, which is at the core of the ecosystem.

In the process of operation and management, port enterprises should not only ensure

their interests but also should consider the interests of their cooperative enterprises.

The members of the ecosystems pursue the maximisation of their interests, and the un-

fair distribution of interests will lead to the disorder and even disintegration of the

systems.

All enterprises create values for the PBE. Only by creating value, one can attract par-

ticipants to the ecosystem, and only these values can keep participants. In the process

of collaborative development, the PBE realises value sharing and needs to construct a

reasonable benefit-sharing mechanism to encourage enterprises to provide better and

faster port, shipping, and logistics services, which is the core of ensuring the healthy de-

velopment of the PBE.

Construction of a reasonable punishment mechanism and reward mechanism

The numerical simulations in 4.2.4 show that when other parameters are constant, the

probability of cooperative enterprises choosing collaboration strategy gradually in-

creases as the cost of implementing opportunism increases. By introducing a punish-

ment mechanism, it is possible to change the cooperative enterprise from the non-

collaboration to collaboration. Similarly, introducing a reward mechanism will be help-

ful for enterprises to choose the collaboration strategy instead of opportunism and im-

prove the stability of the PBE.

Construction of a trust mechanism

The numerical simulations in 4.2.1 show that the larger the probability of the core en-

terprise choosing a collaboration strategy, the more the cooperative enterprise tends to

choose a collaboration strategy. The initial strategy choice of either party will affect the

strategy choice of the other party in the PBE. Trust is a lubricant and binder for the

co-evolution of the PBE, and it is one of the several guarantee mechanisms for the

stable operation of PBE. Enterprises should consciously increase their trust in each

other, effectively reduce supervision costs and default risks, and promote the healthy

and long-term development of the PBE. The establishment of a trust mechanism can

be divided into pre-event, in-process and post-event.

The port enterprise must carefully select partners based on multiple criteria. Choos-

ing a trusted logistics enterprise to cooperate is a means to reduce the risk of cooper-

ation beforehand, which can also reduce the probability of opportunistic behaviour in

cooperation. In the process of cooperation, the port enterprise should strengthen the

supervision of the other logistics enterprises to ensure collaboration. If the cooperative

enterprise adopts opportunism, the port enterprise can use the PBE information plat-

form to inform other members of the opportunistic behaviour of the defaulting enter-

prise. All members can impose team sanctions on companies that engage in

opportunistic behaviour or even drive them out of the PBE.
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Attaching importance to the construction and improvement of platform of the PBE

The numerical simulations in 4.2.3 show that the less the cooperative cost, the more

the core and cooperative enterprise are inclined to adopt a collaborative strategy. The

asymmetry of information between the game subjects and the instability of the trust re-

lationship bring opportunities for the creation of speculative behaviour. Ports, as im-

portant nodes in the logistics and supply chain, naturally gather much information.

The platform of the PBE can combine ports, cargo owners, shipping companies, logis-

tics companies, service organisations and other members effectively to accelerate the

deep integration of logistics, information and trade, which is conducive to the more

convenient matching of logistics supply and demand and the PBE to provide more effi-

cient port logistics services.

The construction of the information platform also contributes to promoting the shar-

ing of information resources, prompting system members to form a good trust relation-

ship, improving the convenience of cooperation, and reducing the cost of collaboration.

The construction and improvement of the ecosystem information platform can circum-

vent the influence of the traditional system on system efficiency to a certain extent, and

improve the fluency of information flow, capital flow, material flow and energy flow in-

side and outside the PBE.

Conclusions
This paper studies the evolution process of the PBE by using evolutionary game theory.

The results show that the evolution results of the system are influenced by the initial

state of the system, the cooperative cost, the distribution coefficient, and the penalty. In

order to ensure the healthy development of the PBE, port enterprises, as the core of the

ecosystem, should play a leading role and establish a reasonable benefit distribution

mechanism, punishment mechanism and trust mechanism together with other mem-

bers of the ecosystem. Meanwhile, they should attach great importance to the construc-

tion and improvement of the PBE platform. Apart from that, the research model of this

paper is put forward based on some assumptions.

The actual cases have not been analysed in this paper, which need to be further stud-

ied in future research. Equally, incorporation of a port’s characteristics (i.e. infrastruc-

ture, port governance, geographic location etc.) can be considered. Finally, the political

environment, macro-economic environment, social environment and natural environ-

ment issues can be incorporated in an extension of the model for future research.
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