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Abstract 

The changing investment environment has brought new challenges to the port of Public-
Private Partnership (PPP). The growing demand for navigation and limited port 
infrastructure have promoted port congestion and brought new opportunities to the 
public-private partnership of some ports. However, the anxiety of power distribution, 
the conflict of economic interests, the uncomfortable communication environment and 
the loss of intangible assets may restrict the realization of the goal of public-private 
partnership of ports. Therefore, this paper analyzes the essence and operation mode of 
PPP port based on Pareto efficiency and establishes a dynamic game model with the 
theme of public and private sectors. Finally, taking the port of Ningbo as an example, this 
paper discusses the possibility of realizing PARETO efficiency. It will be beneficial to the 
optimization of the public-private partnership project, provide theoretical support to 
the government and private enterprises for the project cooperation, strengthen the 
communication and communication among the project members, and improve the 
efficiency of the project construction and operation. 
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1. Introduction 

The regulation of the government should be a tool to coordinate the contradiction of the 
economic adjustment of modern society. When we use the “visible hand”, we need to make its 
behaviour not only meet the public demand for social public services but also not cause undue 
damage to private interests and market economic order. In the capital market, the government 
takes the principal, the social capital takes the trustee, the two pursue the common benefit 
maximization. The balance of interests between government, social capital and public can be 
achieved through the cooperation between public and private sectors. A concession agreement 
between the government’s public and private organizations for cooperation in the construction 
and operation of infrastructure projects or the provision of public goods or services, forming a 
“benefit-sharing, risk-sharing, all-round cooperation”; capital partnership. In such a 
partnership, the private sector (or consortium) agrees to participate in most of the financing, 
design, construction, maintenance or operation phases of a project, and the rights and 
obligations of both parties are clearly defined in the contract. Enabling both sides to achieve a 
more favourable outcome than acting alone. This is a project mode of operation in public 
infrastructure. Under this model, private enterprises and private capital are encouraged to 
cooperate with the government and participate in the construction and operation of public 
infrastructure. 

The advantages of public-private partnership (PPP) lie in the sharing of risks and the 
development of innovation, which enable the cooperative parties to achieve more favourable 
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results than would be expected if they acted alone. Governments spend less and firms are less 
risky to invest. Korayem [30] notes that private sector participation in global economic and 
infrastructure development has increased significantly over the past few decades. 
Governments in many mature and emerging economies have entered into partnerships with 
private sector entities as a prudent means of improving public infrastructure provision. 

Ningbo-Zhoushan port located in the middle of the Chinese mainland coastline and on the 
southern flank of the "Yangtze economic belt", china's major coastal ports and important hubs 
of China's Comprehensive National Transportation System, china's major domestic iron ore 
transit bases, crude oil transit bases, liquid chemical storage and transportation bases, and 
major coal and grain storage and transportation bases in eastern China; the port is an important 
part of Shanghai's international shipping centre, it is the core carrier of serving the Yangtze 
River Economic Belt and constructing the Zhoushan river-sea intermodal transportation 
service centre, and the important support of Zhejiang Marine economic development 
demonstration zone and Zhoushan Archipelago New Area construction. 

This paper analyzes the financing and operation modes of Port of Ningbo-Zhoushan, a multi-
investment and financing entity alliance, from the perspective of Pareto efficiency, and establish 
a dynamic game model with the theme of public sector and private sector, it is concluded that 
the benefits of PPP cooperation are greater than the sum of the benefits obtained by the 
independent actions of the main parties in the public-private joint operation of ports and that 
the benefits obtained by the cooperation of ports in the port group are greater than those 
obtained by the non-cooperation of ports in the Port of Ningbo-Zhoushan. Therefore, it is 
necessary to establish a public-private strategic alliance, which can increase the enthusiasm of 
all parties in the construction and operation of public-private partnerships in ports, and 
effectively stimulate cooperation among the main investors in the alliance, reducing the risk of 
the public-private joint venture in Port Construction and operation. 

The remainder of this paper is organized as follows: Section 2 gives a literature review, Section 
3 describes the method and the model. Section 4 discussed the operating model and the strategy 
of the Port of Ningbo-Zhoushan under the Public-Private Partnership Section 5 provides the 
conclusion and recommendations. 

2. Literature Review 

PPP refers to the "Public-Private-Partnership", also known as the public-private partnership 
model. The European Investment Bank (EIB) defines PPP as a generic term for the relationship 
between the private sector and public institutions, usually aimed at introducing private sector 
resources and/or expertise to provide and deliver public sector assets and services. Wang 
Tianyi [1] believes that in China, the "public sector" basically refers to the government, but in 
addition to private enterprises and foreign-funded enterprises, there are also central state-
owned enterprises and local state-owned enterprises that play an important role as the 
backbone of the project, these are collectively called "social capital". Guo Yanfen [2] concluded 
that China in the early 1990s actively began to explore and develop PPP model, although it is 
still in the initial stage of the model, but has begun to take shape.  

Coastal countries have made significant efforts to develop port infrastructure to meet growing 
trade demand. Port infrastructure is a huge challenge not only to developing countries but also 
to developed countries for economic strength [4]. Ports and related facilities involve some 
degree of direct or indirect government ownership or at least some degree of government 
financing responsibility. A successful PPP optimizes cooperation between the public and 
private sectors while overcoming conflicts of interest, cost-shifting, managing risks and other 
uncertainties [3]. 
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Many scholars have studied port capital, De [5] Studies Duopoly pricing in crowded ports, 
sharing the same overseas customers, each with a downstream, congested transport network 
to a common hinterland. Song, L.’s [6] research on the investment output of ports in China 
shows that there are differences among the four sub-regions, among which the Yangtze River 
and Bohai Sea have the highest investment output elasticity, the central region has only inland 
ports, and the port investment output is the lowest. Feng [7] takes Port of Dandong as an 
example to analyze the investment environment of Chinese ports and the operation of PPP 
projects in ports. 

3. Methodology 

3.1. Cooperative Model of the PPP Port 

Based on the connotation and characteristics of port public-private partnership, the strategic 
model of the public-private joint venture is constructed to analyze the operation process of port 
public-private partnership, see Figure 1. In order to realize the effective operation of the port 
public-private partnership strategy, it must be based on three mechanisms: resource sharing, 
information sharing and organization sharing. Through the interaction of the three mechanisms, 
the related technology, capital, information, personnel, equipment and other resources in the 
process of public-private joint operation of ports can be shared among the members of the 
alliance, to enhance the communication between members and improve the efficiency of 
construction and operation. Performance Review is an objective examination of the behaviour 
of each investment subject, as a basis for the distribution of benefits and costs [8]. 

 

 
Figure 1. Cooperative Model  of the PPP Port 

 

3.2. Cooperative game allocation model 

The formula produced was based on the assumption that the benefits of PPP port are greater 
than the sum of the benefits obtained by the separate actions of the parties involved in PPP port, 
and at the same time meeting the PARETO efficiency principle, that is to say, the benefits of 
cooperation among the subjects are greater than those of non-cooperation. 

The formula is given as [8]: 

𝑔 =
𝛽

𝑢𝛽−(𝑢+𝛽)
                                                                          (1) 
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𝑝 =
𝑢

𝑢𝛽−(𝑢+𝛽)
                                                                          (2) 

𝑔’ =
(1−𝑚)𝛽

𝑢𝛽−(1−𝑚)𝛽−𝑚𝑢
                                                                     (3) 

𝑝’ =
𝑚𝑢

𝑢𝛽−(1−𝑚)𝛽−𝑚𝜇
                                                                     (4) 

𝒎 =
𝟏

𝟐
−

(𝒖𝒈²−𝜷𝒑²)+𝟐(𝑪𝒈−𝑪𝒑)+𝟐(𝑨−𝑩)

𝟐[(𝒈+𝒑)²+𝟐(𝒈+𝒑)+𝟐𝒆]
                                                      (5) 

Where g and p are the effort coefficient of public and private sectors respectively when public-
private partnerships are established in the port; 

g' and p' are the effort coefficient of public and private sectors respectively when public-private 
partnerships are not established in the port; 

u and β represent the effort cost factor for public and private sectors respectively; 

Cp and Cg denote the cost of cooperation in the process of public-private partnerships between 
public and private sectors respectively; 

A and B refer to the gains of the public and private sector, respectively, when public-private 
partnerships are not established; 

1-m and m are the distribution coefficient of the revenue of public-private partnership between 
the public sector and private sector; 

e stands for the influence of external environmental factors on cooperation. 

4. Discussion 

4.1. Case Study 

According to the present situation of each port in the Port of Ningbo-Zhoushan, the risk of 
cooperation is assumed to be risk-neutral, making e=0, which means that the cooperation is 
hardly affected by the external environment.  And Cg is 0.19, u is 3.8, Cp is 0.095, β is 1.9, then 
the equilibrium solution of the dynamic cooperative game of public-private partnership is (1.25, 
2.5, 0.611), while the equilibrium solution of the non-cooperative partnership is (0.105, 0.634, 
0.713). The benefits of cooperation and non-cooperation are 6.3845 and 0.2955, respectively; 
the benefits of public and private sectors are 2.3424 and 4.0517 under the cooperation strategy, 
while the benefits of non-cooperation are 0.0432 and 0.2523 respectively. 

4.2. Discussion 

According to the result, a comparison of modes of Public-Private Partnership and Non-
Partnership is given in the Ningbo-Zhoushan Port. The benefits of cooperation are higher than 
that of non-cooperation. It is suggested that the Port of Ningbo-Zhoushan should establish the 
public-private partnership on the following four bases: 

4.2.1. Adjust cooperative model and improve organizational performance 

The public-private partnership should be a process of continuous improvement [9], where the 
effectiveness of reform must be evaluated, problems identified and programmes adjusted. The 
ideal goal for the public-private partnership is to achieve an overall benefit greater than the 
original level. The evaluation of public-private partnerships should therefore focus on overall 
benefits rather than individual benefits, that is, on the sum of economic and social benefits, 
internal benefits and external benefits. And this can be a comprehensive evaluation from the 
cost-effectiveness, job satisfaction, teacher and student satisfaction, social impact and other 
aspects. After this, corresponding improvement measures should be taken. 

4.2.2. Establish a sound incentive mechanism  

The cooperation process not only needs to pursue the standard and the efficiency but also needs 
human nature to be harmonious. If the port manager respects the human, it may arouse the 
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human's enthusiasm and the vigour better. Therefore, in the pursuit of PARETO efficiency, the 
port administrator could not treat and dispose of human resources at will based solely on the 
needs and expectations of the organization. And he could not focus solely on the functions and 
performance of the organization and ignore people's feelings and needs. Valuing people is also 
a prerequisite for public-private partnerships. 

In the above analysis, we can find that the incentive and supervision mechanism is also the key 
to the effective operation of cooperation. A reasonable determination of the effort coefficient 
can punish the "free-rider" behaviour and effectively supervise each cooperation member. And 
the profit distribution coefficient can improve the enthusiasm of cooperative members in the 
port’s public-private cooperation construction, which is more conducive to the port 
infrastructure construction. At the same time, it can also promote fairness and rationality 
within the mechanism, and promote the coordination and cooperation among various 
investment entities in the construction of urbanization. and it can also establish, a good 
atmosphere of cooperation, reduce the market risk of investment and construction, and 
eliminate other investment and construction of the main body, to ensure the reorganization, 
safe and efficient use of port infrastructure construction funds. 

4.2.3. Building a good institutional environment for public-private partnerships 

The above model shows that the risks of port public-private joint construction and operation 
include economy, politics, nature, society and so on. Too high project risk will cause the social 
capital to be difficult to gain profits or even to recover the principal. Thus making the social 
capital in the face of investment PPP port projects, so that, the reasonable division of project 
risks between government departments and social capital can ensure that all parties bear the 
most appropriate project risks and promote the sustainable operation and service innovation 
of PPP port projects.  

Moreover, the construction and operation of PPP ports have their own development rules.  
Careful planning is the prerequisite for the success of PPP port cooperation [10]. The better 
legislation of PPP mode can regulate the relevant interest subjects, make clear the 
responsibility boundary and risk distribution of each interest subject, protect the rights and 
interests of social capital and create a favourable legal environment for social capital to operate 
port projects. 

4.2.4. Establishing better investment and financing decision-making mode of the port 
project in PPP mode 

To establish a perfect investment and financing decision-making mode of the port project in 
PPP mode, it is necessary to carry out investment management in every phase of the whole life 
cycle of the project and apply the project financing security reasonably and efficiently in every 
phase of port construction and operation. As one of the main project financing methods in the 
world, Securitization can be used for reference in PPP port cooperation projects, which can 
solve the problems of the high cost of bank loans and withdrawal mechanism of the social 
capital project. The insurance fund and the PPP mode port project have many compatible places, 
through the insurance fund infuses the port construction and the operation project. Thus it 
provides the risk guarantee to the port project construction, the operation stage and so on. At 
the same time, the insurance funds also put forward higher requirements to various aspects of 
the PPP port project, which further optimized the project structure and enhanced the project 
implementation efficiency. 

5. Conclusion 

This paper studies the essence and operation mode of public-private joint venture ports. A 
dynamic game model based on Pareto efficiency is established to analyze the individual benefits 
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before the cooperation between the public and private sectors of Chinese ports and the 
common benefits after the joint venture. It is found that the benefits of the joint venture are the 
optimal model. Finally, taking Ningbo port as an example, the possibility of achieving Pareto 
efficiency is discussed. 

The result of the game shows that, under the premise of PARETO's effective coordination, the 
profit of the public-private cooperative organization is higher than that of the non-cooperative 
organization in the construction and operation of the public-private partnership under the case 
of the port of Ningbo-Zhoushan. The effort of each partner is also greater than the effort of each 
individual, resulting in a higher overall rate of return on cooperation than individuals. 
Therefore, it is necessary to set up a public-private partnership in Ningbo-Zhoushan port, so as 
to increase the enthusiasm of all parties in the construction and operation of public-private 
partnerships in ports, and to effectively encourage cooperation among the investors in the 
cooperation mechanism, reducing the risk of the public-private joint venture in port 
construction and operation. 

However, there are many problems to be solved in the future of the public-private partnership 
cooperation in the port. Managing the relationship between efficiency and fairness, 
improvement and bottom line from a PARETO efficiency perspective, it is necessary to adopt a 
strategy of overall advancement and gradual development so as to reduce contradictions, 
remove obstacles and avoid the difficulties and failures that may be brought about by radical 
reform. This is the author's future research field. 
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