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Abstract: Due to the relatively long period and large capital flow of public-private partnership (PPP)

projects, PPP participants are faced with a complex risk situation impeding the sustainable project

delivery. In recent years, risk management of PPP projects has received increasing attention. In this

paper, twenty risk factors associated with infrastructure PPP projects were identified by literature

review and in-depth case studies. Relationship data for these twenty typical risk factors were obtained

through structured interviews. Based on the obtained data, the risk relationship network within

infrastructure PPP projects was identified, and the network structure characteristics were analyzed,

including individual node attributes and the influence and cohesion of subgroups. The results indicate

that key risk factor nodes can form a reaction chain via bridge nodes that can trigger a risk domino

effect within PPP projects. Specifically, the key risk factors of PPP projects are divided into two

categories, the first of which include risk factors that have powerful and independent influence, such

as delay in government approval, government credit, and imperfect legal and regulatory systems.

The second category includes risk factors that are highly vulnerable and easily influenced, such as

completion risks, insufficient revenue in the market, and fee change. A key risk factor reaction chain

is one in which legal change leads to a decline in government credit rating, triggering a contract risk.

Twelve bridge nodes were identified that play an important intermediary role in the network, e.g.,

legal change, public objection, and financing risk. This paper extends the application of social network

analysis in PPP projects management research and identifies the key risk factors and crucial factors

influencing chain reactions in PPP projects. The results provide a more in-depth understanding of

sustainable PPP project management for government agencies and private enterprises.

Keywords: infrastructure PPP project; risk factors; relationship analysis; social network analysis;

sustainable project delivery

1. Introduction

With the accelerating rate of urbanization, the construction of infrastructure is also accelerating [1,2].

Due to a large number of infrastructure projects, the flow of capital from governmental bodies has

difficulty meeting the needs of infrastructure development [3,4]. The public–private partnership

(PPP) model combines the strong advantages of the provision of social capital funds with government

policy advantages [5]. PPP has also made a great contribution to the sustainable development of

infrastructure. PPP can be used as a catalyst for sustainable development in large infrastructure

projects [6]. It aims to provide sustainable solutions for project maintenance, not only by improving
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product quality and reducing costs, but also by potentially shortening project duration, improving

technical aspects of construction and maintenance methods, encouraging contractors to innovate, and

reducing the project’s impact on users and the surrounding environment [7–11]. Thus, PPPs are being

widely promoted around the globe, especially in developing countries that have been undergoing

an infrastructure boom in recent years, such as Egypt [12], Ghana [13], China [14], etc. PPPs have

been applied to well-known transportation infrastructure projects, power generation projects, water

conservancy and hydro-power projects, and education projects [15]. According to the World Bank,

in the first half of 2019 (H1 2019), private participation in infrastructure (PPI) investment stood at

49.8 billion USD across 175 projects, representing an increase of 14 percent from H1 2018 levels.

While there have been many successful infrastructure PPP projects, there have also been numerous

failures and a variety of risks associated with them, including financial and political risks, as well as the

risk of public rejection during the life cycle of PPP projects [16]. The implementation of PPP projects

usually suffers from legal, political, and cultural impediments [17]. For example, the construction of

the Channel Tunnel Project started in 1987. After increases in the construction costs and delays during

the construction period, the company responsible for the project was forced to apply for bankruptcy

protection in 2006 because of its heavy financial burden and high work level in its first ten years of

operation [18]. The Toll Road Project in Mexico from 1989 to 1994 is a typical case of PPP project failure

due to the insufficient capacity of government agencies and the unreasonable design of the project

risk-sharing and bidding system [18]. The Philippine Power Supply Project was in trouble in 2002

due to the lack of operational capacity and experience with PPP projects of the Philippine National

Power Company and the unreasonable build–operate–transfer risk–sharing design [18]. Responsibility

for the Bird’s Nest stadium project in Beijing was re-claimed by the State-owned Assets Supervision

and Administration Commission (SASAC) in 2009 due to the project company’s improper cost control

measures, design mistakes, and other missteps, which resulted in the risk of increased project costs [19].

If such risks are not well managed, the time, cost, and operational performance of PPP projects can be

affected [20], and in some cases, even lead to the suspension or failure of the project [21]. Taking China

as an example and as the largest developing country, as of June 30, 2019, there were 9036 projects in the

project management database, as per China’s PPP integrated information platform. However, from

July 2018 to June 2019, 915 projects, accounting for about 10% of the total, were withdrawn from the

project management database maintained by the government and the social capital center of China’s

Ministry of Finance.

Research on the risk associated with PPP projects has focused on risk identification, risk evaluation,

and risk allocation, as well as the exploration of methods for identifying factors related to the success

or failure of PPP projects [22]. However, although the risks associated with PPP projects do not occur

in isolation and have certain links and relationships with each other, there has been scant research

on the relationship between the risk factors associated with PPP projects. To identify these risks,

some researchers have attempted to identify risk factors related to the PPP of a particular project or

country [23,24], and have generally categorized these as either being shared equally between the two

parties or allocated primarily to the public or private partners [25]. Many scholars have studied the

optimal allocation of risk factors between project participants [26–28]. Based on the principal-agent

theory, some scholars have recognized and integrated the risks introduced by project stakeholders and

proposed a structure of risk allocation for PPP projects [29]. Mazher et al. [30] proposed a decision

approach based on non-additive fuzzy-integral-based multiple attribute risk allocation to effectively

aggregate the assessment of each stakeholder’s risk management capability based on accepted risk

allocation principles derived from the qualitative judgments and experience-based knowledge of

experts. Rafaat et al. [12] identified, presented, and discussed risk allocation preferences for PPPs in

Egypt that involve domestic wastewater treatment and seawater desalination, and the research findings

of these authors enabled the development of an efficient risk allocation framework for water-sector

PPPs in Egypt in the early stages of project development. Regarding PPP risk assessment, efforts have

also been made to develop models for evaluating PPP risk values. Economic modeling and risk analysis
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are important processes for the appraisal of infrastructure and revenue-generating projects [9]. Li and

Wang [31] proposed a systematic and practical method for identifying and assessing PPP risk factors

that integrates the fuzzy analytic network process and interpretive structural modeling, which had not

previously been used for risk assessment in the construction field. By combining two-dimensional

linguistic information and the cloud model, Wu et al. [32] put forward a risk assessment framework for

PPP waste-to-energy incineration projects. The framework proposed by Valipour et al. [33] adopted the

step-wise weight assessment ratio analysis and complex proportional assessment methods to introduce

new criteria for risk assessment.

Moreover, some studies on analyzing PPP risks and their relationships have adopted techniques,

such as multiple-regression analysis [34], hybrid fuzzy cybernetic analytic network process model [35],

two-dimensional linguistic information [32], fuzzy analytic hierarchy processes [36], fuzzy synthetic

evaluation [37], etc. However, studies on these relationships and influences based on failed PPP cases

is lacking. Besides, it is not common to analyze the relationship between PPP risk factors from the

perspective of the social network.

This paper explores the following research question:

What is the relationship between the infrastructure PPP risk factors during the life cycle of an

infrastructure PPP project?

The aims of our research are that: (i) identifying the relationship between PPP project risk

factors more systematically; (ii) shedding new light on coping with the negative factors and the chain

reaction between them in the process of sustainable development of infrastructure and (iii) providing

a new risk assessment tool for risk management strategies in the field of infrastructure engineering

and management.

The rest of this paper contains the following four sections. First, we review the existing literature

to gain an understanding of the results of risk identification and risk assessment of PPP projects.

Second, the methodology of this study is presented, including the research method, interview design,

and data collection. Third, the relationships between the risk factors are considered, including the

identification of risk factors, construction of a relationship network model, and analysis of key risk

factors. In the final section, we discuss our findings and conclude that the relationship between risk

factors must be better managed to minimize the risk of failure of PPP projects.

2. Literature Review

2.1. PPP Projects and Sustainable Development

The Brundtland Commission defined sustainable development in 1987 as a development that

fulfills the needs of the present generation without compromising the ability of future generations to

fulfill their needs [38]. Rijsberman and Van de Ven [39] argue that sustainability is not just about the

needs of generations but also about the carrying capacity of supporting systems and about maintaining

ecological, environmental, and hydrological integrity. Koppenjan and Enserink [5] distinguished

between social, environmental, and financial sustainability. Social sustainability refers to the impacts

of urban infrastructure on the affordability of and access to public service delivery by poorer groups

within urban society [40,41]. Environmental sustainability refers to the impact of service delivery by

public infrastructures on the urban population, urban environments, and the wider surroundings [42].

Financial sustainability refers to the possibilities of authorities to live up to the financial obligations that

result from investments in infrastructures, both in the short and in the long run [43]. In order to guide

the rapid urbanization process towards a more sustainable direction, one option is to further establish

public-private partnerships through private sector participation in the development, maintenance, and

operation of sustainable urban infrastructure.

However, there are some problems in this process as many PPP projects become unsustainable or

even fail to be delivered. Some studies have begun to focus on the relationship between PPP risks and

the sustainable development of PPP projects. Bai et al. [44] brought the concept of “sustainability” into
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the risk evaluation of PPP projects and constructs a factor system of sustainability risk of PPP projects

covering five first-level factors and 72 second-level factors and evaluated the sustainability risk level of

PPP projects. Yuan et al. [45] concluded that social and environmental impacts including construction

delay, noise pollution, and inadequate compensation for land acquisition are more likely to cause

social risks of transport PPP projects than economic impacts, thus affecting the social sustainability of

transport PPP projects. Shen et al. [46] considered that the distribution of the contribution to project

investment between private and public sectors is one of the key variables affecting the sustainability

performance of PPP-type projects. Moreover, different types of organizations including public and

private sector organizations are susceptible to reputational damage in different ways [47]. As for

these organizations, most of the reputational risk was caused by the failure to fulfill their social

responsibilities [48,49] and to implement sustainable and responsible supply chain management [50,51],

which will eventually affect the sustainable delivery of PPP projects.

In conclusion, the public-private partnership (PPP) is a project delivery system that can play an

important role in the sustainable development of public facilities and infrastructure. In this paper,

we identified the key risk factors that can positively or negatively affect PPP (as a system) to achieve

sustainability by investigating the relationship between the risk factors of PPP projects, so as to promote

the sustainable development of infrastructure.

2.2. Risk Factors of PPP Projects

The PPP model has been widely used in many countries, and the PPP project process will

experience interference from and be influenced by many risk factors. Hwang et al. [52] identified

42 critical risk factors that influenced PPP projects in Singapore, which were assigned to both the

government and the private sector. Based on a literature review and interviews, Tang and Shen [53]

proposed 18 risk factors related to the needs of stakeholders in a Hong Kong PPP project. Shao et al. [14]

identified 29 residual value risk (RVR) factors associated with road PPP projects in China and their key

characteristics. For ease of analysis, other researchers have placed risk factors into different categories.

Aziz and Shen [54] indicated that force majeure risks represent a risk category that requires

delicate management as it could cause tremendous losses to the private party. Doloi [20] identified the

risk attributes associated with the PPP procurement method across three dimensions, i.e., time, cost,

and operational performance. Tang et al. [55] presented a literature review of PPP usage in Australia

and identified four main categories of factors (procurement, stakeholder, risk, and finance). Ameyaw

and Chan [13] grouped PPP risks into eight categories in their research on Ghana’s management of

water supply projects, including political and regulatory risks, operational risks, market/revenue risks,

financial risks, relationship risks, project and private consortium selection, social risks, and third-party

risks. Generally, the PPP model could be applied in most countries to their conventional public services

that directly affect the daily life of people, i.e., power, water supply, gas, sewage treatment, roads,

and others [56–58]. Song et al. [24] conducted interviews, surveys, and visits to some selected PPP

projects and identified ten key risks in their investigation of the key risks of PPP waste-to-energy

incineration projects in China. The authors then performed a detailed analysis of these risks, which

mainly included the risks associated with government decision-making, government credit, legal and

policy issues, technical aspects, contract changes, public opposition, payment, and revenue. In a later

study of PPP water supply infrastructure projects, Ameyaw and Chan [59] derived a risk factor list,

ranked the factors, and described the ‘top-ranked’ risk factors as including poor contract design, water

pricing, and tariff review uncertainty, political interference, public resistance to the PPP, construction

time and cost overruns, non-payment of bills, lack of PPP experience, financing risk, faulty demand

forecasting, high operational costs, and conflict between partners.

2.3. Methods of Risk Management

There are four logical processes of risk management including the identification of risks, analysis

of the implications, responding to minimize risk, and allocating appropriate contingencies [60].
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Some literature has investigated these aspects. Kivleniece and Quelin [61] recognized the triangular

nature of public-private ties as the key mechanism shaping value distribution, and then identified

governance-specific, asymmetric value claims by public actors and social activists as critical constraints

on private value capture. Barlow et al. [62] argued that public-private partnerships in health care should

be much more about ensuring that risks arising from the development and operation of healthcare

infrastructure are optimally allocated between public and private partners through bundling activities

and using the payment mechanism, thereby reducing the risk premium. Of course, there are some

different types of governance mechanisms to address risks. Xiong et al. [63] took a holistic approach to

identify eight governance mechanisms to address transaction hazards based on contracting theories,

and concluded that flexibility, credibility, and competition are especially critical to determine the

success or failure of PPP projects among them. Some work has explored topics such as renegotiation

and contractual design as ways to address lifecycle uncertainty [64] as well as counterparty actions

during PPP implementation and operations [65]. Dewulf and Garvin [66] presented two distinct but

related investigations examining how governance strategies can address uncertainty in PPP projects

and illustrated the necessity for responsiveness and complementarity of contractual and relational

mechanisms in PPPs. Performance-based contracting schemes are also emerging in government

procurement sectors [67], including as part of complex, performance-involving, public-private

partnerships [68,69]. The performance-based contract is a promising contractual mode that enables

business partners to adopt “use rather than own” strategies [70].

Some of the frequently adopted risk management analysis techniques have been reported in

international construction management journals. Xu et al. [71] presented a detailed study of the

contractual structure, risk-sharing scheme, risk response measures to critical risk factors, and project

transfer of a PPP project. Tallaki et al. [72] conducted a systematic literature review and defined five

constitutive areas, namely value for money, risk determination and allocation, financial risk transfer,

contractualization of risk, and risk management in the post-construction phase. Based on Monte Carlo

simulation, Ye and Tiong [73] developed a new method: the net-present-value-at-risk method, which

can provide a better decision for risk evaluation of, and investment in, privately financed infrastructure

projects. Hastak and Shaked [74] used the Analytical Hierarchy Process to analyze the hierarchy

of risk indicators within each level and to determine the relative importance of the risk indicators

by establishing priority among the criteria, sub-criteria, and indicators, proposing a risk assessment

model for international construction projects. Researchers have been adopting more complicated

methods. Thomas [75] et al. proposed a risk probability and impact assessment framework based

on fuzzy-fault tree and the Delphi method, which includes extensive scenario modeling of critical

risks in projects and systematic processing of professional judgment (subjective knowledge) of experts,

and is developed and demonstrated in the context of critical risks in Indian build-operate-transfer

(BOT) road projects. Wu et al. [76] employed a three-dimensional model that included probability,

losses, and uncontrollability for risk assessment, and used an analytical hierarchy process for weight

determination and the grey fuzzy method for assessment. Xiong et al. [77] proposed an ex-post risk

management model that introduced renegotiations and early terminations, beginning with risk-impact

evaluation and then the assessment, selection, and enforcement of ex-post risk response measures.

There are some limitations and disadvantages in each of the above methods, which are listed in Table 1.
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Table 1. Common methods for risk management.

Method Disadvantage Reference

Monte Carlo Simulation
The number of samples needed for it must be

large enough to make the estimated
distribution close to the real distribution.

Ye and Tiong [73]

Analytical Hierarchy Process

It has less quantitative data and more
qualitative components, which may not be

convincing, and may not consider the
relationship between risks.

Hastak and Shaked [74]
Wu et al. [76]

Fuzzy Set Theory
The fuzzy processing of simple information

can reduce the control precision and dynamic
quality of the risk management system.

Thomas et al. [75]
Wu et al. [76]

The Grey Fuzzy Method
The calculation is complex and the

determination of the index weight vector is
subjective in risk assessment.

Wu et al. [76]

2.4. Social Network Analysis: An Effective Approach to Settle PPP Related Issues

Since Moreno introduced the concept of social network analysis (SNA) in 1934, SNA has become

an effective tool for researchers and practitioners to simulate organizational structures and analyze the

interaction between different individuals or groups [78]. SNA assumes that network members can

interact with each other and their behavior is largely influenced by the relationship patterns embodied

in the network structure [79]. From this perspective, SNA is to study how the social structure of the

relationship around a person, group, or organization affects belief or behavior [80]. According to

Borgatti et al. [81], networks are a way of thinking about social systems that focus our attention on the

relationships among the entities that make up the system, which were called actors or nodes.

SNA has been widely used as an effective method to solve stakeholder related issues in the field of

construction project management and other research fields [82]. SNA can help researchers identify key

stakeholders and practical issues in their research. Li et al. [83] established the SNA model to deal with

the schedule issues related to stakeholders in prefabricated construction projects. Based on network

analysis, the authors believed that BIM-based information systems can be used to improve scheduling

performance. Moreover, the nature of SNA, which analyzes the interdependencies of network objects,

particularly of the network centralities, is such that it could be used to examine complex networks

other than social structures, such as risk factor networks in which the causes of risks interact with each

other [84]. Risks arising from technical, organizational, and environmental complexity can be analyzed

using SNA to investigate the interrelationships between risk and accidental factors, as described in Li

et al. [83], Mohammadfam et al. [85], Yang and Zhou [86], and Zhou and Irrizary [87]. Additionally,

the uses of SNA are not limited to social studies for analyzing trust, communications, and other social

structure networks, but the practitioners can also extend the uses of SNA to broader complex project

management areas that involve interdependencies between activities and resources. For example,

Luo et al. [88] adopted social network analysis to develop the risk network of the supply chain of a

prefabricated building project in Hong Kong to prioritize the stakeholder-associated supply chain risk.

Yu et al. [89] used social network analysis to investigate social risks related to housing demolition

from a stakeholder perspective and their study contributed to the body of knowledge on social risk

management via linking social risks with stakeholders. Yang and Zou [86] developed a social network

analysis-based stakeholder-associated risk analysis method to assess and analyze the risks and their

interactions in complex green building projects. In this study, we also employed SNA to investigate

infrastructure PPP project risk factors because this method can link one risk factor with others and

quantify the interactions among different network nodes.

In summary, many scholars have identified PPP project risks and proposed corresponding risk

management methods, but there has been little research on the relationship between the risk factors

associated with PPP projects, and the research that has been conducted was not thorough or in-depth.

This paper summarizes the risk factors of PPPs based on a systematic search and sorting of relevant
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documents and presents a social network analysis of the relationships between the risk factors of PPP

projects to generate new and effective approaches to risk management in infrastructure PPP projects.

3. Methodology

3.1. Research Methods

In this paper, the relationship network of PPP project risk factors is investigated and analyzed; the

research framework for which is shown in Figure 1.

Figure 1. Research framework.

The five steps of this investigation and analysis of the relationship network between risk factors

are as follows:

1. Determine the research object: To construct a social network model, the first and most important

task is to determine the nodes in the network. In this study, the network nodes are the risk factors

of each infrastructure PPP project.

2. Establish the interview design: Social network analysis was used to study the relationship

between risk factors, which was facilitated by the use of Ucinet 6.0 software. The data processed

by the software is expressed in matrix form. Therefore, this interview was formulated as a risk

factor relationship matrix for scoring the weights of answers provided by experts and determining

the magnitude of the impact of different factors in different directions.

3. Structured interviews and data collection: To facilitate data entry in the processing of data for

this study, the results of the interview are expressed in the form of the matrix.

4. Conduct data quality test: The data quality was mainly dependent on whether the respondents

gave consistent answers. Answers were consistently checked using Ucinet 6.0 software.

5. Analyze data: Data analysis was performed from two perspectives. First, the overall structural

characteristics of the risk factor relationship network were analyzed to determine the closeness of

the overall network structure. Second, the attributes and location characteristics of each node

were determined. These two aspects are described based on different indicators, and their specific

contents are presented in the following sections.
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3.2. Interview Design and Data Collection

The research items of this interview were drawn from a collation of relevant literature. Based on

our review of the literature and a series of failed infrastructure PPP projects (including a wide range

of project types) in the past, we identified the risks preliminarily. Then, we summarized twenty risk

factors common to PPP projects based on the interviews of experts, each of which is the key factor

leading to their failure. Based on prior studies [90,91], this article argues that PPP "failure" refers

to the phenomenon of contract cancellations, transfer of management rights, unrealizable value for

money, project predicament or no operations, government buyback and severe losses. These cases

were selected as typical examples of the failed PPP projects, and their unique characteristics and causes

of failure are very consistent with the identification of key PPP risks. For example, F1 is legal change,

which refers to the risk caused by a change in the validity of the project contract due to a relevant

legal change after the promulgation of the project contract led to the failure of Shanghai Da Chang

Waterworks project and Yan’an East Road Tunnel project in China. F19 is cost risk, which refers to risk

arising from increased project costs due to improper cost control measures, design errors, or other

factors, which led to the failure of China National Stadium Bird’s Nest PPP Project. These twenty risk

factors are shown in Table 2.
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Table 2. List of risk factors.

Risk Factors Implications Case Sources Literature Sources

F1 Legal change
Refers to the risk caused by a change in the validity of the project
contract due to a relevant legal change after the promulgation of the
project contract.

Shanghai Da Chang Waterworks;
Yan’an East Road Tunnel

Song et al. [24]

F2 Imperfect legal and
regulatory system

Risk caused by the absence or imperfection of current relevant laws.
Quan Zhou Ertong Bridge, Fujian Province;

Yan’an East Road Tunnel Double Line
Ameyaw and Chan [13]

F3 Government
decision-making

errors

Risk caused by errors or length of the government decision-making
process that made the process unreasonable or inadequate staff
capacity and experience.

Qingdao Veolia Sewage Treatment Project Song et al. [24]

F4 Delay in Government
Approval

Risk caused by cumbersome approval process or inefficiency of staff in
related departments.

Beijing 10th Water Plant Hwang et al. [52]

F5 Government Credit
Risk caused by the government’s failure to perform, refusal to perform,
or failure to perform contractual obligations for certain reasons.

Changchun Huijin Sewage Treatment Plant;
Xin yuan Four Bridges of Min Jiang River

Ameyaw and Chan [59]; Song et
al. [24]

F6 Corruption
Illegal income demanded by government officials or staff, resulting in
increased company costs and increased risk of government default.

Shenyang No. 9 Water Plant
Ameyaw and Chan [13];
Ameyaw and Chan [59]

F7 Insufficient revenue in the
market

Operating income was lower than expected due to poor project
performance or services, which leads to a risk that the investment
cannot be recovered.

Tianjin Shuanggang Waste
Incineration Power Plant

Song et al. [24]

F8 Change in market demand
Market supply-demand relationship change due to macroeconomic
changes and/or other reasons, which lead to the risk of a difference
between market forecast and actual demand.

Hangzhou Bay Cross-Sea Bridge;
Shandong Zhong Hua Power Generation

Project

Shao et al. [14]; Ameyaw and
Chan [59]

F9 Public objection
The public interest is damaged due to a lack of environmental
protection and/or other reasons, leading to the risk of public
opposition to the continued construction of the project.

Beijing 10th Water Plant;
Shanghai Da chang Water Plant

Ameyaw and Chan [13]; Song et
al. [24]; Ameyaw and Chan [59]

F10 Financing risk
Risk arising from difficulties in financing due to unreasonable
financing structure, credit, or national policies.

A power plant in Hunan
Ameyaw and Chan [13]
Ameyaw and Chan [59]

F11 Completion Risk
Risk of unfinished, delayed, or substandard project quality due to
inappropriate project schedule control for various reasons.

Chengdu Rail Transit Line 18 Project Doloi [20]

F12 Project Uniqueness
Risk arising from commercial competition due to government building
or remodeling of other similar projects.

Xin yuan Four Min Jiang River Bridge;
Hangzhou Bay Sea-Crossing Bridge;

Ameyaw and Chan [13]

F13 Fee change
Risk arising from changes in fees due to unreasonable or inconsistent
charges for project products and services.

Beijing Metro Line 4;
Kaifeng Sports Center Project

Xu et al. [71]

F14 Poor project company
management

Risk resulting from improper management of project company due to
an unreasonable bidding process and internal conflict in the project
company.

Hua shan Service Area Project;
Hangzhou Bay Bridge Project

Ameyaw and Chan [13]

F15 Force Majeure
Factors, such as natural disasters, wars, or other risks to the project
that cannot be predicted, controlled or prevented.

A power plant in Hunan
Ameyaw and Chan [59];

Aziz and Shen [54]
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Table 2. Cont.

Risk Factors Implications Case Sources Literature Sources

F16 Contract risk
Risk arising from the refusal or failure of a party to fulfill contract
obligations for certain reasons.

Shanghai Da chang Water Plant;
Lian Jiang China-France Water Supply Plant

Ameyaw and Chan [13]; Song et
al. [24]; Ameyaw and Chan [59]

F17 Environmental risk
Risk arising from violations of environmental regulations or pollution
that require increased investment to continue operation or project
failure.

Domestic Waste Incineration Power Plant
in Western Qin Huang Dao

Xu et al. [71]

F18 Interest rate risk
Change in the market interest rate that leads to investment difficulty
for social capitalists, thus increasing the project risk.

Guangxi Lai Bin Waste Incineration Power
Plant

Ameyaw and Chan [13];
Ameyaw and Chan [59]

F19 Cost risk
Risk arising from increased project costs due to improper cost control
measures, design errors, or other factors.

China National Stadium Bird’s Nest PPP
Project

Doloi [20]; Ameyaw and Chan
[59]

F20
Inadequate

Infrastructure

Risk arising from factors such as inadequate project-related
infrastructure and its consequent impact on project progress.

Lake Townsend Sewage Treatment Plant Xu et al. [71]
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Interviews were to collect data because they can provide a lot of information and face-to-face

communication between researchers and interviewees. Ambiguities can be reduced by open discussion,

and the reliability of data can be improved by information sharing among different participants [92]. In

order to quantify the interactions among the identified risk factors, we conducted a series of structured

face-to-face interviews. To ensure the quality and effectiveness of interviews, a purposive approach

was employed to select the targeted interviewees. This approach is suggested by Le et al. [93]. All the

interviewees have at least five years of experience in infrastructure PPP project management. The main

consideration of selecting interviewees is the diversity of professional backgrounds. The interviewees

include both academics and practitioners and involve various project roles, with the aim to increase the

heterogeneity of the interview group and thus to expand the depth and width of interview information.

Finally, five experienced industrial practitioners and academics were invited and participated in the

interviews. Table 3 shows the profile of these five individuals. As for phenomenological studies, the

recommended number of interviewees is approximately six [94,95]. This method is also used in related

literature. In order to test the artificial neural network model for modeling (PPP) project risk allocation

decision-making process, Jin and Zhang [96] obtained a test data set containing information about five

PPP projects from a panel of five experts. Our research is considered to be a study of risk phenomena

in PPP projects.

Table 3. Profile of the experts and scholars.

No. Role
Company

Type
Experience in

The Sector
Major Research

Fields

1
Project

Manager
Contractor Five years Project Management

2 Cost Manager Contractor Eight years Cost Management

3 Engineer Contractor Six years
The entire project management

process

4
Investment

manager
Contractor Five years

Project investment and
financing management

5 Professor College Twenty years PPP project management mode

In the interview process, in order to minimize the ambiguity, when the participants were not

clear about the interview questions, we would provide them with an oral explanation. In SNA,

nodes represent identified risk factors. Links refer to the influence of a risk factor on other factors.

For example, if there is a link from F1 to F2, it means that F1 can affect F2. Interviews required experts

to assess the directions and effects of potential connections. Accordingly, there were two types of

questions in this evaluation: (1) Can risk F1 affect F2 during the life cycle of a PPP project (the direction

of the link)?; and (2) If F1 impacts F2, to what degree can F1 influence F2 (the degree of influence)?

The results of the second type of questions were measured using a five-point scale, similar to studies

conducted by Li et al. [83] and Yang et al. [97]. Here, “1” indicates the lowest level and “5” refers to the

highest level.

We use X to represent the evaluation value of experts on the impact of risk factors (1≪ X≪ 5).

When interviewing, it is inevitable that in some ways, the experts could not agree on the final evaluation

result of one link. In this situation, we calculated the degree of variation (V =
Xmax−Xmin

5 , X max = the

maximal value of the evaluation, X min = the minimal value of evaluation) to determine whether a

re-evaluation should be performed to determine the weight of a link. In fact, V can be used as a simple

parameter to measure the degree of variation in statistical samples [89]. If the degree of variation

was acceptable (V≪0.2), we used the median of the evaluation results to reflect the weight of this

line [89]. If the degree of variation was not acceptable (V>0.2), we organized online meetings with the

experts through WeChat (a kind of online communication software developed by Tencent Company).

Then, we re-evaluated until an acceptable result was produced. After two rounds of WeChat-based

communication, the investigation formed an acceptable risk network.
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3.3. Reliability Test

To determine the reliability and validity of the interview data, Ucinet 6.0 software was used to

perform a consistency analysis of the data obtained in the interviews regarding the relationships of the

PPP project risk factors.

According to the consistency test results, the ratio of the largest eigenvalue to the second-largest

eigenvalue is 6.167. As this value is greater than 3, this indicates that in the questionnaire, respondents

exhibited a consistent understanding of the relationship between risk factors in infrastructure PPP

projects. In addition, all the experts scored higher than 0.5 in their ability to answer questions, scoring

0.519, 0.560, 0.579, 0.595, and 0.633, which indicates that their answers to questions were highly reliable.

Therefore, the consistency analysis results confirm that the PPP project risk factor relationship data

obtained from these five experts have high stability and reliability.

4. Results

4.1. Relational Network Model

According to the social network concept, the PPP project risk factor network refers to the

relationship network model formed by the interaction and correlation of risk factors in PPP projects.

To establish a risk factor model for infrastructure PPP projects, the first step is to determine the model

elements:

1. Network nodes: Determine each risk factor as the node of network construction.

2. Network relations: Ensure that the arcs constructed by the network model represent the

relationships among various risk factors and that these arcs are directional segments.

3. Network relation assignment: Determine the strength of the influence relationships represented

by the arcs in the relational network model.

4. Network relation matrix: Determine the relationship between the risk factor nodes as represented

by the directed relational data, and establish a network relationship matrix based on the weight

data provided by the experts for each arc.

Based on the risk factors identified in the literature and cases, five structured interviews were

designed. The answers provided in the process of interviews were analyzed and summarized. After

confirming the data consistency, a risk network relationship matrix for infrastructure PPP projects

was constructed, as shown in Appendix A (Table A1). Each row element represents a factor having

influence, and each column element, a factor being influenced. The element values indicate the intensity

of the influence of the row element on the column element, which increases from 0 to 5.

After inputting the risk factor relationship matrix data, the NetDraw program in Ucinet 6.0 was

used to construct the PPP project risk factor relationship network model, as shown in Figure 2.
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Figure 2. Visualization of Risk Factor Relational Network Model.

4.2. Analysis of Relational Network Model

4.2.1. Analysis of the Characteristics of Relational Networks

(1) Overall Network Density

First, using Ucinet 6.0 software, the overall network density was determined to describe the

integrity of the relational network model. Overall network density refers to the closeness of the

relationship between the nodes. In this paper, it refers to the closeness of the relationship between the

risk factors. If Vi is used to represent the weight value of the arc, N is the number of nodes, then the

total number of possible arcs is N (N-1), and the expression of the overall network density is:

∑

i=1 Vi

N(N− 1)
(1)

The results indicate that the overall density of the PPP project risk factor relationship network

model is 0.7079 > 0.5, which shows that the twenty common risk factors in this study have a high

impact relationship, i.e., the risk factors are closely related, which increases the overall risk. When

a project is associated with some risks, these are likely to lead to other risks that can participate in

a chain reaction. As such, a relationship network consisting of these risk factors is subject to high

risk. The standard deviation of the density of the network is 1.2779, which means there is a strong

relationship between the risk factors in the model. By comprehensive analysis of the density and

standard deviation of this network, we can infer that the project managers should strengthen their

dynamic management of the overall project process.

(2) Central Potential Index

The central potential index includes the degree central potential, closeness central potential, and

betweenness central potential, as calculated by the Ucinet 6.0 software.

The central potential is used to describe whether a network graph has overall centrality around a

point. In this paper, the relative centrality is selected for calculation, and the relative degree central

potential index formula is:

CD =

∑N
i=1(CRDmax −CRDi)

N− 2
(2)
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where CRDmax is the maximum value of the relative degree centrality, CRDi is the relative degree

centrality of node i, and N is the number of nodes.

The betweenness central potential reflects the control power of the network over the whole.

The formula of relative betweenness central potential is as follows:

CB =

∑N
i=1(CRBmax −CRBi)

N− 1
(3)

where CRBmax is the maximum value of the relative betweenness centrality, and CRBi is the relative

betweenness centrality of node i.

The closeness central potential reflects the degree of uncontrollability of the whole network. The

formula of relative closeness central potential is as follows:

Cc =

∑N
i=1

(

C′RCmax −C′RCi

)

(N− 1)(N− 2)
(2N− 3) (4)

where C′RCmax is the maximum value of the relative closeness centrality, and C′RCi is the relative

closeness centrality of node i.

In this study, the degree central potential (out-degree) and degree central potential (in-degree) of

the PPP project risk factors network relationship model were determined to be 26.09% and 24.99%,

respectively, which indicate that there is a possibility of linking around one node in the network, that

is, there is a strong possibility of having a central point.

The betweenness central potential of the PPP project risk factors network relationship model is

2.55%, which is small. This indicates that there is little control effect by any one point on the network,

that is, no betweenness point exists that plays the role of “intermediary,” and the interaction between

nodes is not strong. This also indicates that there may be a risk of generating a chain reaction in the

risk factor network of infrastructure PPP projects.

The closeness central potential of the PPP project risk factor network relationship model is 55.17%,

which indicates that the relationship network in the model as a whole is not controlled by other

risk factors. That is, the independence of each node is relatively high, so we can infer that although

individual nodes may have a strong impact on other nodes, the force of this impact is less controlled

by other nodes.

(3) Small-World Indicators

In this paper, the characteristic path length is referred to as a small-world indicator, which was

also analyzed using Ucinet 6.0 software. Small-world indicators reflect the sensitivity of risk factors; it

refers to the average length of the shortest path between any two nodes.

According to the calculation results, the average distance between the risk factors of the network

is 1.208, i.e., the risk factors in the model can influence each other via an average distance of 1.208 units,

and their cohesion value is 0.896, which means that the cohesion between risk factors is strong so the

risk is high. The distance between 301 nodes is 1, which accounts for 79.2% of the total logarithm. The

distance between 79 nodes is 2, which accounts for 20.8% of the total logarithm. The distance of 1 thus

accounts for the vast majority of the total logarithm, which means that it is easy for each risk factor to

influence others.

Next, we performed a statistical analysis of the distance between risk factors, and the calculation

results show that the standard deviation is 0.406, the variance is 0.165, the minimum distance is 1, and

the maximum distance is 2. By synthesizing the above two tables, the average distance between each

risk factor in the risk factor relationship network is found to be 1.208, with a maximum distance of 2,

and a distance of 2 representing only 20.8% of the total logarithm. This shows that for most risk factors,

there is no need for an "intermediary point" to establish a link and that links can be established directly.
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4.2.2. Key Risk Factors of the PPP Project

The determination of the key risk factors of a PPP project depends on the magnitude of the impact

of this factor on other factors and the closeness of the relationship. Social network analysis uses a

centrality index to describe the capability of each node.

(1) Degree Centrality

Degree centrality reflects the aggregation degree of the relationship between nodes. In weighted

digraphs, they are divided into in-degree and out-degree. The calculation formula of in-degree at node

i is

Ci =
∑N

j=1
Xji (5)

The calculation formula of out-degree is

Co =
∑N

j=1
Xij (6)

where Xji is the weight number of the arc from node j to node i, and Xij is the weight number of the arc

from node i to node j.

In weighted digraphs, degree centrality is divided between out-degree and in-degree. Table 4

shows the results determined by the Ucinet 6.0 software, which indicates the out-degree and in-degree

of the twenty key risk factors.

Table 4. Degree Centrality.

Node Out-Degree In-Degree Node Out-Degree In-Degree

F2 56 21 F8 28 29
F1 50 16 F17 28 24
F5 48 33 F12 27 34
F6 47 28 F11 26 52
F3 45 35 F10 25 44
F4 44 38 F16 24 48
F9 40 29 F20 21 16

F13 32 51 F15 16 11
F14 32 21 F19 15 55
F7 31 43 F18 14 21

The above calculation results show that F2 (Imperfect legal and regulatory system) has the largest

out-degree centrality of 56, followed by F1 (legal change), with 50, and the third to sixth places are

F5, F6, F3, and F4, namely government credit, corruption, government decision-making errors, and

delay in government approval. These results indicate that these six risk factors have the most direct

effect on other factors and are at the core of the power of the relationship network. Among these

factors, F2 (imperfect legal and regulatory system) and F1 (legal change) are the two most important.

F5 (government credit), F6 (corruption), F3 (government decision-making errors), and F4 (delay in

government approval) are governmental risks, which means that legal and governmental risks have

the most significant impact on infrastructure PPP projects, which can easily lead to other kinds of

risks that can then affect the normal and safe operation of the whole PPP project. Therefore, in the

process of formulating or amending laws, legislative departments should seek and fully consider

the opinions and interests of all parties. Government departments should strive to improve their

efficiency, fully consider the input of all parties in their decision-making process, and avoid blind

decision-making. Besides, the government should strengthen its internal management to prevent

corruption. Supervisory authorities should fulfill their supervisory obligations and guarantee the

government’s credit.
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F19 (cost risk) has the maximum in-degree centrality of 55, followed by F11 (completion risk),

with 52, with the third to sixth being F13, F16, F10, and F7, namely, fee change, contract risk, financing

risk, and insufficient revenue in the market. This means that these six risk factors are the most directly

affected by other factors in the relational network, and occupy the important positions in the network.

These six risk factors are very likely to lead to the failure or termination of infrastructure PPP projects. In

this regard, the social capital party and the project management company should pay close attention to

controlling the cost and construction period, conduct more comprehensive market research, cooperate

with government departments, and avoid and transfer various risks to the degree possible.

In the network of risk factors, F1 (legal change), F2 (imperfect legal and regulatory system), F5

(government credit), and F6 (corruption) have larger in-degree and smaller out-degree centralities.

As such, they can be classified as "key risk sources" that have a greater impact on other risk factors

and are less subject to influence by other risk factors. F10 (financing risk), F11 (completion risk), F16

(contract risk), and F19 (cost risk) also have larger in-degree and smaller out-degree centralities, but

are classified as "risk results." As such, they are greatly influenced by other risk factors but have little

impact on other risk factors.

(2) Betweenness Centrality

Betweenness centrality in social network analysis is used to measure whether a node serves as

an "intermediary." The greater the betweenness centrality, the stronger is its risk transmission ability

and ability to control other risk factors. Assuming that there are node j and node k in the network

diagram, the ability of the third node i to control the connection between j and k is expressed by gjk (i).

The formula for calculating the absolute betweenness centrality of node i (recorded as CABi) is:

∑N

j

∑N

k

gjk(i)

gjk

, j , k , i, and j < k (7)

where gjk (i) is the number of geodesic paths connecting j and k through i, gjk is the total number of

geodesic paths connecting j and k. Table 5 shows the calculation results for the betweenness centrality

of the PPP project risk factors network.

Table 5. Betweenness Centrality.

Node Betweenness nBetweenness Node Betweenness nBetweenness

F4 12.248 3.581 F14 2.894 0.846
F3 9.858 2.882 F2 2.863 0.837
F11 8.102 2.369 F16 2.122 0.621
F13 7.086 2.072 F8 2.045 0.598
F7 6.695 1.958 F1 1.779 0.520
F5 6.295 1.841 F17 1.164 0.340
F10 5.103 1.466 F19 0.559 0.175
F9 3.778 1.105 F20 0.162 0.047
F6 3.139 0.918 F15 0.162 0.047
F12 2.926 0.856 F18 0.071 0.021

The calculation results show that F4 (delay in government approval) has the largest betweenness

centrality and a nbetweenness centrality of 3.581%. The second to sixth places are F3 (government

decision-making errors), F11 (completion risk), F13 (fee change), F7 (insufficient revenue in the market),

and F5 (government credit), which play intermediary roles in the relationship network. These risk

factors have a stronger risk transmission ability than other risk factors. However, due to the low

potential for a betweenness center in the risk network and the low betweenness-center degree of each

node, the intermediary role of these factors in the relationship network is not significant. Among these

six risk factors, delay in government approval, government decision-making error, and government
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credit are governmental risks, which means that the risks generated by the government have a more

serious and direct impact on the other risks. Governmental risks play a very important role in the

network model of the risk factors of infrastructure PPP projects and are also the main transmitters of

PPP project risk. Once governmental risks occur, they are very easily transferred to social capital risks,

which can easily lead to stagnation or even failure of the project. Therefore, the occurrence of these

risks must not only be prevented, but their relationships with the other risk factors must be cut off.

(3) Closeness centrality

Closeness centrality indicates the degree to which a node is not controlled by other nodes. It refers

to the sum of shortcut distance between a node and other nodes on the graph. The formula of absolute

closeness centrality is:

CACi =
∑N

j=1
dij (8)

where dij is the shortcut distance between node i and node j. Table 6 shows the calculation results for

the closeness centrality of the PPP project risk factors network.

Table 6. Closeness centrality.

Node inCloseness outCloseness Node inCloseness outCloseness

F11 100.00 90.48 F12 82.61 82.61
F7 100.00 86.36 F14 82.61 86.36
F13 100.00 86.36 F9 79.17 95.00
F4 100.00 100.00 F2 76.00 100.00
F19 95.00 61.29 F6 76.00 100.00
F16 95.00 73.08 F17 73.08 79.17
F3 95.00 100.00 F18 70.37 61.29
F10 90.48 86.36 F15 70.37 65.52
F8 86.36 76.00 F1 67.86 100.00
F5 86.36 100.00 F20 63.33 70.37

The closeness centrality results show that F11 (completion risk), F7 (insufficient revenue in the

market), F13 (fee change), and F4 (delay in government approval) have the largest values, and their

relative closeness centrality is 100%, followed by F19 (cost risk), F16 (contract risk), and F3 (government

decision-making errors), for which the relative point-to-point centrality is 95%. These nodes have a

high degree of point-to-point closeness to the center, which means that their corresponding risk factors

are strongly independent and are not easily affected by other risk factors.

F4 (delay in government approval), F3 (government decision-making errors), F5 (government

credit), F2 (imperfect legal and regulatory system), F6 (corruption), and F1 (legal change) have the

greatest out-degree centralities, with a relative outcloseness centrality of 100%. As such, these nodes

have a high degree of closeness to the center, which means that their corresponding risk factors have

strong independence, and they are more likely to independently influence other risk factors.

4.2.3. PPP Project Risk Factor Impact and Response Chain

The Huber index takes into account the interaction among nodes. In this analysis, the attenuation

factor (beta) is set to 0.5 following conventional research practice. Table 7 shows the ranking of influence

as calculated by Ucinet 6.0 software.
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Table 7. Influence Ranking.

Node Row Sums Col Sums Node Row Sums Col Sums

F1 1.039 1.013 F11 1.021 1.041
F2 1.044 1.017 F12 1.021 1.027
F3 1.036 1.028 F13 1.025 1.040
F4 1.035 1.030 F14 1.025 1.017
F5 1.038 1.026 F15 1.013 1.009
F6 1.037 1.022 F16 1.019 1.038
F7 1.025 1.034 F17 1.022 1.019
F8 1.022 1.023 F18 1.011 1.017
F9 1.032 1.023 F19 1.012 1.043

F10 1.020 1.035 F20 1.017 1.013

The Row Sums impact index reflects the impact of nodes on other nodes, for which the top six

ranked risk factors are: F2 (imperfect legal and regulatory system), F1 (legal change), F5 (government

credit), F6 (corruption), F3 (government decision-making errors), and F4 (delay in government

approval). These results indicate that legal risks, such as imperfect legal and regulatory systems

and legal changes, have the most significant impact on other risk factors. Secondly, governmental

risks, including government credit, corruption, government decision-making errors, and government

approval delays, are very likely to cause the failure or suspension of the entire PPP project. Therefore,

legal and governmental risks should be prevented as much as possible during the operation of the PPP

project, which is consistent with the centrality analysis results presented in the previous section.

The Col Sums impact index reflects the impact of nodes affected by other nodes, for which the

top six are F19 (cost risk), F11 (completion risk), F13 (fee change), F16 (contract risk), F10 (financing

risk), and F7 (insufficient revenue in the market). This means that these six risks are very vulnerable

to impact by other risk factors, and can easily lead to project failure or termination. In addition, the

influential relationship matrix indicates that the most influential relationships include F1 (legal change)

on F16 (contract risk) and F18 (interest rate risk); F2 (imperfect legal and regulatory system) on F6

(corruption); F5 (government credit) on F16 (contract risk); and F8 (change in market demand) on F7

(insufficient revenue in the market).

4.3. Factions and Cluster Analysis

Using the Ucinet 6.0 software, the risk factor relationship network matrix of the PPP project was

analyzed. When the minimum size of the subgroups is set to six, five subgroups (or factions) are

identified in the risk factor network, as shown in Table 8.

Table 8. Factional table.

Five Factions

1: 1 2 3 4 5 6 7 9 10 11 12 13 14 16 17 19 20
2: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17
3: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

4: 1 2 3 4 5 6 7 9 10 11 12 13 14 15 16 19
5: 1 2 3 4 5 6 7 9 10 11 12 13 18 19

In Table 8, five small groups are listed, the members of which have a close, strong, and direct

relationship in the PPP project risk factor network. As each element in these small groups is closely

related, the occurrence of one risk factor can easily lead to the occurrence of the other risk factors.

Moreover, these five factions contain some risk factors that can directly lead to project failure or

termination, so the grouping of these risk factors is very likely to lead to PPP project failure. To improve

PPP project management and prevent these risks, targeted precautions must be taken to these risk
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groups. According to the grouped risk factors shown in Table 8, a shared membership matrix can be

obtained, as shown in Table 9.

Table 9. Shared Membership Matrix.

1 2 3 4 5

1 17 15 14 15 13
2 15 16 15 14 12
3 14 15 16 15 12
4 15 14 15 16 13
5 13 12 12 13 14

This matrix indicates the PPP project risk factors of the five factions, in which the diagonal value

represents the total number of members in each faction. Elsewhere, the row I, column J (i,j) element

denotes the number of members shared by the I and J factions (I and J range from one to five). For two

different factions, their degree of intimacy is positively related to their number of shared members,

and closely related factions are easily combined in the PPP project risk factor group. The clustering

graph in Figure 3 is obtained by hierarchical clustering analysis of the shared membership matrix.

Figure 3. Cluster graph.

There are a large number of shared members in these five factions, which are referred to as “bridge

nodes.” Bridge nodes act as bridges between subgroups to spread influence. Strong relationships

occur among the risk factors of infrastructure PPP projects that have directly related subgroups, and

weak relationships are formed through "bridge nodes." Weak relationships improve the cohesion of the

risk factor relationship network, that is, PPP project risk factors with corresponding bridge nodes will

connect with more subgroups to yield a larger PPP project risk factor relationship network. Figure 3

shows that F1 (legal change), F4 (delay in government approval), F2 (imperfect legal and regulatory

system), F6 (corruption), F9 (public objection), F10 (financing risk), F11 (completion risk), F12 (project

uniqueness), F3 (government decision-making error), F13 (fee change), F5 (government credit), and

F7 (insufficient revenue in the market) are members of all five factions. These risk factors also serve

as bridge nodes in the relationship network. The risk factors represented by these nodes have an

important role in the transmission of risk in the relationship network model. If these bridge nodes

were to be removed from the subgroups, some of the remaining subgroups would not easily form
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networks but would become independent subgroups. In the process of PPP project risk management,

it is necessary to strictly guard against these risks at all times to greatly reduce the risk they represent

to the risk network and maintain the safe and stable operation of the PPP project.

In order to verify the consistency of the results, we conducted another round of structured

interviews with five selected experts. Based on this, our research results were recognized by the

experts. Moreover, some PPP projects failed due to these risk factors. For example, the Qingdao

Veolia sewage treatment plant project mainly failed due to government credit. Its problem is that

after the contract was signed, the government thought the price was unfair and unilaterally asked for

renegotiation. The Chenganyu highway project failed due to a legal change and an imperfect legal

and regulatory system. The specific problems described are that illegal subcontracting projects cause

economic contract disputes, disturbance of visiting events, progress lagging behind, and a state of

repeated suspension and resumption of work. After the adjustment of relevant national loan policies,

the project company’s own capital turnover is difficult, the loan is difficult, and the capital chain

is interrupted.

5. Discussion and Conclusions

This study started by identifying twenty key risk factors that can positively or negatively affect

PPP (as a system) to achieve sustainability in infrastructure PPP projects, using a combination of

various risk identification methods, such as case study, literature survey, and expert interviews. Then,

SNA was used to discuss the PPP project risk factors and their complicated relationship, where the

PPP project risk factor relationship network model was constructed based on the results of expert

interviews. Moreover, a systematic analysis was conducted on the relationship between risks and their

propagation mechanism through index analysis. The final sequence of factors, which can affect the

sustainable development of infrastructure, was obtained as a result of an analysis of the dependencies

between risk factors.

5.1. PPP Project Risk Factor Network Characterized by High Risk

According to the overall network density results, central potential analysis, and small-world index

analysis, it can be concluded that the risk factors in infrastructure PPP projects are closely related and

are characterized by high risk. Based on a literature review and centrality analysis, the key sources

of risk in the network are legal change, imperfect legal and regulatory system, government credit,

and corruption. These risk factors can be categorized as legal and governmental risks. Based on this

conclusion, we established a link with the existing research and made a comparative analysis. Previous

studies have also indicated that legal and governmental risks are key risks. For example, Song et

al. [24] investigated the key risks of PPP waste-to-energy incineration projects in China and studied

the strategies for managing these risks by drawing experience and learning lessons from these projects,

and identified ten key risks including government decision-making risk, government credit risk, legal

and policy risk, etc. Sastoque et al. [98] identified the risk allocation for the development of a public

school in Colombia and indicated that the legal risk and the relationship risks are key factors for a

successful PPP implementation. These risks depend on the government regulations and stability, but

these risks have to be assumed by the private sector. Therefore, government responsibility is to provide

the most stable conditions for project development. Valipour et al. [99] prioritized significant risks in

freeway PPP projects based on an Iranian freeway PPP project and concluded that the top three risk

groups of freeway PPP projects in Iran involve legal and political risks. So, we recommended that the

government strengthen internal management, improve work efficiency, put the interests of the people

first at all times, and strengthen its communication with social capitalists and project companies to

achieve project success. Legislative departments should fully seek and consider public input in the

process of promulgating laws, weigh the interests of all parties, and avoid legal changes. Financing

risk, completion risk, contract risk, and cost risk are the identified "risk results" in the network, which

can easily lead to the failure or termination of PPP projects.
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5.2. Two Risk Factors of PPP Projects that are Influential and Greatly Affected by other Risk Factors

The closeness centrality analysis revealed that delays in government approval, government

decision-making errors, government credit, imperfect legal and regulatory systems, corruption, and

legal changes play important and independent roles in the network of risk factors. Osei-Kyei and

Chan [100] reported that effective risk management, reduced public sector administrative cost, reduced

project life cycle cost, and satisfying the need for public facility and service are criteria that are ranked

higher in Hong Kong and lower in Ghana, and are directly related to efficiencies of cost and service

delivery of PPP projects. Mazouz et al. [101] classified risks under three headings: macroeconomic

risks, sociopolitical risks, and administrative risks, which must be carefully considered and avoided in

the practice of PPP project risk management. Completion risk, insufficient revenue in the market, fee

change, and delay in government approval were found to play an independent and affected role in the

relationship network and are easily restricted by other factors. Doloi [20] also took these factors into

account. Therefore, the focus should be on preventing these factors from affecting other factors and

blocking their impact to the degree possible.

5.3. Chain of Risk Factors Links the Risk Factors Nodes of PPP Projects

According to the influence analysis results, there is a strong link between the reaction

chain of legal change—government credit—contract risk and imperfect legal and regulatory

system—corruption—change in market demand—insufficient revenue in the market. In PPP project

risk management, attention must be paid not only to risk factors with high influence but also to the

effective restriction of strong connections in the risk network and to cutting off the potential for a chain

reaction between risk factors to avoid PPP project failure or suspension.

5.4. Key Bridge Nodes Link PPP Project Risk factor Subgroups in the Network

The cluster analysis results show that the important bridge nodes include legal change, delay in

government approval, imperfect legal and regulatory system, corruption, public objection, financing

risk, completion risk, project uniqueness, government decision-making error, fee change, government

credit, and insufficient revenue in the market, which closely link the risk network. If we sever the

bridges connecting these risk factors, this will reduce the overall network density of the overall network

risk and enhance the security of the PPP project risk network.

There is a close interaction between PPP project risks, which has been neglected in the relevant

literature. Furthermore, the existing research on the interaction of PPP risks lacked consideration of

complexity among risks. Based on this, this study has adopted the SNA method to discuss the risk

factors and their complicated relationship of infrastructure PPP projects. In addition, the method of

SNA can provide a new risk assessment tool for risk management strategies in the field of sustainable

infrastructure development management.

For the direction of our future research, our ideas are as follows: First, increase the number of

experts, expand the scope of research, collect more detailed and extensive relational data, and use

typical cases from China and around the world for more in-depth research. Second, introduce more

PPP project risk accident cases in the study of risk factor relationships and the impact of the risk

factor relationship network on PPP project risk accidents. The degree of influence of the risk factors

of PPP projects on risk accidents should be further clarified by the construction of a more micro and

comprehensive relationship network. Third, further explore the risk network for a specific type of PPP

project (e.g. transportation, healthcare, etc.).
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Appendix A

Table A1. Risk Factor Relation Matrix.

F1 F2 F3 F4 F5 F6 F7 F8 F9 F11 F12 F13 F14 F15 F16 F17 F18 F19 F20

F1 0 1 3 4 2 2 1 1 2 3 2 4 1 1 5 5 4 3 2
F2 3 0 4 4 4 5 2 1 3 3 2 3 2 1 3 4 3 3 3
F3 1 2 0 4 4 3 2 1 3 3 2 2 2 1 3 1 2 3 2
F4 2 2 2 0 4 2 2 1 2 4 3 3 1 1 1 2 3 4 1
F5 3 3 2 2 0 2 1 2 2 3 3 4 2 1 5 1 2 4 3
F6 1 2 3 3 2 0 2 2 4 2 4 3 2 1 3 2 2 4 2
F7 0 1 2 2 2 2 0 3 1 1 2 4 1 0 3 1 1 1 0
F8 2 1 1 2 2 2 5 0 0 2 4 2 1 0 2 0 0 0 0
F9 1 2 2 1 2 2 4 3 0 3 2 4 2 1 2 2 1 3 0

F10 0 2 2 2 1 1 1 1 1 4 1 2 1 1 1 0 1 3 0
F11 1 1 1 2 1 1 1 2 1 0 1 2 1 0 3 1 1 4 0
F12 0 2 2 2 1 0 1 3 0 2 0 4 1 1 3 1 1 2 1
F13 1 1 2 2 2 2 3 4 3 1 3 0 1 1 2 0 0 2 0
F14 0 0 2 1 1 2 3 1 2 4 1 2 0 1 3 3 0 3 2
F15 0 0 0 1 0 0 3 1 1 3 0 1 0 0 2 0 0 3 0
F16 0 0 2 2 2 2 2 1 0 4 1 2 2 0 0 0 0 3 0
F17 1 1 1 1 1 0 3 2 2 3 3 2 0 0 2 0 0 4 0
F18 0 0 1 1 0 0 2 0 0 1 0 2 0 0 0 0 0 4 0
F19 0 0 2 1 2 0 1 0 0 3 0 3 0 0 3 0 0 0 0
F20 0 0 1 1 0 0 4 0 2 3 0 2 1 0 2 1 0 2 0
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