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The pluralism of stakeholders in PPP project for water environmental
governance and the complex interrelationship among stakeholders are the
important factors affecting social stability risk. Previous studies have mainly
focused on risk identification and assessment. We aim to investigate the key
social risks of PPP project for water environmental governance, to understand
which social risks stakeholders are concerned about, and what interactions
they follow. First, relevant risks and their interrelationships were investigated
through a literature review and interviews. Second, the key social stability
risks were identified based on social network analysis. Third, strategies were
proposed to mitigate the social stability risks. The results show that government
corruption, government intervention risk, approved risk, poor contract design
risk price change and policy and regulation risk are the key risks with the
highest in/out-degree, centrality and ego network size. Four core stakeholder
groups (i.e.,, government, contractors, project companies, and the public
and the media) and four core challenges (i.e., difficulties in financing, lack of
mass incidents prevention mechanism, incomplete project schedule control
system and improper handling of benefit compensation issues) have intensive
relationships. We concluded that controlling the complicated relationships
among four core stakeholder groups can reduce the social stability risks. The
social network analysis framework combining stakeholder management and
risk management provides a reference for the management of PPP projects
for water environmental governance.
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1. Introduction

As an important task to protect the ecological environment
and promote the national economy, water environmental
governance has attracted great attention from the government and
society (Xue and Wang, 2020), and the Public-Private Partnerships
(PPP) water governance is widely used (Li et al., 2019). On the one
hand, the comprehensive water environmental governance
projects under the PPP mode can introduce social capital and
relieve the government’s financial pressure; on the other hand,
such projects can improve governance efficiency and give play to
the professional technical level of social capital in water
environment problems and its relative advantages of operation
and management (Xue and Wang, 2020). However, after years of
engineering practice, these projects have also revealed some
problems. Under the current model, the situation of “emphasizing
construction and neglecting supervision” is prominent, lacking
effective management and overall coordination. Mechanisms,
there has been a trend of low project returns and the gradual
mechanization of governance standards (Xu et al., 2010). This
trend may cause some problems, such as damage to public
interests (Effah Ameyaw and Chan, 2013; Li et al., 2020),
low-quality water supply service, ecological safety problems (Li
et al., 2020), tremendous project cost (Xue and Wang, 2020),
sewage not fully treated (Xue and Wang, 2020), and long project
period (An et al,, 2018). Thus, in the recent development of the
PPP project for water environmental governance, the conflicts
between stakeholders have become more prominent, which will
eventually cause social risks and have an extremely negative
impact on these projects.

The research aims to explore key risk factors for social stability
and their connections in PPP project for water environmental
governance, and to find out the stakeholders who are concerned
about these risks. The questions include: what risk factors play a
key role, what are the connections between them, and who are the
stakeholders concerned about these risks? Traditionally, these
problems are solved through separate stakeholder analysis and
social stability risk analysis (Yang et al, 2011). Given the
complexity of such projects, they often involve many stakeholders
such as the government, project companies, the public, and the
media (Li et al., 2020). Social risks are not only closely associated
with construction personnel working in such projects, but also
closely related to other stakeholders (Griinebaum and Bode,
2004). He et al. (2018) and Wang et al. (2020) proposed a
stakeholder-associated risk analysis (SNA-SARA) based on social
network analysis (SNA) to analyze project risk factors. The main
reason for these social risks is the complexity and uncertainty of
PPP project for water environmental governance, which leads to
complex relationships among various departments and conflicts
between stakeholders (Li et al., 2020). Therefore, in China and
even in the world, the social risks of PPP project for water
environmental governance are getting more and more attention.
The focus of the attention concerns the identification, evaluation
and management of social risks (Ait-Mouheb et al., 2018; Li et al.,
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2019). In China, social risks are playing an increasingly significant
role in project success, which poses a challenge to the social
consequences of PPP projects for water environment governance
under the influence of different stakeholders (Xue and Wang,
2020). However, there are few studies on the social risks of these
projects, of which characteristics are different from those
traditional risks (for example, cost overruns and quality issues).
Such social risks are closely associated with stakeholders and are
oriented to large-scale groups and highly dynamic processes
(Yuan et al.,, 2018). Conventional risk analysis, including risk
identification and assessment on the basis of systems engineering
viewpoints, cannot be fully applied to identify issues associated
with social risks (Yang and Zou, 2014; Yuan et al., 2018).

We combine classic qualitative stakeholder and social stability
risk analysis based on interviews and literature reviews with more
quantitative and rigorous social network analysis through
investigations, so as to improve the SNA method and promote the
social stability risk management of PPP project for water
environmental governance. The complex relationship between
different stakeholders is the main reason for social risks. Therefore,
we hope to identify relevant stakeholders in detail, analyze the
relationship between these stakeholders, and identify potential
social risks to solve the above research problems in this paper. In
terms of methods, we hope that by improving traditional social
network analysis, we can combine stakeholders and social stability
risks to analyze the links between them (by improving traditional
social network analysis), so as to overcome the shortcomings of
traditional methods. Although the results of this study have
certain limitations, our results can prompt stakeholders to take
effective measures to reduce project risks, and provide a
framework for targeted prevention and response to social
stability risks.

The following section describes the theoretical background,
including research on social stability risk management and
stakeholders of water environment governance projects and social
network analysis theory and its applications. The research
methodology is explained. This is followed by the analysis results
at the analysis of network level, node level and link level. The
paper is concluded with a discussion and the conclusions.

2. Theoretical background

2.1. Research on social stability risk
management of water environment
governance projects

Over the years, some previous studies were highly concerned
with the risk management of construction projects, including risks
relevant to quality, safety incidents or environmental protection
(Xu et al., 2010; Fuertes et al., 2013; Shakeri et al., 2015). However,
in the past two decades, due to the sustainable development
requirements for the environment, ecology, and the relationship
between stakeholders and surrounding communities, the social
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goals of projects are more closely related to local residents, the
public or the government (Zorrilla et al., 2009; Sun et al., 2020).
Therefore, the social impact of a project has become increasingly
important, and more attention has been paid to improving the
social impacts and reducing negative effects (Haldar et al., 2021;
Lu et al., 2021). Moreover, as Delmon (2000) and Xu et al. (2010)
pointed out, social risks will affect project results so significantly
that they should be handled with caution.

The social risks of water environment treatment projects are
likely to cause social instability. Hu et al. (2013) indicated that the
social risks of engineering projects mostly refer to the risks of
conflicts between decision makers and affected stakeholders that
affect social stability due to the different reactions of stakeholders
to specific issues. Xu et al. (2010) put forward policy
recommendations for preventing and mitigating the consequences
of social risk events based on the research on the social risk
management of infrastructure projects. Previous researches have
mainly focused on the identification, evaluation and management
of project social risk factors. Social risks are mainly divided into
five categories in these studies, namely, compensation for the
benefits of the affected people, risks of land acquisition and house
demolition (An et al., 2018), and secondary environmental
pollution (nutrition of reclaimed water) (Toze, 2006), technical
issues (Effah Ameyaw and Chan, 2013), labor issues and other
issues (including the form of project outsourcing, the choice of
private partnerships) (Xu et al., 2010; Shakeri et al., 2015; Li
et al., 2020).

Traditional risk analysis methods have been used in former
studies on the risks of PPP project for water environmental
governance. According to Kasperson et al. (1988), risks may
expand from direct consequences to indirect consequences
because of the spread of behavioral reactions to other stakeholder
groups. Risk data can be organized and structured based on risk
breakdown structure (RBS) to provide the standard risk statement,
which is helpful for understanding, communication and
management in traditional risk analysis (Cagliano et al., 2015).
However, social risks in any environment, including company
management, construction management and public management,
must be changed. Because changes in social risks are not linear,
but intricate relationships with various stakeholders, which will
inevitably lead to the proliferation and amplification of social
risks. Hence, when we attempt to classify social risks into different
aspects, many details relevant to social risks will be ignored
(Zavaleta et al,, 2017). Just as Boyd et al. (1993) described social
risk as the possibility of causing social conflicts, and these conflicts
will threaten social stability and social order, and may eventually
result in social crises. In addition, large construction items will
involve economic, environmental, cultural, political, religious and
many other factors. Therefore, the social issues involved in large-
scale construction projects are actually interdependent and closely
related to other systems (Wang et al., 2016). Thus, social risks in
PPP project for water environmental governance can be further
defined as any loss, conflict or instability that may be caused by
specific issues in PPP project for water environmental governance
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(e.g., investment, policy, or decision), the response of relevant
stakeholders who face negative impacts due to specific issues in
PPP project for water environmental governance (Starkl et al,
2015; Li et al., 2020).

However, there are few studies that pay attention to the social
risks of PPP projects for water environmental. With the
development of industrialization, many rivers globally are polluted
by domestic emissions and industrial production emissions,
especially the latter. Water pollution seriously hinders the
sustainable development of society (Xue and Wang, 2020;
Montwedi et al., 2021). As PPP project for water environmental
governance involve multiple stakeholders, the construction
process may cause a number of social risks. Therefore, if such a
PPP project cannot be effectively managed, it will have a negative
social impact on various external stakeholders, and also a negative
impact on the sustainability and other aspects of agricultural
irrigation, human health, society, economy and the environment
(Toze, 2006; Xue and Wang, 2020; Montwedi et al., 2021).

2.2. Research on stakeholders of water
environment governance projects

Freeman (1984) exclusively regards stakeholders as groups or
individuals that have influence on the achievement of the
organizations goals or the progress of group goals, or may
be affected by the achievement and progress of organizational
goals. Freeman (2015) pointed out that the stakeholder approach
can influence the organization’s groups and individuals, and is
directed at the management actions taken against these groups
and individuals.

Many scholars have put forward the definition of stakeholders
from different perspectives on the basis of the definition of
stakeholders proposed by Freeman (1984), which has enriched the
theory of stakeholders. Bryson (1995) treated stakeholders as
individuals or groups who have rights to output of the organization
and the resources and are deeply affected by the output of the
organization. From the perspective of individual stakeholders,
Project Management Institute and Project Management Institute
(1996) further defined stakeholders as “individuals and
organizations who actively participate in the project, or whose
interests may be positively or negatively affected as a result of
project execution or successful project completion.” Therefore, the
influence of stakeholders is crucial to the projects’ construction
(Williams, 2016). Just as Starkl et al. (2015) and Olander and
Landin (2005) put forward, the passive attitude of stakeholders
towards a construction project will seriously hinder the project
execution, which will lead to costs overrun.

The management of stakeholder in construction projects
frequently includes or partly includes identifying stakeholders,
collecting stakeholder information, determining stakeholder
tasks, advantages and disadvantages, and implementing strategies
(Bourne and Walker, 2006; Jepsen and Eskerod, 2009). Stakeholder
management in construction projects usually includes or partly
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includes, firstly, identifying stakeholders, collecting stakeholder
information, and then determining stakeholder tasks, advantages
and disadvantages, stakeholder strategies, and predicting the
behavior of stakeholders and implement stakeholder management
strategies. Of late years, in order to solve the challenges arising
from the increasingly complex engineering environment from the
perspectives of technology, politics, economy, ecology and society,
stakeholder-related research has concentrated on exhaustive
stakeholder management analysis of construction projects,
including the key success factors of stakeholder management,
stakeholder-related risk analysis and social network analysis of
project stakeholders (Mok et al., 2017; Yuan et al., 2018; Wang
etal, 2020). As illustrated by Lu et al. (2021) and Li et al. (2020),
the adverse impact on the stakeholders of a construction project,
will cause social issues and may affect the project execution.
Therefore, further stakeholder impact analysis should be carried
out to reduce social risks.

2.3. Social network analysis: A new
perspective for solving project risks

Social network analysis (SNA) (Schnaiberg, 1980) first
appeared in the 1930s and is a quantitative analysis method
(Moreno, 1934; Lewin, 1976). The theory of strong-weak relations
(Granovetter, 1973), structural hole theory (Reingen and Burt,
1994) and social capital theory (Bourdieu, 1987) are three
theoretical branches, which has been extensively used in many
areas, including sociology, psychology, economics, and the
management of business and organization (Cadger et al., 2016; He
etal., 2018; Yuan et al., 2018; Wang et al., 2020).

Thus, the use of social network technology can completely
describe and analyze the relationship between project entities.
Liang et al. (2017) put forward a SNA model to explore the
influence of stakeholders on the success of the project. For now,
scholars can divide the SNA research on project management into
two categories according to the node type. The first, using human
objects as network nodes to analyze the relationship between
project stakeholders (Wambeke et al., 2012; Lin, 2015). The
second is to take non-human objects in a project as nodes to
analyze the relationship between them (Eusgeld et al., 2009; Zhang
etal, 2015). Some scholars use SNA to study project risks based
on the complex relationships between stakeholders. Sun et al.
(2020) used a collaborative model to construct the MWS network,
and used SNA to study the network characteristics of 10 provinces
in the Yangtze River Economic Belt. Traditional SNA emphasizes
the relationship between different stakeholders and analyzes
different stakeholders’ influence. However, this approach cannot
further explore the way in which these stakeholders are
interdependent. Yuan et al. (2018) through continuous
experimentation and summary when exploring the social risks in
high-density urban construction projects, a more complete social
risk analysis theory was proposed. Considering the relationship
between the stakeholders of large-scale water conservancy
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projects and their risk connections, the improved SNA identified
the key risk factors and proposed solutions accordingly (He et al.,
2018). Wang et al. (2020) and others improved the SNA
methodology by exploring obstacles to the spread of agricultural
green technologies.

In our case, the SNA allows us to link risk factors with their
related stakeholders, so that we can further quantify the interplay
of these risk factors. Insights from SNA can be fed back into social
stability risk analysis. To answer the question of whether risk
factors considered important by others are integrated into the core
or the periphery of the analysis process, SNA results are used to
provide information for social stability risk analysis (He et al.,
2018). It illustrates how connection analysis of stakeholders and
their risk support the social network each other, and improves the
SNA method proposed by Yuan et al. (2018), that is, stakeholder
analysis can be improved by combining the systematic approach
and social actors.

3. Materials and methods

In the past, traditional social stability risk management
research usually followed the framework of risk identification,
assessment, analysis and response, which could effectively identify
and quantify risks and propose countermeasures. Compared with
the traditional research, SNA on social stability risk management
pays more attention to measuring the relationship between risk
factors rather than the influence degree of individual factors, and
its whole network system consists of (1) nodes and (2) relationship
chains (Zhang and Zhang, 2019).

1. Nodes. Refer to functional individuals in social network,
including individuals, units and groups. In the field of
social network research, any social unit, social entity or
functional individual can be regarded as a node or an actor
(Zhu, 2009). In PPP project for water environmental
governance, the actors can be all relevant stakeholders.

2. Relationship links. Used to depict relational data, data
about contact, connection, association, group attachment
and gathering, etc. These data connect one actor with
another. Points connected by a line are generally said to
be “adjacent” to each other, and adjacency is a graph-
theoretic expression of the fact that the actors represented
by two points are directly related. Social relations can
be directed or undirected. Meanwhile, social relations can
be one-dimensional or multi-dimensional (Zhang and
Zhang, 2019). In the projects studied in this paper, such
relations can be agreement or contract relationship, leading
and controlling relationship, information interaction
relationship and so on.

By combining traditional social stability risk management

with SNA, a SNA model for social stability risk management of the
water environment governance projects is proposed (Figure 1).
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FIGURE 1
Research methodology framework

In SNA, network nodes and relationship links need to
be identified. This paper needs to solve three problems: (1)
How to determine the stakeholders of PPP project for water
environmental governance? (2) How to identify the risk factors
concerned by various stakeholders? (3) What is the
relationship between the risks concerned by various
stakeholders?

3.1. Identification of the stakeholders and
the social stability risks

First of all, identify the stakeholders of a project. In this paper,
the snowball method was used to identify stakeholders. Based on
extensive reference to relevant literature, combined with the
project environment, this paper defined the boundaries of
stakeholders closely associated with the social stability of the
project, and relied on the practical experience of industry experts
and practitioners to determine the stakeholders with great
influence. And such experts and practitioners helped us to adjust
and improve the list of stakeholders. Finally, six related
stakeholders were identified: the government, intermediary,
investor, project company, contractor, the public and the media.
Table 1 shows the six stakeholders of a PPP project for water
environmental governance, numbered Si (i=1 to 6).

The social stability risk factors of each stakeholder are
identified in the second step. Firstly, a list of social stability risk
factors of water environmental governance projects was selected
through literature reading. Then based on these two aspects, (1)
the roles and responsibilities of stakeholders; and (2) risk factors
concerned by stakeholders, the uncertain and contradictory
options were discussed again, the repeated and similar options
were merged or eliminated to reach a consensus, and finally fed
back to the interviewers for revision. Thirty-six social stability risk
factors (Table 2) concerned by 6 stakeholder groups were obtained
and coded as SiR;.
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3.2. Assessment of risk relations

The next step is to identify the influence and relationship
between risks. Through the questionnaire survey of industry
experts and employees, the relationship between risk factors was
determined. In the questionnaire, respondents needed to clarify
the influencer and the affected side, then answer whether there is
an influence between risk factors, and finally quantify the
relationship between risk factors. Each interviewee needs to use
the LiKert scale to quantify the influence between risk factors
(where “5” represents the highest standard and “1” represents the
lowest standard), answering the possibility and intensity of the
influence between risk factors, and multiplying these two answers
to obtain the final value of the influence. The risk transmission
process and the division of risk relationship attributes were made
clear by using the Ucinet to analyze the obtained data. Since all the
interviewees in this article come from the management and
construction departments of water environmental governance
projects, they have a great deal of experience and profound
understanding of the social stability risk management of PPP
project for water environmental governance. Therefore, the risk
factors they identified are credible.

3.3. Construction and analysis of SNA
model

The focus of SNA in this paper is mainly on the analysis of the
entire network and network nodes. Firstly, the network was
visualized and analyzed, and the collected questionnaire data were
converted into adjacency matrix, and then the adjacency matrix
was input into Ucinet to form a visual network diagram. Then the
network density, network cohesion and average distance were
measured. In addition, three measurement indexes about the
network structure hole were obtained by using the software,
namely effective size, efficiency and constraint. In addition,
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TABLE 1 Stakeholders' list.

10.3389/fevo.2022.1022383

Stakeholder Stakeholder description Number of risk factors
S1: The government Government agencies where largefscale water conservancy projects are located 11
S2: Intermediary Bank financial intermediaries and non-bank financial intermediaries, including commercial banks, 3

security companies, insurance companies and information consulting service providers.

S3: Investor

and finance funds in financial transactions.

Refer to the natural and legal persons who invest cash or other assets with the expectation of 3
obtaining benefits or profits, including shareholders, creditors and stakeholders of a company. In the

financial market, investors include all individuals and institutions that buy financial instruments

S4: Project company

fund raising, construction and operation.

The responsible party of a large-scale water conservancy project, responsible for project planning, 9

large-scale water conservancy projects.

S5: Contractor Enterprises directly constructing large-scale water conservancy projects (employed by project 6
companies)
S6: The public and media | Residents who need to move to other places due to large-scale water conservancy projects, residents 4

living near large-scale water conservancy projects, ordinary people and media organizations caring

we also measured in/out-degree, ego network size, and node
betweenness centrality at the node level, and finally measured the
link betweenness centrality at the link level. The meanings and
calculation methods of all indicators are in accordance with Yang
etal. (2016) and Mok et al. (2017).

We analyzed the results of social network indicators. Through
the analysis of these indicators, we could more clearly observe the
key risk types in the project, the characteristics and distribution
of each risk type, and the distribution and degree of risk contagion,
and put forward targeted risk response strategies.

4. Results
4.1. Network level analysis

According to the visual network diagram, the social stability
risk impact network of water environmental governance projects
has 36 nodes and 179 links. According to Figure 2, the colors and
shapes of different nodes indicate different types of stakeholder
groups related to social stability risks. A line between the two
nodes represents interaction, and an arrow pointing from SiRj to
SmRn represents that SiRj has an effect on SmRn. The thickness
of the line connecting two risks represents the degree of impact.
The risk factors with large interaction occupy the center of the
network, while the risks with small interaction are located at the
edge of the network. All social stability risks are interdependent
and interactional. Figure 2 intuitively reflects the complexity of
social stability risk management of PPP project for water
environmental governance. Most of the nodes in the center of the
network are circular, which shows that the government occupies
a pivotal position in the social stability risk network. Down
triangle nodes are distributed both near the center and at the
boundary of the network, which shows that some related risks of
the project company have a great influence on other risks. The
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above two stakeholder group nodes mainly occupy the center of
the network, and the links between nodes occupy most of the
network, which shows that in the PPP project for water
environmental governance, the government and the project
company are direct participants in the project, paying close
attention to the interests and risks of the project and having the
responsibility to control the possible risks of the project.

The overall situation of the network was quantified by
calculating the network density, and the density of social risk
network is 0.374, which indicates that the social stability risk
network of PPP project for water environmental governance has
high density and the relationship between various risks is complex.
In addition, the network cohesion is 0.946, which indicates that
risks can contact and relate to other risks. Once there is a risk, all
stakeholders of PPP project for water environmental governance
may be involved. And the average distance of the risk network is
2.304 walks. What we can learn from the above results is that the
network is dense with concentrated nodes and a complex risk
network structure.

4.2. Node level analysis

4.2.1. In/out-degree analysis of social stability
risk network

The out-degree analysis can reflect the influencing ability of
nodes. The connection strength between nodes is out-degree, and
the out-degree of a point indicates the total number of points
directly pointed by such point. The large out-degree of a point
suggests that this point has a great influence on other risks. The
results of the node-level analysis are shown in Figure 3, where the
table contains the top 10 nodes for each index. This article focuses
on the first three nodes of each indicator, which are regarded as
the important social stability risk factors of PPP projects water for
environmental governance. As shown in Figure 3, 10 key social
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TABLE 2 Social risk factors’ list.

10.3389/fevo.2022.1022383

Code Social risk factors Description of social risk factors

R1 Government intervention risk Project expenditure exceeding the government budget cause the government to take measures to
intervene in the project.

R2 Approved risk Untimely project approval delays the progress of the project.

R3 Nationalization/expropriation Land nationalization cause losses to surrounding residents

R4 Inadequate law and supervision system Inadequate supervision has led to various illegal activities, such as construction, demolition or
violent activities during construction without approval or permission of the project, etc.

R5 Government corruption Environmental pollution and ecological impact exceeding government expectations lead to
bribery of government officials

R6 Tax risk Failure to plan a tax plan increase project costs

R7 Policy and regulation risk Changes in related policies, laws and regulations put higher requirements on the project

R8 Government credit risk The information released by the government is incomplete and untimely, and even conceals and
deceives the public, which damages the image of the government and causes the loss of
government credibility

R9 Land Occupation/Housing Demolition Forcibly demolished and occupied land, compensation for land acquisition is unreasonable or
non-negotiable

R10 Water pricing and tariff review uncertainty Failure to pass the water price and tax review delay the project

R11 Social stability risk Social disorder and turbulence cause the project to be delayed

R12 Interest rate risk Interest rate changes increase financing costs

R13 Inflation risk Inflation increases the cost of the project

R14 Natural disaster Natural disasters such as heavy rains, mudslides, and other environmental factors slow down the
progress of the project

R15 Faulty demand forecasting Making the wrong demand forecast cause environmental pollution

R16 Inadequate competition for tender Insufficient bidding competition led to poor project quality

R17 Change in market demand Changes in market demand increase project construction costs

R18 Delay in project approvals and permits Untimely approval and imperfect approval of contracts increase project costs

imperfect contract

R19 Poor public decision—making process Inadequate public decision-making procedures slow down the completion of the project

R20 Poor contract design risk Unreasonable contract design cause loss of profits

R21 Financing risk Slow financing speed and insufficient funds affect the progress of the project

R22 Construction cost overrun risk Costs exceeding the government budget cause funding problems

R23 Engineering quality risk Project quality that does not meet the standard cause safety problems and environmental
pollution

R24 Quasi-commercial risk Insufficient or late supply of materials increases costs

R25 Procurement risk The shortage of purchased engineering materials delayed the completion of the project

R26 Insufficient operator performance Insufficient capabilities and inexperience of operating personnel cause losses

R27 Completion risk Failure to complete the project within the prescribed time period caused cost overruns and other
losses

R28 Design & construction deficiencies These inappropriate design and construction decisions may cause serious social problems, such
as environmental pollution and traffic congestion, etc.

R29 Technical risk Water treatment technology that does not meet the standards lead to problems such as
insignificant governance effects and secondary pollution

R30 Project/Operation changes Project changes increase project costs and extend completion time

R31 Climate change risk Climate change cause natural disasters and delay the project

R32 Unforeseen weather/geotechnical conditions Unpredictable weather or geological conditions cause safety issues and environmental pollution
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TABLE 2 (Continued)
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Code Social risk factors Description of social risk factors

R33 Public opinion risk Rumors or slanders about environmental pollution, radiation, blasting, safety hazards, etc. will
cause fear and panic among the public

R34 Secondary pollution risk Secondary pollution of ecological balance, water quality, air quality and other environment

R35 Lack of supporting infrastructure Imperfect infrastructure reduces the effectiveness of governance

R36 Price change Rising prices increase the economic burden of the people

stability risk factors are SIR5 (Government correlation), SIR1
(Government intervention risk), S4R20 (Poor contract design
risk), SIR8 (Government credit risk), SIR11 (Social stability risk),
S6R36 (Price change), SIR9 (Land acquisition), SIR10 (Water
pricing and tariff review uncertainty), SIR7 (Policy and regulation
risk), and S5R29 (Technical risk). The interaction between these
key nodes and many adjacent nodes is great, leading to the higher
possibility of other social stability risks of PPP project for water
environmental governance.

In-degree indicates the total number directly pointing to the
point. If the in-degree of a risk is large, it indicates that the risk is
easily affected by other risks. Figure 4 shows the top 10 risks of
in-degree and the degrees. SIR2 (Approved risk), S1RI
(Government intervention risk), SIR9 (Land acquisition), SIR8
(Government credit risk), S6R36 (Price change), S6R33 (Public
risk), SIR5 S4R23
(Engineering quality risk), S4R22 (Construction cost overrun
risk) and S1R6 (Tax risk) are the top 10 risk factors, which are
greatly affected and are more easily affected by other risks.

opinion (Government corruption),

4.2.2. Centrality analysis of social stability risk
network

The centrality analysis of social stability risk network of PPP
project for water environmental governance was carried out.
Table 3 lists the top 10 risks of betweenness centrality and
neighbor centrality and their respective analysis results. If a node
is on the shortcut (the shortest path) of many other pairs of points,
such point has a higher betweenness centrality. The closer a node
is to other nodes, the higher the closeness centrality it has. It can
be seen from Table 3 that the top three risks in terms of
betweenness centrality are S1IR1 (Government intervention risk),
S1R5 (Government corruption) and S6R36 (Price change). The
top three risks in terms of closeness centrality are SIRI
(Government interval risk), SIR8 (Government credit risk) and
S1R2 (Approved risk), which shows that these risks are closely
associated with other risks and are in a critical position in the
network. These risks mainly come from the government, which
shows that government departments play a significant part in
solving risks and deserve attention. The remaining risks come
from the project company, the contractor, the public and the
media, which shows that these three groups of stakeholders can
also have an impact on solving the risks.

It can be seen that the PPP projects for water environmental
governance involve many kinds of stakeholder groups, and each
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stakeholder group and the risks it pays attention to have a certain
degree of importance. Among them, the government, the project
company, the contractor, the public and the media all have an
important influence on the social stability risk.

4.2.3. Ego network size analysis of social
stability risk network

Ego network size refers to the number of risks that have a
direct partnership with a risk. Table 4 shows the top 10 risk factors
in terms of ego network size of risk network and their
corresponding analysis results. The maximum ego network size of
S1R1 (Government intervention risk) is 22, and that of S1R5
(Government correlation), SIR2 (Approved risk) and SIR7 (Policy
and regulation risk) are all 18. These four risks are related to the
government as a stakeholder group, and there are as many as eight
social stability risks related to the government among the top 10,
which indicates the importance of the government.

4.2.4. Structural hole analysis of the social
stability risk network

By measuring the structural hole of the network, we can
identify the risks that have a great influence on other unrelated
risks in the network. Effective size can be used to measure the
overall influence of nodes, and to some extent, quantitatively
measure the importance of structural hole nodes. It reflects the
control degree of a specific risk to the relationship between other
risks. The larger the effective size of nodes, the higher the control
degree and the freer the action. The influence of nodes on other
related nodes in the network can be described through efficiency.
The higher the efficiency of a node, the greater its control effect.
When a particular risk is related to other risks, the aggregate
constraint of the structural hole reflects the constraint on closure.
The greater the value of set constraints, the greater the limitation
on closure.

As shown in Figure 5, Y-axis values are the result of
measuring structural holes through effective size, efficiency, and
aggregate constraints. Obviously, the efficiency of network
structure holes is consistent with the distribution of effective
size, but negatively correlated with aggregate constraint. In the
risk network, S5R32
conditions), S4R26 (Insufficient operator performance), S4R25
(Procedure risk), S3R17 (Change in market demand) and S3R16
(Inadequate competition for tender) are weaker risks in the

(Unforested weather/geotechnical

network, and their effective size and efficiency are lower, while
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FIGURE 2
Stakeholder-related risk factor network.
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FIGURE 3
Top 10 social stability risk factors by out-degree.

the aggregate constraint is higher. This means that its
controllability is relatively low, its role in the network is weak,
and due to the constraints of 31 other risks, S5R32 (Unforeseen
weather/geotechnical conditions), S4R26 (Insufficient operator
performance), S4R25 (Procurement risk), S3R17 (Change in
market demand) and S3R16 (Inadequate competition for tender)
do not play a key role in controlling risks. SIR5 (Government
correlation), S4R20 (Poor contract design risk), S5R29
(Technical risk), SIR7 (Policy and regulation risk) and S6R36
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(Price change) are strong risks, and their high effective size and
efficiency show relatively high controllability. Also, their
aggregate constraints are relatively low, and they can constrain
other risks, indicating that they play a strong part in the
risk network.

This research focuses on the first three nodes of every
indicator, which are regarded as important risk factors in the PPP
project for water environmental governance. To sum up, six key
are SIR5 (Government corruption), S1RI
(Government intervention risk), SIR2 (Approved risk), S4R20
(Poor contract design risk), S6R36 (Price change) and S1R7
(Policy and regulation risk), which have great interaction with

risk factors

many other neighboring nodes, thereby influencing the risks of
the PPP project for water environmental governance.

4.3. Link level analysis

At this level, we analyzed the importance of the whole
network interaction by calculating the betweenness centrality of
risk links. The larger the calculated value, the more important
the relationship is. In this paper, the betweenness centrality
results of 179 links were analyzed, and we found that the value
of 30 was the tipping point. Thence, we chose links with a value
exceeding 30, and combined the 6 key nodes identified above to
finally select 10 key links from 179 interactions, as shown in
Table 5. These 10 links are regarded as critical links of the
engineering risk network of PPP project for water
environmental governance.
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Top 10 social stability risk factors by in-degree.

TABLE 3 Centrality of nodes in the stakeholder-risk network.

Rank Risk BC Rank Risk EC
ID ID
1 S1R1 23.367 1 S1R1 0.372
2 SIR5 13.79 2 SIR8 0.319
3 S6R36 9.74 3 SIR2 0.312
4 S1R10 7.861 4 S1R5 0.304
5 S4R20 7.353 5 SIR9 0.268
6 SIR7 5.41 6 S6R33 0.25
7 S1R9 4.714 7 S1R11 0.235
8 S5R29 4.704 8 S6R36 0.217
9 S4R22 4.344 9 SIR10 0.209
10 S5R30 3.596 10 SIR7 0.201

BC=betweenness centrality and EC = eigenvector centrality.

According to the SNA results, the next step is to analyze
critical risk factors and critical interactions in depth, so as to
comprehend its practical significance and find out the key
problems. As shown in Table 4, the 10 key interactions can
be grouped in the light of their practical significance. For
instance, SIR1 — S1R5, S1R1 — S1R7, S6R34 — S1R1 describe
the government intervention issues concerned by stakeholders
in the process of project construction. Therefore, so as to
identify the critical issues of the social stability risk
management of PPP project for water environmental
governance, we finally summarized four key issues based on
the grouping criteria: (1) Project construction funds; (2)
Problems that may lead to mass incidents in the project; (3)
The time limit of the project; and (4) Compensation for the
interests of the affected persons.
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5. Discussion and conclusion

5.1. Multiple relationships lead to social
risks

As stated above, social risks may occur because relevant
stakeholders may identify the vulnerability of a project
according to relevant policies, public opinions or social issues
such as environment issues. As a result, the project
organization may face tremendous pressure when it wants to
make adjustments to its internal and external relationships.
According to the investigation results, there are 11 risk events
related to the government, 3 related to intermediary
institutions, 3 related to investors, 9 related to project
companies, 6 related to contractors, and 4 related to the public
and media. The analysis of social key links shows that SIR5
(Government corruption), SIR1 (Government intervention
risk), SIR2 (Approved risk), S4R20 (Poor contract design
risk), S6R36 (Price change) and S1R7 (Policy and regulation
risk) are the key risks in the social problems of PPP project for
water environmental management. In the direct impact
analysis of social networks, the in-degree and out-degree
results of thel-mode network show that SIR5 (Government
corruption), SIR1 (Government intervention risk), S4R20
(Poor contract design risk), SIR8 (Government credit risk),
S1R9 (Land acquisition) and SIR11 (Social stability risk) are
close to the network center, with high risk, power or influence,
and should be paid attention to. In the indirect impact analysis
of social networks, the top 10 risks of betweenness centrality,
eigenvector centrality and ego network size mainly come from
the government, which indicates that the government is the
most important stakeholder in the PPP project of water
environmental management. At the same time, project
companies, contractors, the public and media all have great
influence on the risk of social stability. In the 1-mode network,
SIR5 (Government corruption) and S1R1 (Government
intervention risk) have comparatively high centrality, which
are extremely protruding contradictions in the construction
project. Obviously, the degree of environmental pollution and
ecological impact exceeds the government’s expectation,
which leads to the project expenditure exceeding the
government budget, thus affecting the project. Furthermore,
as the density of the population near the construction project
increases, the impact of the environmental pollution will also
increase. In this case, SIR5 and SIR1 may have a direct and
negative impact on the daily life of people around them.
Therefore, in order to safeguard their interests or vent their
dissatisfaction, it may lead to conflicting events. In addition,
from the analysis results of effective scale and efficiency, SIR5
(Government corruption), S4R20 (Poor contract design risk),
S5R29 (Technical risk), SIR7 (Policy and regulation risk),
S6R36 (Price change) and S1R10 (Water pricing and tariff
review uncertainty) are strong risks, which can restrain other
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risks, indicating that they are of importance in the
risk network.

Social risks often involve human rights, labor rights, and
ecological sustainability. Therefore, turning a deaf ear to the
of stakeholders
relationships, the reputation of stakeholders is likely to
be damaged (Yuan et al., 2018; Xue and Wang, 2020; Montwedi
et al,, 2021). Therefore, the government, project companies,

requirements or numerous complex

contractors, the public and the media are important
stakeholders in the PPP project for water environmental
governance in China. In most PPP projects for water
environmental management, residents and contractors will
conflict especially because of environmental pollution, noise,
traffic congestion, land problems, etc.

TABLE 4 Top 10 social stability risk factors by link betweenness
centrality.

10.3389/fevo.2022.1022383

5.2. Four challenges faced By PPP project
for water environmental governance and
suggestions accordingly

Through the analysis of four key issues, this article proposes
four strategies for managing social stability risks.

5.2.1. Establish a multi-channel project
financing system

The major invest mode of water environmental governance
projects in China is the governments free subsidy for the moment.
The financing through capital market is relatively easy, primarily
including borrowing and issuing bonds by financial institutions.
These methods have minor shortcomings, such as complicated
procedures and slow payment. Due to the characteristics of long
operation time and mismatched input-output ratio, a water
environmental governance project is subject to both public and
economic interests, and financial institutions are unwilling to

Rank Link code Link betweenness compensate for investment without government.
centrality To solve the funding problem of a water environmental
1 SIR1— S6R36 53.94 governance project, we should first enhance the environment of
2 SIR1— SIR5 53.25 invest, increase the proportion of water environmental governance
; SIR2 - SIRI 19.09 project investment in the governments public budget, and
increase the source of funds. Secondly, we should make full use of
4 S$4R20— SIRS 44328 . . . )
several methods such as issuing bonds and bills to raise funds in
> S4R22 5636 39533 the financial market. The government can give financial
6 SIR9—SIR5 36.707 institutions encouragement to invest in such projects through the
7 SIR1—SIR7 35.986 formulation of policies and fiscal motivations. Thirdly, we should
8 SIR5 - S3R15 34006 strengthen public-private partnership and exploiting a variety of
invest models. For example, establishing Public-Private
9 S6R34 — SIR1 33.705 i ) )
Partnership (PPP), Build-Operate-Transfer (BOT), Build-Transfer
10 SIR2 = S5R27 31833 (BT), etc. Moreover, the government should also vigorously
18
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Structural holes for the risk network.
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TABLE 5 Major issues and key interactions.

Major problems Key interaction

Links description

10.3389/fevo.2022.1022383

Funding problem of project S1R1—SIR5 The environmental pollution and ecological impact exceeding the government’s expectation may cause the
construction project expenditure to exceed the government budget
S1R1— S1R7 The revision of relevant laws and regulations may cause the project expenditure to exceed the government
budget
S6R34 — S1R1 Public and media attention to secondary pollution may cause the project expenditure to exceed the
government budget
Problems that may lead to S1R5— S3R15 The wrong demand forecast made by the investor may cause environmental pollution and ecological
mass incidents in the project impact beyond the government’s expectations
S1R9 — SIR5 Unreasonable transfer of land use rights may cause environmental pollution and ecological impact
exceeding the government’s expectations
S4R20 — S1R5 Unreasonable contract design of the project company may cause environmental pollution and ecological
impact exceeding the government’s expectations
Time limit of the project S1R2 — S5R27 The contractor’s failure to complete the project on time may lead to failure to deliver the project as required
by the government
S1R2 - SIR1 The contractor’s failure to complete the project on time may cause the project expenditure to exceed the
government budget
Compensation for the S1R1— S6R36 Project expenditure exceeding the government budget may lead to higher prices for the public
interests of the affected S4R22 — S6R36 The project company’s construction expenditure exceeding expectations may lead to higher prices for the
persons public

develop asset securitization and integrate large assets to absorb
social capital.

5.2.2. Establish an effective prevention
mechanism for mass incidents

Conflicts of interest will inevitably arise in water
environmental governance projects. Mass incidents will occur
when these conflicts are not well handled. The outbreak of mass
incidents will not only directly affect the project construction, but
also destroy public order, threaten social security and stability, and
cause incalculable indirect economic losses. Thus, a significant
challenge for the social stability risk management of engineering
projects is how to effectively control mass incidents.

How to deal with potential mass incidents? Above all, an
effective risk communication mechanism should be established in
order that stakeholders can reach a consensus on risk perception.
In the early period of the water environmental treatment project,
the government and project construction unit should strengthen
information disclosure, inform the project risk level and
preventive measures in advance, and communicate with the public
in time when problems arise, and provide scientific guidance. It is
helpful for the public to form an impersonal awareness of risks.
Meanwhile, the government and the project developer can timely
understand the concerns of local residents and the public and
provide early warning. Secondly, we should improve the
expression channels for interest demands. In the process of
construction, it is necessary to expand the avenues for the public
to participate in project environmental impact assessment,
improve the petition mechanism, and coordinate the interests
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among stakeholders to avoid damaging the expression of interests.
Last, the government should pay attention to the role of new
media and make full use of its active publicity role. With the
popularization of the Internet, new media has become a significant
way for people to express their interests and needs, and it can play
an active role in guiding the masses.

5.2.3. Establish a complete project schedule
control system

Whether an engineering project can be completed on schedule
has a direct influence on the cost of the project. From the previous
analysis, we can know that when there is a funding problem, the
uncertainty of the project will increase. Moreover, the project
schedule control and quality control are opposites and unity.
Unjustifiable schedule management can readily lead project
quality problems, thereby affecting project safety and ultimately
causing public fears. In summary, the establishment of a complete
project schedule control system is also a vital initiative for the
social stability risk management of engineering projects. A water
environmental governance project is a huge and complex one,
including many single project items. As the connection between
each project item is pretty sophisticated, it increases the difficulty
of project progress control.

On the one hand, for management and control of the project
schedule, scientific feasibility studies and planning should
be conducted at the beginning of the project. The impact
assessment is also needed, which should include social,
environmental, economic and safety aspects, so as to down the
time limit influence that may be caused by unreasoning
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decision-making. It is also necessary to conduct an impact
which should
economic, and safety aspects to reduce the time limit impact that

assessment, include social, environmental,
may be caused by unreasonable decisions. On the other hand, the
project construction unit should formulate schedule management
plans according to different stages, conduct construction bidding,
and adopt comprehensive schedule management measures that
combine economic, technical, contract and other measures to
complete the project control objectives and make sure that the

project is completed on schedule.

5.2.4. Establish a perfect benefit compensation
mechanism

Interest compensation issues that are not handled properly will
directly trigger mass incidents and increase the financial pressure
of the project. The construction of water environmental
governance projects often involves huge funds, a large number of
supporting facilities and large-scale relocation. For those impacted,
they have been hit economically, culturally and emotionally.
Meanwhile, the construction process of a project is a game among
stakeholders. Because this process is full of contradictions and
unstable factors, it will greatly affect social stability.

Thus, a sound interest compensation mechanism should
be established to solve conflicts. From previous studies, it can
be seen that due to the complexity of project interest compensation
issues, the current law cannot solve these issues in a comprehensive
and specific manner. Therefore, special laws on interest
compensation for water environmental governance projects should
be introduced to supply policy support. Moreover, the present
one-off compensation and compensation models for land
acquisition and house demolition are too simple, ignoring the
individual needs of the impacted. We should explore different
interest compensation modes, such as compensation policies on
social security, taxation, finance, etc. Through the establishment of
an investment system that combines government actions and market
economy, the dominant position is established to protect the right
to speak of the affected people. We should also establish a formation
mechanism of interest compensation standard linked to the market,
and calculate the compensation standard based on the market price.

5.3. Contribution and limitations

This study discussed social risks and stakeholders from the
perspective of social network, and provides a better risk analysis
method for the social stability risk management of PPP project for
water environmental governance. Based on empirical analysis and
social network analysis, it verified 36 identified social risk factors,
6 groups of related stakeholders and the intensity of their interaction.

SNA requires stricter data collection and can produce more
accurate results. In discussing the main challenges of stakeholders,
this paper put forwards the social risk analysis model (SNA) and
the framework of PPP project for water environmental governance
in China. In the SNA model, the relationships between 36 social
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risk factors and 6 stakeholders were analyzed using the 1-mode
social network. The method proposed in this research provides a
referential structured framework and a series of risk factors for
analyzing such PPP projects in China.

The analysis results of SNA model show that PPP project for
water environmental governance is closely related to three levels
of challenges, namely, the complex environment, unreasonable
behaviors of individuals or organizations, and multiple interaction
between behaviors and the environment. Four key issues were
summarized. Based on the data obtained from SNA, the key risk
factors in PPP project for water environmental governance were
explored. As for the funding of project construction, the degree of
environmental pollution and ecological impact, the revision of
correlative laws and regulations, and the attention of residents and
the media to secondary pollution may all lead to the project cost
exceeding the budget. The wrong demand forecast by the investor,
the improper land use right, and irrational contract design of the
project company may lead to mass incidents. Regarding the time
limit of a project, whether the contractor can complete the project
on time should be paid attention to. Whether the public bear
higher prices because the project exceeds the budget is more likely
to cause interest compensation issues of the affected people, so
more attention should be paid to this risk factor.

A better understanding of the complex and diversified
interactions and interests of stakeholders is followed by more
quantitative decision-making or planning steps. In our research,
the follow-up is the proposal of a management strategy, which is
combined with scenario planning to deal with the uncertainty in
future risk management.

Certain limitations implied in the present research need to
be considered. Previous studies mainly believed that the risk
factors of various stakeholders are relatively independent, but in
fact, intricate interaction between them is the main cause of social
stability risks (Yuan et al., 2018). Compared with traditional
stakeholder research, we have constructed a more helpful analysis
model to find out how these stakeholders are interdependent from
the perspective of social networks. This study is helpful for PPP
project managers to manage, control and solve the social stability
risks during the construction period. Firstly, the 36 risk factors
obtained in this study can be directly provided as the risk list to the
managers of such projects, and the managers can refer to the list to
formulate appropriate risk response strategies. Then, the SNA
model established in this research quantifies the complex
relationships between risk factors and stakeholders, and identifies
key risks from the perspective of network and system, which can
effectively resolve the social stability risk issues related to
stakeholders. Moreover, it can further explore and set up a
relationship between stakeholder management and project social
stability risk management. In future research, diversified and
newer data should be adopted to verify or expand the results of this
research, focusing on how to assess social risks more accurately
and manage social risks more flexibly. The characteristics and
effective quantification of the risk management strategies based on
the new network are conducive to optimizing risk management.
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