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PPP program is characterized by great organizational complexity, complicated communication network, and high coordination
cost, which lead governance problems to be more complex than usual construction projects. Investigating 49 stakeholders of the D
characteristic town construction program, the author constructs the work interaction network and supervision network of
characteristic town PPP program based on organizational relationship. Through the calculation and comparison of network
parameters, the network problems were analyzed, and the governance improvement scheme was proposed. The results show that,
during the construction phase of the PPP program, (1) the SPV is still the core stakeholders; (2) the PPP program supervison
belongs to hierarchical supervision characteristics and (3) the government regulators and loan institutions have limited influences

on the program but they can restrict the SPV by strengthening supervision with subprogram stakeholders.

1. Introduction

Complex programs have two meanings. One is called mega-
projects which involve complex process and major under-
taking [1]; the other means the set of numerous projects,
which is time-parallelly constructed in the small area [2]. In
recent years, the Chinese complex program has developed
rapidly, just like Hong Kong-Zhuhai-Macau Bridge, Beijing
Daxing International Airport. From these practices, the
organizational complexity has been an important topic of
research and practice [3] and dealing with organizational
conflict plays an important role in organizational complexity
[4]. Despite the significant development of project gover-
nance tools and techniques to facilitate project stakeholders’
relationship improvement over a year [2], core stakeholders
still could not control the project effectively.

Program governance (PG), viewed as the relations be-
tween project managers, board, owners, and other stake-
holders, functions as an overall business for providing the
framework of project organizational processes, decision-

making simulation, and project management tools, which
enables the successful delivery, programs, and portfolios of
projects [5]. Public-Private Partnership (PPP) programs
involve multiple owners (e.g., project owner and sub-project
owner) and these stakeholders have a conflict of interest.
Therefore, how to coordinate the relations among internal
owners and the relations between owners and other
stakeholders plays a key role in the delivery of projects [6].
Indeed, some PPP projects failed due to the contradictions of
owners. For example, the Fourth Minjiang River Bridge PPP
projects, located in Fuzhou, China, failed due to the fierce
conflicts of the governments and Special Purpose Vehicles
(SPV) of PPP projects. The government cannot guarantee
the uniqueness of the bridge operation or fulfill the promise
of repurchasing management right during operation period.
As another example, Yiwei Expressway PPP projects,
invested by Chengdu Road & Bridge Engineering Co., Ltd.,
failed due to downtime caused by limited financing re-
sources. Besides, the significant difference between regional
development PPP projects and traditional PPP projects lies
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in its overall contracting of the program mostly. In other
words, there exist packages of commonweal items and
operational items in the regional development PPP projects.
Because of lacking communication, cooperation, and
compensation mechanisms, conflicts occurred with different
sub-project owners. Therefore, project governance, under a
complex environment, is necessary to constrain the re-
sponsibilities of stakeholders and ensure project effective-
ness in regional development PPP projects.

2. Literature Review

More recent attention has been focused on PG. The research
on stakeholder governance (SG) encompasses the power and
incentive relationship of stakeholders, to evaluate and
identify stakeholders’ influences on project decision-making
[7]. According to the hierarchy of construction projects,
three main governance models, namely, vertical governance,
horizontal governance, and project managers’ governance,
have been classified and the contractual governance and
relational governance are the two main models according to
information channels of construction projects [8]. There-
fore, SG of the construction project is subordinate to the
horizontal governance models based on the hierarchy [9]
and is subordinate to the contractual governance and re-
lational governance models from the perspectives of in-
formation channels [10]. Henisz et al. [11] noted that project
governance was the external representation of the project
relationship contracts. Too and Weaver [12] proposed the
project governance framework based on the project orga-
nization. Rowley [13] discovered the influences of stake-
holders in social networks which comes from their power,
connections, and interests, etc. Previous studies have
revealed the stakeholder governance results based on net-
work property considering the dynamic factors. Yang and
Zou [14] analyzed the stakeholder-associated risks in
complex projects using Social Network Analysis (SNA) and
opined that the risks were associated with internal and
external project stakeholders and could transmit and am-
plify across the organization. Wang et al. [15] concluded that
the character of stakeholders-network has impacts on per-
formance. Klijn et al. [16] demonstrated the uncertainty of
the project governance network and the effect of its trust on
performance. Several scholars also discussed the importance
of specific objects in the network based on governance re-
lationships network. Ding et al. [17] pointed out that the
project supervisor, as an independent decision-making
body, played a minor role in projects compared with owners
and constructors. Nevertheless, the project supervisor can
help owners or constructors manage projects when they ally
with owners or constructors. Wang et al. [18] also viewed
that the project relying on the project manager excessively
made the project and its manager encounter more gover-
nance risks, and determined the solutions including de-
centralization of power and networked information
channels. Other scholars focused on the areas of organi-
zational power, communication, and governance pattern of
projects using a case study. Lienert et al. [19] and Wei [20]
conducted the case study of water plant project and

Advances in Civil Engineering

expressway project, respectively, and expressed complex
interrelationships among stakeholders.

The existing research primarily revolves around three
aspects: dynamic impact, stakeholders’ role, and the gov-
ernance patterns of the complete network power commu-
nication. However, for complex regional development PPP
program organizations, characterized by program and PPP
project organization, there is limited systematic quantitative
analysis of stakeholders’ influence and its effective power
and communication, nor clear deconstruction of the co-
ordination and conflict relationships of PPP program or-
ganization. The stakeholders of megaprojects are inclined to
adopt the way of combining formal contractual relationships
and informal relationships to address the barriers encoun-
tered within the program [21]. Therefore, as a case study of D
characteristic town’s regional development PPP projects,
this paper first constructed indicators to display the internal
links among organizations and developed social networks to
represent them. Then, the cooperation and supervision re-
lationships were identified among PPP project organizations
to degrade the complexity of the program. Finally, the key
stakeholder was determined and their influence degree and
its impact path were clarified, which offers suggestions for
prompting project governance.

3. Methodology

3.1. Definition of Network Boundary and Stakeholder
Influence. Stakeholders from organizations can maximize
their performance only when they are in the best position of
the organizational network [13]. The boundary of the net-
work in this study is limited in the stakeholder organization
field including the owners, supervisors, and participants in
the regional development PPP project, and furthermore the
relationships between stakeholders are discussed. From the
perspective of network subject, the stakeholders of the PPP
project include government parties, private partners, SPV,
contractors, suppliers, operators, financing parties, and
others. According to the actual situation of this study, the
stakeholders include 49 subjects, as shown in Table 1. Using
existing research results on stakeholders’ relationships and
based on different relation purposes, a two-dimensional
network structure was developed according to work de-
mands of communication and supervision for all the
stakeholders. The two-dimensional network structure is as
follows:

(1) Communication and Cooperation Networks (CCNS).
They refer to the relationship network formed by
communication and cooperation within the project
organization, which transmits the official informa-
tion, unofficial information, instructions, knowl-
edge, and experience through formal and informal
channels.

(2) Supervisory Relationship Networks (SRN). Based on
the statutory and regulatory requirements and
project management demands, the relationship
network of work supervision, review, and inspection
is conducted for regulated parties.
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TaBLE 1: CCN and SRN centrality degree.
CNN SRN

Types of stakeholders Weighted qegree Weighted Qegree

DC centrality CcC BC EC DC centrality CcC BC EC

(WDC) (WDC)

Private partner 2 4 0.396694 0 0.097775 1 2 0286713 0 0
Government
operations 4 4 0.40678 22333333 0104307 2 3 0.286713 13.666667 0.007922
management
company
SPV 44 83 0.648649 744466667 1 8 13 0392157 280  0.110452
{;i":;‘rlcheurea“ of 4 4 0.40678 22333333 0104307 2 3 0.286713 13.666667 0.007922
Local Development
and Reform 4 4 0.40678 22333333 0104307 2 3 0.286713 13.666667 0.007922
Commission
Project leading group 4 6 0.393443 21 0.097242 1 1 0.386139 0 0
Project headquarters 32 73 0.6  191.466667 0.941944 16 26 0.612903 342 0.222899
Designing unit of 20 27 0484848 625  0.60856 1 2 0 0 0280442
project
Project contractor 24 42 0.564706 74.433333 0.894066 3 5 1 0 0.541617
Project supervisor 22 35 0.521739 63 0.776457 3 6 1 0 0.280442
Bank 2 2 0.396694 0 0.097775 1 2 0286713 0 0
Other enterprises 2 2 0.396694 0 0.097775 1 1 0286713 0 0
financial company
Project supplier 22 33 0.521739 63 0.776457 3 5 0 0 1
Management unit of 2 0.396694 0 0.097775 1 1 0 0 0214977
facilities
Sewage waste
management 12 27 0527473 44133333 0421171 5 8 1 40 0.280442
organization
Solid waste
management 12 27 0527473 44133333 0421171 5 8 1 40 0.280442
organization
Water supply 12 27 0.527473 44133333 0421171 5 8 1 40 0.280442
organization
Heating organization 12 27 0.527473 44133333 0421171 5 8 1 40 0280442
Gas supply 12 27 0527473 44133333 0421171 5 8 1 40 0.280442
organization
Utility tunnel
management 12 27 0.527473 44133333 0421171 5 8 1 40 0280442
organization
Designer of sewage g 22 0.432432 27933333 0458922 1 2 0 0 0261174
waste facilities
Contractor of sewage ), 38 0505263 53.533333 0.718478 3 5 1 0 0.466305
waste facilities
Supervisor of sewage 31 0.466019 30133333 0.612794 3 6 1 0 0261174
waste facilities
Supplier of sewage 30 0.466019 30133333 0.612794 3 5 0 0 0.818012
waste facilities
Designer of solid waste ¢ 2 0432432 27.933333 0458922 1 2 0 0 0261174
facilities
Contractor of solid 38 0.505263 53533333 0.718478 3 5 1 0 0.466305
waste facilities
Supervisor of solid ) 31 0.466019 30133333 0.612794 3 6 1 0 0261174
waste facilities
Supplier of solid waste 30 0.466019 30133333 0.612794 3 5 0 0 0.818012
facilities
Designer of water 18 22 0432432 27.933333 0.458922 1 2 0 0 0261174
supply facilities
Contractor of water ), 38 0505263 53.533333 0.718478 2 3 1 0 0261174

supply facilities
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TaBLE 1: Continued.

CNN SRN

Types of stakeholders Weighted degree Weighted degree

centrality CC BC EC DC centrality CcC BC EC

(WDC) (WDC)
Supervisor of water 5, 31 0.466019 30133333 0612794 3 6 1 0 0261174
supply facilities
Supplier of water 20 30 0.466019 30.133333 0.612794 3 5 0 0 0671436
supply facilities
Designer of heating ¢ 2 0432432 27.933333 0458922 1 2 0 0 0261174
systems
Contractor of heating 38 0.505263 53.533333 0718478 4 7 1 0 0671436
systems
Supervisor of heating 31 0.466019 30133333 0.612794 3 6 1 0 0261174
systems
Supplier of heating 30 0.466019 30.133333 0.612794 3 5 0 0 0964588
systems
Designer of gas supply ¢ 22 0432432 27933333 0.458922 1 2 0 0 0261174
facilities
Contractor of gas 22 38 0.505263 53.533333 0.718478 3 5 1 0 0.466305
supply facilities
Supervisor of gas 20 31 0.466019 30.133333 0.612794 3 6 1 0 0261174
supply facilities
Supplier of gas supply 5, 30 0466019 30133333 0.612794 3 5 0 0 0818012
facilities
Elils:lge?er ofutility 4 2 0.432432 27.933333 0458922 1 2 0 0 0261174
El‘;lr:glador of utllity 5, 38 0.505263 53.533333 0718478 3 5 1 0 0466305
Supervisor of utility 31 0466019 30.133333 0.61279%4 3 6 1 0 0261174
tunnel
fl‘lllll’g;er of utility 20 30 0.466019 30133333 0.612794 3 5 0 0 0.818012
Government 8 9 0.303797 9 0.044883 3 3 0.235294 0 0
Designer of industrial 25 0484848 625  0.60856 1 2 0 0 0.280442
park road
Contractor of 24 39 0.564706 74.433333 0.894066 3 5 1 0 0541617
industrial park road
Supervisor of 22 35 0521739 63 0776457 3 6 1 0 0.280442
industrial park road
Supplier of industrial 29 0521739 63 0776457 3 5 0 0 1

park road

3.2. Network Index Selection. It is necessary to understand
the network structure, describe the network characteristics,
and describe the importance of stakeholders to reflect the
pairwise relationships of stakeholders by appropriate net-
work parameters. In this study, individual centrality was
used for describing the influence of program stakeholders
over other project stakeholders such as degree, closeness,
betweenness, and eigenvector centrality.

Degree centrality (DC) is divided into in-degree centrality
and out-degree centrality according to the vector pointing
relationship of the directed network. In-degree centrality refers
to incoming numbers of other nodes, which represents the
frequency mentioned by other stakeholders in the question-
naire. Qut-degree centrality refers to the outcoming numbers of
this node, which reflects the frequency involving other

stakeholders in the questionnaire. Degree centrality is measured
by the weighted sum of in-degree and out-degree, as presented
in

mm (n;
Cp (m) =), M
where N is the network size and mm (n;) is the number of
links connected to node #;.

Closeness centrality (CC) reflects the proximity between
each node and each other node in the network, which fo-
cuses on the importance of each node to the central node. It
can be measured by

N-1

Ce(m) = m (2)
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where N is the network size and d(ni,n]-) is the shortest
distance between node n; and node ;.

Betweenness centrality (BC) indicates the value of each
node measured by the number of shortest paths through
each node. It is given by equation (3).

B (Zj‘<kgjk(ni))/gjk
CB(ni)_ (N_l)(N_z) > (3)

where N is the network size, g, is the number of shortest
paths from node n; to node n, and g i (n;) is the number of
shortest paths considering actor n;.

Eigenvector centrality (EC) focuses on the value of each
node in the network. Each node centrality is positively
impacted by its neighbor node centrality. It can be calculated
by

n
Cp(n) = CZ;aijxj = cAx, (4)
=

where c is a proportionality constant, x; is the importance
of measurement of node #n;, and is noted as
x = [x),%,%;...,%,]T, and x is the eigenvector corre-

sponding to eigenvalue ¢' [22].

3.3. Data Collection. Based on the above research, the data of
stakeholders and their relationships were gathered consid-
ering the contractual and organizational relationship of D
characteristic town. D characteristic town, covering an area
of 6 square kilometers and located in Northeast China,
revolved around the tourism and commercial service in-
dustry and adopted the Build-Operate-Transfer (BOT)
model for operation. According to the PPP libraries from
Wind databases that cover 26 PPP projects at the execution
stage, there are 17 projects developed with the BOT model, 2
projects developed with the BOT and Transfer-Operate-
Transfer (TOT) model, and 5 projects developed in other
models. The case selected in this study is typical because it
represents the mainstream operation mode of characteristic
town PPP projects in China at this stage.

A questionnaire survey was then conducted to investi-
gate the project participants’ relationships. Questionnaires
were distributed and filled out from private partners to the
other 48 stakeholders of projects. Considering the research
preciseness and data availability, each private partner pro-
vided two or three questionnaires and these questionnaires
were filled out by different respondents. The relationship
between each stakeholder and other stakeholders was re-
flected by questionnaires filled out by each stakeholder and
their corresponding stakeholders, which considered all their
possible connections. Also, the communication frequency
and supervisory relationship between each stakeholder and
other stakeholders were identified by the highest value about
the communication frequency and supervisory relationship
of questionnaires filled out by them which considered the
different respondents’ working conditions and null condi-
tions. If the questionnaire has information about the rela-
tionship but no communication frequency or supervisory

degree, it is viewed as a missing value. Otherwise, if the
questionnaire has information about communication fre-
quency or a supervisory degree but no relationship, it is
defined as a link.

4. Results

4.1. Network Feature Analysis. The collected relationship
dates from the questionnaires were analyzed using Social
Network Analysis (SNA) software Gephi (0.9.2). The
number of directed ties is 418 in CCN and 74 in SRN. The
relation strength of CNN and SRN was defined using a Likert
scale, which functions as the weight of network connections.
For the relation of CNN between respondents and another
stakeholder, “0” is viewed as no communication, “1” rep-
resents communication once a month, “2” represents
communication once a week, “3” represents communication
2-3 times a week, and “4” represents communication more
than once a day. For the relation of SRN between respon-
dents and another stakeholder, “0” indicates that there is no
supervision relation, “1” indicates that there exists a
reporting relationship from another stakeholder to re-
spondents, and “2” represents that the respondents supervise
another stakeholder.

The results (see Table 2) show that the average degree
and average weighted degree of CCN are significantly greater
than those of SRN, which indicates the communication
frequency is higher than supervisory frequency between
stakeholders of the program and they can achieve the project
goals through multi-relationship including formal rela-
tionships and informal relationships. The average weight of
CNN is 1.610 and its weight interval ranged from 1 to 4,
which indicates that most of the communication frequency
is low (once a month). The weighted average of SRN is 1.689
and its weight interval ranged from 1 to 2, which represents
that 68.9% of relations are supervision relationships, and
31.1% of relations are reporting relationships. In addition,
the network diameter and average path length of CCN are
smaller than those of SRN, which indicates that SRN,
compared with CNN, has more communication links,
longer communication paths, and slower message passing.

4.2. Centrality Analysis. The visualization of CCN and SRN
in the program was conducted using Gephi software. As
shown in Figure 1, the network has 49 stakeholders (each is
represented by a node). Each arrow from node A to node B
represents the directed relations, including communication
and cooperation relationships and supervision or reporting
relationships. The thicker arrow lines indicate the higher
weights of the relations. In addition, there is no arrow line
under the condition of no relations.

The degree, weighted degree, closeness, betweenness,
and eigenvector centrality of CCN and SRN were then
measured (see Table 1). In CCN, firstly, the top three DC and
WDC were the SPV, project headquarters, and project
contractors, which indicates that the SPV and project
headquarters are most closely connected with other project
stakeholders. Compared with project headquarters, the SPV
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TABLE 2: Project descriptive statistics.

I Communication and Supervisory
Descriptive . . .
statistical index ~ coOPeration networks relationship

(CNN) networks (SRN)
Average degree 8.531 1.510
Average
weighted degree 13735 2.551
Average weight 1.610 1.689
Minimum value 1 1
Maximum 4 5
value
Node number 49 49
Number of ties 418 74
Network
diameter 4 >
Average path 2137 2.980
length
Clustering 0.178 0.031
coeflicient

manages projects and is closely connected with the gov-
ernment, finance, and supervision department, so the SPV
will obtain more information. As the general contractor, the
project contractor should not only complete their mission
but also help contractors of subprojects fulfill their tasks, so
the project contractors are regarded as the third connected
stakeholders. Secondly, the top three of CC in CNN were
also the SPV, project headquarters, and project contractor,
which indicates that the SPV is on the shortest path to other
stakeholders and thus they are able to communicate quickly
and reduce information error under the same medium
propagation condition. Thirdly, the top three of BC in CNN
were the SPV, project headquarters, and contractor of the
project and industrial park road, which indicates that the
shortest messaging path between stakeholders is passed by
the SPV, and the messaging efficiency, in theory, had in-
significant difference through project contractor and con-
tractor of the industrial park road. Finally, the top three of
EC in CNN were also the SPV, project headquarters, and
project contractor, which indicates that the maximum value,
from the perspective of information transfer, was produced
by the SPV followed by the project headquarters and project
contractors.

In SRN, the top three DC and WDC are the project
headquarters, SPV, sewage waste management, solid waste
management, water supply, heating, gas supply, and utility
tunnel management organization. The project headquarters
function as the supervision of specific work because they
manage the project construction in reality rather than SPV.
In addition, several stakeholders’ CC is 1, including the
contractor and supervisor of project, sewage waste man-
agement organization and contractor and supervisor of
sewage waste facilities, solid waste management organiza-
tion and contractor and supervisor of solid waste facilities,
heating organization and contractor and supervisor of
heating systems, gas supply organization and contractor and
supervisor of gas supply facilities, utility tunnel management
organization, and contractor and supervisor of a utility
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tunnel. In other words, these organizations have the shortest
distance from other stakeholders and a single messaging
path for supervision. Therefore, these organizations are
suitable for straight linear demand. Compared with the
above organizations, the project headquarters and SPV are
in a disadvantaged position in terms of obtaining supervi-
sion information. The top three of BC in SRN were the
project headquarters, SPV, and subprojects management
organization including sewage waste management organi-
zation, solid waste management organization, water supply
organization, heating organization, gas supply organization,
and utility tunnel management organization. It indicates
that the node named project headquarters is on the shortest
path mostly for total supervising messages, followed by the
SPV and subprojects management organization. Further-
more, the BC of the basic organization is 0, which accords
with the project’s hierarchical supervision model.

4.3. Stakeholders’ Influence Analysis. The stakeholders’ in-
fluence is divided into work influence and authority influ-
ence according to the types of networks. The work influence
represents the degree of communication and cooperation
between stakeholders in CCN. The authority influence
represents the power of stakeholders in SRN. The degree of
influence was measured using the degree method and
PageRank algorithm, respectively. For the method of degree,
the higher out-degree indicates the greater power (impacted
to), and the higher in-degree indicates the greater power
(impacted by). PageRank algorithm was created by Larry
Page to find the best webpages through clicking web search
links, considering the number of links and influence of
objects. The research results are shown in Table 3.

Based on the degree method, the greatest work influence
(impacted to) is the SPV of the project followed by the
project headquarters and contractor of the industrial park
road, and the greatest of work influence (impacted by) is the
SPV of the project followed by the project headquarters and
project contractor. However, based on the method of
PageRank algorithm, the greatest work influence (impacted
to) is the private partner followed by project headquarters
and contractor of the project and industrial park road. The
results have no significant difference between the method of
degree and PageRank algorithm, which shows that the SPV
of the project is the most important node in CCN, followed
by the project headquarters. The project contractor is viewed
as the third influential (impacted by) stakeholder because
they have to manage the program and comply with various
stakeholders’ requirements. The contractor of the industrial
park road is considered as the third influential (impacted to)
stakeholder because they need the cooperation of various
stakeholders.

Based on the degree method, the greatest authority in-
fluence (impacted to) is the project headquarters followed by
sewage waste management organization, solid waste man-
agement organization, water supply organization, heating
organization, and gas supply organization, and the greatest
authority influence (impacted by) is the SPV followed by all
suppliers. However, using the PageRank algorithm, the
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FIGURE 1: Relationships of project network diagram. (a) CCN diagram. (b) SRN diagram.

greatest authority influence (impacted to) is the SPV fol-
lowed by project headquarters and facilities management
organization. The reason could be that, in the process of
project implementation, the project headquarters may re-
place the SPV to issue orders to contractors and subprojects

management organizations, and then the subprojects
management organizations will manage and issue an order
to their project. On the other hand, the SPV is jointly led by a
government operation management company and private
partners. The Local Bureau of Finance and Local
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TaBLE 3: The rank of influencing power on all stakeholders.

Work influence ~ Work influence I.Xuthorlty Authorlty Total work Total authority
influence influence

Types of (impacted to) (impacted by) . . influence based  influence based
stakeholders based on the based on the (impacted to) (impacted by) on PageRank on PageRank

degree degree based on the based on the algorithm algorithm
degree degree

Private partner 0.002971768 0.002971768 0.016 0 0.005541 0.010639
Government
operations 0.002971768 0.002971768 0.016 0.008 0.009626 0.013654
management
company
SPV 0.059435364 0.063893016 0.016 0.088 0.064147 0.072583
Local Bureau of 0.002971768 0002971768 0.016 0.008 0.009626 0.013654
Finance
Local Development
and Reform 0.002971768 0.002971768 0.016 0.008 0.009626 0.013654
Commission
grr(‘)’ile;t leading 0.004457652 0.004457652 0.008 0 0.009135 0.010639
Project

0053491828 0054977712 0.192 0.016 0.037419 0.050529
headquarters
Ereosj‘eggmg unit of ) 519316493 0.020802377 0 0.016 0.023126 0.01371
Project contractor  0.028231798 0.034175334 0.016 0.024 0.026163 0.019534
Project supervisor  0.026745914 0.02526003 0.032 0.016 0.024404 0.01371
Bank 0.001485884 0.001485884 0.016 0 0.005541 0.010639
Other enterprises 0.001485884 0.001485884 0.008 0 0.005541 0.010639
financial company
Project supplier 0.02526003 0.023774146 0 0.04 0.024404 0.03613
Management unit ;) 4a5884 0.001485884 0 0.008 0.005541 0.041486
of facilities
Sewage waste
management 0.017830609 0.022288262 0.048 0.016 0.015083 0.01371
organization
Solid waste
management 0.017830609 0.022288262 0.048 0.016 0.015083 0.01371
organization
Water supply 0.017830609 0.022288262 0.048 0.016 0.015083 0.01371
organization
Heating 0.017830609 0.022288262 0.048 0.016 0.015083 0.01371
organization
Gas supply 0.017830609 0.022288262 0.048 0.016 0.015083 0.01371
organization
Utility tunnel
management 0.017830609 0.022288262 0.048 0.016 0.015083 0.01371
organization
Designer of sewage ) 314755 0.016344725 0 0.016 0.020785 0.013552
waste facilities
Contractor of
sewage waste 0028231798 0.028231798 0.016 0.024 0.023821 0.01931
facilities
Supervisor of
sewage waste 0.02526003 0.020802377 0.032 0.016 0.022061 0.013552
facilities
Supplier of sewage ) g8262 0.022288262 0 0.04 0.022061 0.035723
waste facilities
Designer of solid 0.016344725 0.016344725 0 0.016 0.020785 0.013552
waste facilities
Contractor of solid — 4>3)708 0.028231798 0.016 0.024 0.023821 0.01931
waste facilities
Supervisor of solid 15,6003 0.020802377 0.032 0.016 0.022061 0.013552

waste facilities




Advances in Civil Engineering 9
TasLE 3: Continued
Work influence ~ Work influence Authorlty Authorlty Total work Total authority
. . influence influence . .
Types of (impacted to) (impacted by) (impacted to) (impacted by) influence based  influence based
stakeholders based on the based on the P P Y on PageRank on PageRank
based on the based on the . .
degree degree algorithm algorithm
degree degree

Supplier of solid 0022288262 0.022288262 0 0.04 0.022061 0.035723
waste facilities
Designer of water ) 314755 0.016344725 0 0.016 0.020785 0.013552
supply facilities
Contractor of
water supply 0.028231798 0.028231798 0.016 0.008 0.023821 0.013552
facilities
Supervisor of water 576003 0.020802377 0.032 0.016 0.022061 0.013552
supply facilities
Supplier of water 0022288262 0.022288262 0 0.04 0.022061 0.030826
supply facilities
Designer ofheating ) 6344755 0.016344725 0 0.016 0.020785 0.013552
systems
Contractor of 0028231798 0.028231798 0.016 0.04 0.023821 0.025068
heating systems
Supervisor of 0.02526003 0.020802377 0.032 0.016 0.022061 0.013552
heating systems
Supplier of heating 88762 0.022288262 0 0.04 0.022061 0.04062
systems
Designer of gas 0.016344725 0.016344725 0 0.016 0.020785 0.013552
supply facilities
Contractor of gas 0028231798 0.028231798 0.016 0.024 0.023821 0.01931
supply facilities
Supervisor of gas 0.02526003 0.020802377 0.032 0.016 0.022061 0.013552
supply facilities
Supplier of gas 0.022288262 0022288262 0 0.04 0.022061 0.035723
supply facilities
E;Sr‘lge‘fer ofutility 4 516344725 0.016344725 0 0.016 0.020785 0.013552
Contractor of 0028231798 0.028231798 0.016 0.024 0.023821 0.01931
utility tunnel
Supervisor of 0.02526003 0.020802377 0.032 0.016 0.022061 0.013552
utility tunnel
tstllffger of utility 4 172288262 0.022288262 0 0.04 0.022061 0.035723
Government 0.007429421 0.005943536 0.024 0 0.019206 0.010639
Designer of
industrial park 0019316493 0.017830609 0 0.016 0.023126 0.01371
road
Contractor of
industrial park 0.031203566 0.026745914 0.016 0.024 0.026163 0.019534
road
Supervisor of
industrial park 0029717682 0.022288262 0.032 0.016 0.024404 0.01371
road
Supplier of
industrial park 0.019316493 0.023774146 0 0.04 0.024404 0.03613

road

Development and Reform Commission will supervise the
behavior of the SPV and the SPV’s financial funds use is also
supervised by the bank and other enterprises’ financial
companies. In addition, all suppliers have to meet re-
quirements for contractors and supervisors. In reality, the
project headquarters should still report the progress of
project implementation to the SPV. In other words, the SPV

is the most influential (impacted to) stakeholder for project
decisions actually, which confirmed the results of the Pag-
eRank algorithm method. The SPV has multi-dimensional
leadership and thus its power is higher than its upper
management stakeholders. As the directed manager, the
project headquarters are the second influential (impacted to)
stakeholder for authority influence. In addition, the facilities
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TaBLE 4: Comparison of the stakeholders’ influence before and after the direct management of regulators and financial institutions.

Before the direct management of regulators and financial After the direct management of regulators and financial

institutions institutions
zj&uthorlty Authorlty Total work Authorlty Authorlty Total work

Stakeholders influence influence . influence influence .

. . influence based . . influence based

(impacted to) (impacted by) on PageRank (impacted to) (impacted by) on PageRank

based on the based on the 8 based on the based on the &

algorithm algorithm
degree degree degree degree

SPV 0.016 0.088 0.072583 0.051 0.064 0.036604
Project 0192 0.016 0.050529 0.154 0.026 0.026372
headquarters
Local Bureau of 0.016 0.008 0.013654 0.0577 0.006 0.013592
Finance
Local Development
and Reform 0.016 0.008 0.013654 0.0577 0.006 0.013592
Commission
Bank 0.016 0 0.010639 0.0513 0 0.010592
Other enterprises 0.008 0 0.010639 0.0449 0 0.010592
financial company
Sewage waste
management 0.048 0.016 0.01371 0.0384 0.0449 0.021544
organization
Solid waste
management 0.048 0.016 0.01371 0.0384 0.0449 0.021544
organization
Water supply 0.048 0.016 0.01371 0.0384 0.0449 0.021544
organization
Heating 0.048 0.016 0.01371 0.0384 0.0449 0.021544
organization
Gas supply 0.048 0.016 0.01371 0.0384 0.0449 0.021544
organization
Utility tunnel
management 0.048 0.016 0.01371 0.0384 0.0449 0.021544
organization

management organization has a close connection with the
SPV and thus its suggestions have an influence on subor-
dinate organizations through the SPV. Therefore, the fa-
cilities management organization is the third influential
(impacted to) stakeholder for authority influence. Taken
together, the results, based on the method of PageRank
algorithm, are consistent with the authority influence facts
and another result based on the degree is more consistent
with authority influence presentation.

5. Discussion

This study builds the social network based on stakeholders’
characteristics of the PPP program in China. Results show
that the SPV is considered the core of CCN and SRN, which
comply with Peng’s study on American Expressway PPP
projects but the divergence still appeared. The SPV has the
greatest social influence on the project, which corroborates
Peng’s study that the SPV and state agencies are the greatest.
On the other hand, the project headquarters and SPV have
the greatest authority influence in terms of degree and
PageRank algorithm, respectively, which is contrary to
Peng’s results towards state agencies [20]. The above
comparative analysis shows that the stakeholders involved in
the program are closer. There are two main points about the

reason for the independence of the organization’s super-
vision: one is the view of organizational complexity which
causes the organizational isolation [23], and the other is the
view of the stakeholders who are inclined to transfer the
incomplete information and knowledge for ensuring in-
formational asymmetry within a project [24]. Together with
the CCN, the SPV and project headquarters have the greatest
authority, which confirms the above two views.

The results support the idea that the regulator, including
the Local Development and Reform Commission and Local
Bureau of Finance, and financial institutions such as banks
and other enterprises’ financial parties, has less influence on
SRN of a project than the SPV and project headquarters. The
government regulator focuses on project progress and fi-
nancials; however, the financial institution mainly pays at-
tention to the financial. Therefore, the organizational
structure of program governance should be improved: the
project headquarters and subprojects management organi-
zations should report to the Local Bureau of Finance and
Local Development and Reform Commission; the sub-
projects management organizations have to report to the
bank and other enterprises” financial company. The stake-
holders’ influence of improved organizational structure is
presented in Table 4. The findings also suggested that the
Local Bureau of Finance, Local Development and Reform
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Commission, bank, and other enterprises’ financial parties
have remarkably improved their authority influence (im-
pacted to) based on the degree method. The project head-
quarters and subprojects management organizations also
improved their authority influence (impacted by) based on
the degree method. In addition, in terms of PageRank al-
gorithm, supposing that the total authority influence of
Local Bureau of Finance, Local Development and Reform
Commission, bank, and other enterprises” financial com-
pany remains unchanged, the results revealed that the SPV
and project headquarters have a rapid decline in its total
authority influence; however, the influence of the subproj-
ects management organizations is rising. Therefore, the
subprojects management organizations could narrow the
influence gap with the SPV and project headquarters rapidly
and have a restrictive effect on the SPV and project head-
quarters. These findings are in accord with the study of Yang
et al. [25] that pulling closer the governance distance con-
tributes to the decentralization of management organization
and helps the regulator and financial institution to supervise
the program.

6. Conclusions

Three main conclusions can be drawn from the present
study. Firstly, the SPV is the core stakeholder in the con-
struction phase of the PPP program and also occupies the
central position in the communication and cooperation
networks and supervisory relationship networks. In addi-
tion, the influence of the SPV in the program determines the
quality of construction and operation. Secondly, CCN and
SRN are characterized by obvious narrow networks. During
the construction phase of the PPP program, the supervision
still has hierarchical characteristics. The top supervision is
not closely connected with the substrate supervision due to
their small world. In other words, there is a chance for the
middle supervision and substrate supervision to collude and
deceive the SPV and project headquarters. Thirdly, the
government regulators and loan institutions have limited
influences on the program but are able to restrict the SPV by
strengthening supervision with subprogram stakeholders.

6.1. Managerial Implications. Firstly, there is a little em-
pirical study about the impact of program organizational
scale on organizational management methods. This study
uses a case study to reveal the necessity of research on cross-
project and cross-organizational collective governance of 49
stakeholders in 8 interrelated projects, which covers multiple
hierarchy projects, and each project covers multiple hier-
archy stakeholders [19]. Based on the results of this study, as
the highest centrality of stakeholders, SPV company’s ad-
jacency centrality is only 0.6486 in the communication and
cooperation network, while that in the supervision network
is 0.392. Due to the large scale of organization, there are still
some communication and regulatory barriers between the
stakeholders of the project and other stakeholders in the
multi-program group [26]. Most of the stakeholders in the
network bottom are still unconnected with each other, and
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their information channels are still mainly monopolized by
the program management organizations (including SPV
company). Information asymmetry makes the network
bottom  stakeholders’  behaviors  repeated  and
uncoordinated.

Secondly, the complexity of project group governance
lies not only in the complexity of behavior governance but
also in the complexity of governance on the unique com-
munication and supervision structure of the program group.
The unique structure of the program group determines the
unequal rights and obligations of multi-stakeholders. Due to
the feedback lag of the supervision network and the long-
distance management of core stakeholders (SPV company),
program group governance is more dependent on the self-
discipline and autonomy of program stakeholders, rather
than the incentive and punishment of traditional manage-
ment [27].

6.2. Practical Implications. Firstly, the SPV of the PPP
program should enhance talent multi-disciplinary training
and construct an interdisciplinary talent team with members
from the government investment department, government
regulators, private partners, and project construction units.
At the project implementation stage, the SPV needs to
communicate with the government investment department
and private partners, to meet the regulatory requirements by
the government regulators, and assist the project head-
quarters in managing projects. Therefore, the SPV should
establish long-term, stable cooperation with these depart-
ments so that the situation will be sorted out in time. In
addition, hierarchical governance was adopted during dif-
ferent stages including project decisions, conflicts, interests,
and obligations, which strengthens the multi-stakeholder
governance and reduces misunderstandings and mistrusts
resulting from the information asymmetry among
stakeholders.

Secondly, the SPV with low network density has less
effective communication with the implementing parties of
the project, which causes the omission and distortion of
bottom-up information transfer and brings risks of decision
deviation. Therefore, in order to reduce these risks, the SPV,
as a spectator, may participate in the meetings of projects
held by the project headquarters and subproject manage-
ment organizations, which helps the SPV be aware of the
actual situation of the project and make more contacts with
other stakeholders so as to make up for the low density of
power network by increasing the density of work commu-
nication network.

Thirdly, the SPV should strengthen collaborative man-
agement with project headquarters. In general, the project
headquarters are responsible for special content of the
project construction and management; however, only the
overall progress was introduced to the SPV, which could
neither meet the regulatory requirements of SPV and op-
eration requirements by facilities management organization
nor understand the strategic intention of project head-
quarters. Therefore, the SPV should participate in the
meetings held by the project headquarters, conduct more
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communication, and work together with the project head-
quarters actively.

Fourthly, the government regulators and loan institu-
tions have limited influence on implantation stages of the
PPP program at present, who supervise not only the SPV but
also other stakeholders such as the project headquarters and
subproject management organizations. In this way, it can
reduce the control of the project headquarters and sub-
project management organizations, form the multi-stake-
holder governance, and help the project headquarters and
subproject management organizations be aware of the
project progress and fulfill their responsibility.

Finally, to match the incentives and events, a communi-
cation and cooperation relationship should be formed between
the project headquarters and SPV in the incentive process of the
program, which can integrate the regulatory functions of project
headquarters and the cash flow management responsibilities of
SPV. In addition, the project headquarters and SPV should have
more work communication with other stakeholders so that they
can reduce the indirect incentives through intermediary
stakeholders and increase direct incentives.

6.3. Limitation and Future Research. Despite this study’s
contributions, two research limitations need to be ac-
knowledged. First, the author was not able to build a dy-
namic network based on different stages of the life cycle due
to the limited research circle. During different stages, the
degree of communication and cooperation was different
between various stakeholders. Therefore, future research
might build a dynamic network in different stages. Second,
there is no direct demonstration of the formation and
transmission mechanism for regulatory isolation of the
program organization, which should be highlighted in future
research.

In the future, dynamic simulation technology and artificial
intelligence technology can be used to study the dynamic
evolution of stakeholders in the PPP project group’s social
network [28-35] and to reveal the organizational governance
dynamic evolution mechanism. In particular, the stakeholders
from SPV company should be focused on. Further research will
discuss the core competence, risk factors, and risk mitigation
mechanism of the SPV company that matches its governance
status in program governance. The interaction mechanism of
governance behavior and governance structure is also an im-
portant direction for future research [27].
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