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Although the Chinese government at all levels has increasingly embraced Public-Private Partnership (PPP) as their preferred
approach to deliver large-scale infrastructure since 2014, residual value risk (RVR) has been ignored in PPP practice. To sys-
tematically explore the critical risk factors (CRFs) responsible for measuring RVR in highway PPP projects, this paper proposes
and refines a conceptual model composed of two risk dimensions (four risk categories) and 29 indicators through process-based
viewpoint./rough literature review and expert interview, a structured questionnaire was developed to collect responses with rich
working experience in construction industry or highway PPP projects. /e refined measurement model with 21 CRFs was
validated through mean value analysis (MVA) and confirmatory factor analysis (CFA) performed by SPSS 23.0 and AMOS 23.0,
respectively. /e findings indicate that 21 CRFs are significant in influencing RVR of highway PPP projects. Moreover, RVR from
system dimension is mainly concentrating on institutional environment, macroeconomy, and relationship aspects, whereas
financing in preconstruction, quality in construction, and market demand in operation are the most significant CRFs in
nonsystem dimension. Furthermore, there is an accumulative exposure of RVR during the project process, especially in pre-
construction and operation. /is paper sheds light on the significance of lifecycle management on RVR and provides a practical
approach for measuring RVR and implementing sustainable practice in highway or other transportation PPP projects.

1. Introduction

Over the past few decades, governments across the world
have increasingly adopted Public-Private Partnership (PPP)
to deliver large-scale public infrastructure and service, es-
pecially in the provision of transportation infrastructure
[1–3]. On November 2017, the Undersecretary of Ministry of
Finance Shi Yaobin [4] pointed out that China had become
the largest and most influential PPP market around the
world since 2014 because it has increasingly institutionalized
transformation strategy as well as public procurement
method in providing infrastructure products and service.
Traditionally, transportation is the typical sector to receive
private finance in PPP practice [5, 6]. /ere are 516

transportation PPP projects among the third batch of pilot
PPP projects in China, accounting for 43% of the total
investment (1.1 trillion) and 12% of the total project number
(516), respectively [7]. Highway is the typical transportation
infrastructure to improve productivity and competitiveness
for economic development. China has launched the overall
planning for state highway trunk line since 1990s with
enormous investment scale annually [8]. Faced with chal-
lenges such as high fiscal pressures, technology complexity,
and growing traffic demands, the government seeks for
private investments and, meanwhile, reallocates re-
sponsibilities of finance, design, construction, operation,
and maintenance by PPP for providing transportation
service effectively and efficiently [2, 9]. /erefore, the
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responsibilities to provide transport infrastructure in China
have been steadily moving away from the realm of gov-
ernment to that of the private sector through PPP since
1990s [2, 9]. Driven by the new upsurge of PPP since 2014,
highway PPP projects have witnessed an obvious increase
because of rapid development of urbanization in China.

However, as an emerging PPP market compared to the
mature market such as UK and Australia, China is weak in
coherent institutional environment and expertise of project
lifecycle assessment for PPP [10]. /e evolution process of
PPP in China reveals that political, cultural, and institutional
context have strongly influenced the performance of PPP
[6, 9, 11]. Unlike the traditional delivery methods of letting
contract for the separated tasks that are needed to create,
operate, and maintain a road, PPP requires the private
sectors take responsibilities for construction, operation, and
maintenance with effective risk transfer and incentives for
reducing costs and improving quality during the concession
period [2, 5]. During the transition from a short-term
contract period in traditional projects (≤ 5 years) to a
long-term contract period in PPP projects (20–30 years)
[12], the experience with infrastructure PPP internationally
have demonstrated many problems and partnership failures.
Related problems or failures could include value for money
(VfM) not achieved, concession cancelled, concession tender
cancelled, project nationalization, project halted, and con-
tract suspension because of long-term uncertainty and di-
vergent objectives among project stakeholders [13, 14].
Currently, there is a lack of qualified knowledge and ability
on VfM assessment, lifecycle management/supervision,
mature contract arrangement, and clear division of re-
sponsibility within relevant government agencies in China
[6, 10]. Accordingly, external environment, internal project
characteristics, and partnership-related factors would in-
fluence the project success and final performance of
transportation PPP [3]. Considering highway PPP projects
require heavy initial investment, long-term operation, and
market support, the above challenges bring a serious
problem on whether infrastructure facility can meet the
expected performance defined in agreement or support
sustainable operation upon earlier termination or conces-
sion expiration. /erefore, risk management and project
performance should be highly addressed in order to improve
the sustainable development of highway PPP projects.

To integrate risk management and project performance
in highway PPP projects, RVR was introduced in this study.
RVR in PPP can be defined as “the risk that on the expiry or
earlier termination of the services contract, the asset (tan-
gible or intangible) is not in accordance with the value
originally estimated by the government and determined in
the contract, at which the private party agreed to transfer
PPP projects back” [15]. As presented by Yuan et al. [16],
many problems such as downfall performance, functional
problems, decreasing profitability, difficulty in refinance,
deterioration of maintainability, decline in operability, and
failure of sustainability occurring in the full project cycle are
in relationship with RVR management of PPP. Without
sufficient emphasis on RVR, the public and private sectors
would suffer huge loss of residual value (RV) and

compensation from government, respectively, which could
greatly influence the project’s success as well as public
welfare. /erefore, RVR has been viewed as a critical issue
when infrastructure projects are reverted to the public sector
[17–19]. Highway PPP projects with a typical concession
period from 20 to 30 years under the operation of private
sector, whereas the governance of transportation PPP
projects has been reported as weak and ineffective in many
cases with expensive costs in risk transfer [5, 20, 21]. Due to
complex organization structure and financial arrangement
in the long-term concession period, any external and in-
ternal risk factors would impair the expected performance of
infrastructure projects defined in the PPP agreements. /us,
RVR may rise when the project is to be transferred to the
host government upon concession expiration or earlier
termination because of unrealized value, as presented byHM
Treasury of UK [22] and Comptroller and Auditor General
of India [23].

Although prior study has defined the underlying di-
mensions of RVR in PPP generally [16], verified the im-
portance of RVR management through case study in China
[15], and explored RVR in value-based perspective [24], few
studies have explored the CRFs for RVR and their impact on
RVR management in highway PPP projects. Moreover,
detailed and careful identification of CRFs that can heavily
influence the tangible and intangible RV of highway PPP
projects should be further implemented based on the
process-based viewpoint, which adapt to the value chain
from development to facility management in highway PPP
projects. Meanwhile, the identified factors should dynami-
cally reflect the change of RV in highway PPP projects.
/erefore, this paper aimed to identify the CRFs for mea-
suring RVR in highway PPP projects from the process-based
perspective, which could further promote the in-depth
understanding of RVR and improve RVR management
for project participators and sustainable development of
PPP. /e following section presents a comprehensive lit-
erature review of relevant studies, followed by a presentation
of the research methodology used in this paper, and es-
tablishment of the proposed conceptual model of CRFs for
RVR management in highway PPP projects to illustrate
theoretical relationships between CRFs and two dimensions
(four categories). After then, a nationwide survey aimed at
investigating CRFs of RVR in China’s highway PPP projects
is described, followed by survey evaluation, construct val-
idity, and confirmatory factor analysis (CFA). In data
analysis, mean value analysis (MVA) and CFA were used to
explore the CRFs and clarify their relationships in highway
PPP projects.

2. Literature Review

2.1. Recent Development of PPP in China. Considering that
PPP is more advantageous than traditional delivery in
providing infrastructure for future development, a sub-
stantial body of knowledge on PPP has been generated
across the world by a broad spectrum of practitioners from
government, the private sector, international development
institutions, academia, and expert advisors, especially the
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good practices on infrastructure and PPP policies and
implementation with sustainable goals globally [25]. Due to
PPP upsurge promoted by the government from top to
down, China has not only become the important research
center of PPP globally [26], but also the largest emerging
PPP market in Asia-Pacific [10]. Correspondingly, the pilot
PPP projects have increasing application in thirty provinces
and eighteen industry sectors in China, ranging from eco-
nomic infrastructure to social infrastructure [7]. Among
them, highway PPP projects occupy a key position in
transportation PPP projects because it is the PPP sector with
high maturity in China [6, 7].

In PPP, both the public and private participators should
bring more values such as the best available skills, knowledge
and resources and transfer them to the arrangement to strive
for VfM in providing public infrastructure services [8].
However, constrained by the institutional environment
(e.g., command economy, highly centralization, and discrete
administrative structure) [6, 9] and immature PPP market in
China [10], three critical problems still remain with PPP
success and performance. Firstly, the private sector’s focus on
short-term financial return on investments is usually assumed
to be at odds with the long-term perspective needed to realize
sustainability objectives for public welfare even though the
public and private sectors have a common goal on completing
the project successfully [14, 27]. /us, VfM may fail to be
achieved because of conflicts of interest among project
stakeholders during the long-term concession period. Sec-
ondly, traffic demand-determined ex ante cannot cope with
the problems related to traffic volume with long-term un-
certainty in transportation PPP projects [28, 29], especially
the unjustified optimism bias regarding demand forecasts
[1, 29]. Meanwhile, there is a failure path among improper
demand forecasting, low traffic demand, less revenue gen-
eration, and concessionaire insolvency for private sector [13]
because revenue risk is beyond its full control. /irdly, public
sector would sign unbalanced concession agreements by
bearing too many risks due to lack of experience, thirst for
private investment, and emphasis on short-term benefit
[6, 9, 10, 27, 30]. Under strategic vision, future uncertainty
frommacrolevel, mesolevel, andmicrolevel should be stressed
for project success and final performance in transportation
PPP projects. As for highway PPP projects, this is the case
because it is the typical transportation infrastructure through
user-pay in developing countries [25].

Although the institutional environment is far more
mature, China is on its way to establishing a strong
framework for PPP in line with international best practice.
Unlike the emphasis on private finance for infrastructure
projects in the initial stage of PPP in 1990s, public welfare
and project performance is on the top priority for PPP in
renewed policy framework since 2014. Meanwhile, the
central government of China has facilitated the process of
PPP projects, attempting to make a transition from user-pay
PPP to government-pay PPP system with the aim of facil-
itating infrastructure investment and government trans-
formation [31, 32]. /us, the Chinese government would be
more concerned about the effectiveness and efficiency of
PPP project transfer [33], which means that RVR in China

will receive increasing importance. Many prior studies point
out that disputes and losses related to RV and the trans-
ferring of PPP projects can be attributed to policy and law
change, design problems, poor maintenance of the assets,
completion delay, high costs and price, and public oppo-
sition [34–36]. /e reason can be concluded that the public
sector cannot obtain the return in the desired condition
[15, 16, 37]. With the progress of pilot PPP projects, both the
public and private sectors should attachmore importance on
sustainable development of PPP practice.

2.2. RiskManagement and RVR in PPP. As for PPP research
globally, emerging trends are found in risk allocation,
performance evaluation, renegotiation of concession con-
tracts, real option evaluation, and contract management
[26]. With the implementation of PPP projects, sustainable
PPP has become the focus among research community.
Many prior studies have made great efforts on trans-
portation PPP projects, including road, highway, high speed
rail, tunnel, etc. [14, 38, 39]. Risk management is the focus in
PPP related studies, which cover a range of specific fields
such as risk allocation [19, 37, 38, 40], government-related
risk [41–43], and CRFs [44–47]. Among these studies, risk
allocation among project participators and identification
and evaluation of risk factors are the two main themes [48].
However, there is a lack of understanding of PPP risks with
value-based perspective and sustainable consideration.

RVRs offer a new perspective to understand risks asso-
ciated with RV and have been identified as critical risk that
will have strong influences on the RV of initial bids
[17, 18, 49, 50]. However, the project participators may ignore
this potential problem due to the accumulative effects on the
long-term concession period, which could make the RVR and
risk burst upon expiration or termination. It is more typical in
highway PPP projects because they have a repay period of
20 years generally with dynamic uncertainty [5]. Maintenance
performance and residual life span as contractually required
may be imposed when handing back the highway to the local
authority [51]. If RVR cannot be well managed, long-term
indebtedness with high costs, poor services with public dis-
contentment, and contract renegotiation in favor of private
provider could occur during the long-term concession period.
Demirag et al. [52] believed that RVR was the most important
in the context of PPP because it was more likely to affect the
goal of off-balance sheet project treatment. /us, suitable
management of RVR would be of tremendous value for better
maintenance, easier transfer of PPP projects, improvement of
ongoing management, and sustainable development of in-
frastructure [18].

Traditional risk management framework provides useful
lessons for RVR management, which usually include risk
identification, risk evaluation, risk allocation, and risk
control. Some studies have focused on RVR management of
PPP. As presented by Algarni et al. [53], RVR could occur
when facility assets have been suffering years of neglect,
overuse, deferred maintenance, and delayed repair, which
would harm the sustainable development of infrastructure.
/is view also received the support from Xu et al. [35] and
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Chan et al. [37]. Moreover, many official documents have
identified related risk factor of RVR, such as construction
costs, service demands, operation costs, and technological
change [23, 34]. Allocation of RVR between public and
private has also been discussed [40, 54, 55]. An RVR
treatment method deliberated whether RVR could be dealt
with by simply writing off the asset completely over the life of
the contract. To support RVR management, risk identifi-
cation of CRFs is the foundation, which is similar with the
CRFs identification in the sectors of water supply projects
[56], comparison of risk factors among water and waste-
water, power and energy, transportation projects [44],
waste-to-energy projects [47], and CRFs of water projects
[46]. /ese studies provide an in-depth cognition of RVR as
well as reference for exploring CRFs of RVR in highway PPP
projects.

However, CRFs, which can be used as measures to reveal
the potential presence, level, or trend of a risk, have not been
developed for RVR in highway PPP projects. /ey can in-
dicate the specific scope, exposure level, and trend of a risk
for RV. /us, CRFs can provide valuable information about
a risk situation that may or may not exist and serve as a
signal for further action [57]. When being implemented
properly, CRFs can provide significant insights into the
changes in the risk profile and bring additional strategic and
operational value [58–60]. CRFs have been adopted widely
in the fields of financing, enterprise management, banking,
and e-business [61, 62]. Under the context of RVR in
highway PPP projects, CRFs can be used as a tool to predict
the change of RVR and allow for proactive intervention
before the project is transferred [15, 16]. /erefore, a sig-
nificant work of this paper is to develop CRFs for RVR by
analyzing the events that could affect the RV of highway PPP
projects in China and explore its roots of underlying causes.

2.3. Knowledge Gap. Based on extensive review of prior re-
search, the following knowledge gaps can be identified in the
two aspects. Firstly, the lack of effective RVR management
leads to serious dispute and public discontent because of low
RV left at the end of concession period or when being
transferred in advance. Few studies have attached enough
importance on the cumulative effect of RVR in PPP projects,
and process-based view of RVR canmake further cognition of
RVR in PPP. Secondly, although prior studies have defined
the general framework of RVR in PPP, few studies have
observed the differences of different sectors among PPP
projects. /erefore, CRFs of RVR in highway PPP projects
will promote RVR management in this typical user-pay PPP
projects./is paper attempts to fill these knowledge gaps, with
emphasis on process-based perspective and highway PPP
projects./e identified CRFs would be very useful to measure
RVR of highway PPP projects and provide important ref-
erence for RVR management in other types of PPP projects.

3. Research Methods

3.1. Empirical Study Design. /e key research goal of this
study is to verify the proposed conceptual model in

measuring RVR and find the CRFs of RVR in highway PPP
projects. To achieve this research goal, a comprehensive
research method was applied in this study. /e whole re-
search flow is shown in Figure 1.

Firstly, an extensive literature review was conducted,
which focused on PPP development in China as well as
global risk management and RVR researches in PPP. /ese
related researches provide a clear picture of current situ-
ation of RVR and risk management in PPP literature.
Secondly, a conceptual model of RVR in highway PPP
projects was proposed in process-based viewpoint.
Meanwhile, the initial factor system of RVR, including
RVR dimensions, categories, and factors in highway PPP
projects was developed through literature review and
content analysis. /irdly, a structured questionnaire was
developed to investigate the respondents’ views on the
significance of factors of RVR in highway PPP projects.
Fourthly, MVA and CFA are used to validate the mea-
surement model and identify the CRFs of RVR in highway
PPP projects by SPSS 23.0 and AMOS 23.0 respectively. /e
significance of the initial risk factors of RVR was first
assessed by their mean scores on the 5-point Likert scale.
/is simple scale enables easy interpretation of survey
results by policy makers, which has been widely used in
construction management research [38, 63–65]. Moreover,
the applicability of CFA in this study lies on the following
aspects. Firstly, the underlying assumption of the MVA,
which compares the relative importance of each factor,
evaluates each factor independently without considering
the covariance. Considering that factors identified by prior
studies may be empirically dependent on each other, CFA
was used to address the potential drawback of MVA be-
cause the loading coefficient obtained for each factor that
contributes to the variance explained in the categorical
constructs [38]. Secondly, CFA is the measurement model
to depict the pattern of observed variables for those latent
constructs in the hypothesized model [66], which were
mainly used for validation of existing or newly developed
frameworks [67]. It is consistent with the research char-
acteristics under study. /irdly, RVR for PPP has been
presented by the author’s prior study and accepted among
research community. CFA is just right because it is theory-
driven [66]. /en, the insignificant factors were removed
from the initial factor system based on the two-dimensional
important analysis (mean value from MVA and loading
coefficient from CFA) [38], with refined CRFs for RVR in
highway PPP project. Lastly, the survey results were ana-
lyzed and strategic implications of identified CRFs were
discussed, aiming to detect, explain, and improve the
understanding of RVR in highway PPP and promote RVR
management for sustainable PPP in China.

3.2. Data Collection. /e questionnaire consists of two
sections with a total of 29 factors. /e first section collected
background information for the respondents and general
issues about PPP, e.g., working units, professional fields,
and working experience in highway PPP projects or in
other infrastructure projects. /e second section aims to
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investigate the importance of the 29 factors (Table 1), which
are divided into two dimensions (system and nonsystem)
and four categories for measuring RVR in highway PPP
projects. In this section, each latent variable is measured
using a set of associated indicators, which were selected
based on the extensive literature review. /e target re-
spondents were asked to provide their personal perceptions
on the importance of indicators, using a five-point Likert
scale (1-not important, 2-less important, 3-important, 4-
more important, and 5-most important). Additionally, a
comment box is given at the end of the questionnaire to
allow further comments (e.g., additional risk factors of
RVR in highway PPP projects) by the respondents. /e
questionnaire draft was reviewed by 9 experts in China.
Among them, 3 researchers are from Tsinghua University,
Tianjin University, and Dalian University of Technology
respectively. As indicated by co-author analysis of global
PPP research by Song et al. [26], these three universities
have significant research power in the field of PPP; 3 senior
professionals are from China State Construction Engi-
neering Corporation limited, China Communications
Construction Company Limited, and China Railway
Construction Corporation Limited. /ese three companies
are not only the largest contractors in China but also the
top 250 global contractors assessed by Engineering News-
Record in 2018 [78]; and 3 government officials are from
relevant government agencies, including Development and
Reform Commission, Department of Finance, and De-
partment of Transport in Nanjing and Jiangsu Province. All
of the target experts have enough experiences in trans-
portation PPP projects, aiming to improve the content and
avoid misunderstandings.

/e formal survey sampled construction professionals
and experts at the annual conference of /e Architectural
Society of China–Construction Management Research Sector
(ASC-CMRS) in July 15–18, 2016. /is is a grand meeting of
the construction management industry. /ere are also sub-
forums on PPP projects, attracting a large number of people
from academic and practical fields. Target respondents were
selected based on their direct hands-on involvement in
transportation PPP projects and other type of PPP projects.
Convenience sampling was used instead of random sampling
because of no existing database of PPP researcher and
practitioners in China or complete list of the participators in
thementioned conference, and this samplingmethodwas also
used in the similar researches conducted by Chan et al. [64],
Ke et al. [65], and Li et al. [63]. Moreover, our research team
has limited connections with the potential respondents in the
conference. Since the survey cannot bring interferences to the
conferences, the questionnaire survey can only be imple-
mented during the rest time. Considering that some of these
target respondents would have colleagues and personal
connections that would be beneficial to reach the right re-
spondents, some of the respondents were dispatched more
than one copies of the survey form. A total of 320 ques-
tionnaires was sent out at the conference site, with 98 valid
questionnaires (30.6% return rate) received finally.

4. Conceptual Model of CRFs in Measuring
RVR in Highway PPP Projects

4.1. Conceptual Model of RVR in Highway PPP Projects.
Although six dimensions of internal risk factors have been
redefined for PPP generally [16], there is a lack of focus on

Literature review on PPP development in china and
global risk management and residual value risks in PPPs

Knowledge gap on residual value
risks in PPPs

Proposed conceptual model of residual
value risks in highway PPP projects

Initial factor system of residual value
risks in highway PPP projects

Structured questionnaire survey on residual value
risks in highway PPP projects

Validation of the conceptual model and analysis of
the critical factors of residual value risks in

highway PPP projects

Mean value analysis
Confirmatory factor analysis

Comprehensive review Content analysis

Research findings

Figure 1: Research flow in this paper.
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Table 1: Summary of the initial factor system of RVR in highway PPP projects.

Category Risk factors Remark/description

System

F1 law and policy change /e institutional framework is an indicator of a country’s capacity to deal with the
complexities of PPP procurement while minimizing institutional risk and delays [10]

F2 tax increase Tax increase lead to compressed profit space and increased financial pressure in operation
[68]

F3 government
intervention Government intervention was a primary cause of failure recorded in different sectors [44]

F4 interest rate fluctuation Interest rate fluctuation is related to pricing and cash flow in highway PPP projects, and
high interest debt may cause the failure of VfM [8, 20]

F5 foreign exchange Foreign exchange may bring exchange loss and fiscal pressure involved with foreign
investment and offshore purchase [69]

F6 inflation risk Inflation is always related with economy concession, which may reduce the willingness to
pay and increase the total investment [8, 70]

F7 public opposition Public opposition can create massive problems for project developers, including outright
cancellation of the PPP project [13]

F8 credit risk Public credit was the severe risk of PPP in different sector [44], and perfect credit system
can improve the efficiency of PPP implementation

F9 force majeure Force majeure risks represent a risk category that requires delicate management as it may
cause tremendous losses to the private party and RV of PPP projects [71]

F10 contract risk
Demand risk allocation and coordination between the government and private firms by
rigid contract are hard to fulfill the BOTconcession contracts completely because of traffic

demand uncertainty [28]

F11 organizational risk
Building PPP is an interactive process that requires close and intensive communication,
negotiation, and collaboration between the public and private sectors to avoid the losses of

RV in PPP [3]

F12 stakeholder risk Many stakeholder events in PPP are social in nature, and internally oriented response to
them result in dissatisfactory outcomes [72]

Nonsystem

Preconstruction

F13 land acquisition
Failure to land acquisition timely may cause slow and hindered project progress and
ultimately end either in the cancellation of the concession or in nationalization of the

project [13]

F14 delayed approval Delayed approvals and actions by public sector officials would slow and hindered project
progress, with connection with project nationalization [13]

F15 financing risk Financial strategy for the project company directly affects the amount of capital
expenditures that take the biggest part in the cost structure of the project [73]

F16 design defects or delay An optimized design can facilitate lifecycle cost cutting by constructability, maintenance,
and operationability to improve the RV of PPP projects [24]

F17 technical risk Unproved technology or inadequate technical feasibility assessment adopted may trigger
technical error, project halted and failure to achieve desired functions [13]

Construction

F18 cost overrun risk
/e likelihood and amount of cost overrun for most of the PPP approaches are affected by a
number of project characteristics such as planned project duration, length, engineer’s cost

estimate, and number of work activities [74]

F19 schedule delay Project that cannot reach the pre-determined production target or cannot be launched into
production as scheduled will result in inadequate cash flow during operation period [75]

F20 resource availability Resource availability is an critical success factors in PPP [3], and optimized resources
utilization can improve the implementation efficiency and better offers for the public [76]

F21 quality risk Poor quality works will cause the loss of customer trust and legal proceedings with private
sector partner [20]

Operation

F22 operation costs Any reduce on operation cost mean an increase for profit of the private sector, but low-
quality operation may affect traffic demand [75]

F23 quality of service Quality of service may affect the customer trust and traffic demand [20]

F24 maintenance costs Pavement deterioration can be slowed down by maintenance, and high maintenance cost
may increase the difficulty of profitability [8]

F25 accident in
maintenance

Accidents in maintenance result in the disruption of services, which directly affect the
public users and then the public agency [5]

F26 market demand
Demand depends on a range of interrelated and dynamic factors such as the demographic

and economic conditions, and demand risk faced during the operation stage has
considerably limited the efficiency of road delivery [77]

F27 horizontal competition Competing or parallel facilities is related to demand risk, with influence on profitability of
transportation PPP projects [77]

F28 change in toll Change in toll leads to variation of traffic flow and thus to revenue generation [70]

F29 environment risk Environmental sustainability is an important focus for the public because remedy of
environmental may be even worse than the disease [27]
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exploring specific risk factors of external environment and
project stages of PPP. /is study concentrates on identifying
the CRFs of RVR in highway PPP projects with systematic
and process-based viewpoint, which is suitable for long-term
performance orientation in highway PPP projects.

In prior study, risk factors of PPP have been defined
from different perspectives. Ke et al. [40] divided risks in
PPP into government-related, private-related, and shared
risks accompanying with macro, meso, and microgroups.
Shen et al. [43] classified risks in PPP into project-related,
government-related, client-related, design-related,
contractor-related, consultant-related, and market-related
risks. Xu et al. [35] identified six critical risk groups by
factor analysis, including macroeconomic risk, construction
and operation risk, government maturity risk, market en-
vironment risk, economic viability risk, and government
intervention. As concluded by Cheung and Chan [44], all
these identified risk factors are similar. In order to reveal the
dynamic and procedural characteristics of RVR in highway
PPP, all the CRFs can be attributed to two dimen-
sions—system and nonsystem risks in a different perspective.
System risks refer to those that are related to external impacts
or cannot be controlled by the concessionaire during the
concession period [79], including political risk, law risk,
economic risk, and so on. In contrast, nonsystem risks are
those risks related to the project activities within organi-
zation network formed by contract, which would vary
according to internal project characteristics. Furthermore,
nonsystem risks are divided into three successive stages
based on the authors’ prior work [16], including pre-
construction, construction, and operation. For PPP projects,
the conducive regulatory frameworks and effective in-
stitutions by government can improve their capacity to
select, design, deliver, and manage projects and to develop
local finance facilities, which provide an environment to
attract private investors and achieve best value for PPP by
proper regulation [30]. /us, RV would inevitably be
influenced by the uncontrollable external environment and
systematic impacts [41, 80]. In comparison, nonsystem risks
will be easy to control with resources of project participators
as long as they conduct good teamwork and collaboration
during the project processes. Moreover, all system risks
would affect the nonsystem risks by combining the specific
risks in different stages as well as the change of RV in
highway PPP projects. Based on the related researches
[57, 58], each risk factor can be measured through a series of
specific indicators. /us, CRFs can be explored with the
guidance of the proposed conceptual model consisting of all
risk factors of RVR in highway PPP projects.

As shown in Figure 2, the conceptual model of RVR in
highway PPP projects can clearly illustrate how RVRs are
generated from external and internal environment in dif-
ferent levels as well as the accumulative effect of RVR on the
change of RV in the concession period of highway PPP
projects. /e system dimension of RVR in highway PPP
projects mainly include political, legal, economic, and social
risk, which affect the whole progress of RVR in highway PPP
projects. /e nonsystem dimension of RVR in highway PPP
projects are identified in processed-based perspective to

explore specific indicators, which are related with project
activities in different stages. CRFs of RVR in highway PPP
projects may present the key ratios that management tracks
as indicators of evolving RVR in highway PPP projects,
which provide guidance for actions in practice.

4.2. Factor SystemofMeasuringRVR inHighwayPPPProjects.
Based on the conceptual framework mentioned above, the
initial factor system of RVR in highway PPP projects was
developed through literature review and content analysis,
including 29 factors (two dimensions and four categories)
for measurement. /e specific risk factors as well as cor-
responding interpretations related to RVR in highway PPP
projects are compiled in Table 1, followed by the analyses
from the two dimensions.

4.2.1. Factors of RVR in System Dimension. /e risk factors
of system dimension involve with external and systematical
risks, which covers the risk factors from F1 to F12. Since PPP
contracts are generally “regulatory contracts” signed by a
public authority and a private party [1], it inevitably needs
the political support to strengthen cooperation confidence
and contract enforcement during the long-term concession
period. As an innovative method to replace the govern-
ment’s responsibility in providing transportation service
directly, highway PPP projects always require revenue
sources or rights to be granted to the contractor to support
its capital, operating, financing, and transaction expenses
and to provide a return by user-pay. /erefore, the project
viability is closely related with macroeconomy and the social
willing-to-pay. In project planning, highway infrastructure
projects closely involve external stakeholders such as citizens
and public permitting organizations, and building a sup-
portive environment and ensuring transparency are helpful
for project implementation [30, 77]. Moreover, force
majeure and organizational risk are usually shared by the
public and private sectors [40]. Although they are out of the
control of the project participators, the two risks can exert
systematic or external influence on highway PPP projects. In
PPP practice, partnerships require stable and trusted systems
of enforceable laws to deal with contracts, disputes, liabil-
ities, and property rights [81] and clear legislative frame-
works specifying their roles, their relationships, and areas of
cooperative PPP [82]. PPP contract defines the basis of PPP
implementation between the public and private sectors, and
vague contract description often leads to legal proceedings
and failures to VfM [13]. Overall, the systematic risk factors
determine the external environment as well as the basis for
highway PPP./erefore, they have a significant influence on
economic efficiency and business environment for initiative
and implementation in the full project cycle of highway PPP
projects.

4.2.2. Factors of RVR in Nonsystem Dimension. /e non-
system dimension of RVR in highway PPP projects consists
of three consecutive stages as mentioned before, and each
stage is comprised of the underlying factors associated with
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particular project activities. In preconstruction, specific
factors involve with preparation work such as project
planning, concessionaire selection, project finance, tech-
nology selection, and land acquirement, which cover the
factors from F13 to F17. As for construction, “(F17) cost
overrun,” “(F18) schedule delay,” “(F20) resource avail-
ability,” and “F21 (quality risk)” are the risk factors of RVR
in highway PPP. In operation, the risk factors are more
concerned about the traffic flow, public services, and op-
eration and maintenances (O&M) than construction, in-
cluding factors from F22 to F29. Since forecasting traffic
volumes ex ante involves multiple factors such as expected
economic growth, user behavior, price elasticity, and sub-
stitute or parallel facilities [77], many specific factors are
related with demand variation in operation. /erefore, from
the initiative to project transfer in a highway PPP project, the
change of RV can be influenced by different factors in the
three main stages, with an accumulative effect on the change
of RV in project processes.

4.3. Hypothesized Relationships in the Conceptual Model.
/e conceptual model in Figure 2 is a representation for the
RVR in highway PPP projects and serves as the foundation
for exploring CRFs of RVR in highway PPP projects. /e
hypothesized relationships are as follows: (i) /e system and
nonsystem dimensions of RVR cover the specific risk factors
from macrolevel to microlevel, which consist of the factor
system of RVR in highway PPP projects completely.
Moreover, the risk factors of system dimension exert in-
fluence on the risk factors of nonsystem dimension in-
directly. (ii) /e nonsystem dimension of RVR comprised
three consecutive stages (including preconstruction, con-
struction, and operation), and each stage consists of a
number of underlying factors to reflect different impacts on
RVR of highway PPP projects. All the risk factors have
respective contributions to RVR of highway PPP projects in
the corresponding stages. (iii) Since PPP putting design,
build, finance, and operate contracts collectively, any risk
factor of the three stages can generate critical influence on
the change of RV in highway PPP projects, with accumu-
lative effect during the full project cycle. Based on the above
descriptions, this paper aims to validate the following hy-
pothesis: (i)/e classification of RVR in two dimensions and

four categories is in accord with the internal relationships of
RVR in highway PPP projects. (ii) /e initial factor system
gives an effective measurement of RVR in highway PPP
projects. (iii) /ere is an accumulative effect of RVR in
influencing the RV of highway PPP projects during the three
stages. /erefore, the concluded hypotheses should reveal
the CRFs of RVR systematically with validation from the
survey data focusing on highway PPP projects around
China.

5. Survey Results and Analysis

5.1. Descriptive Statistics. /e profile of the respondents is
presented in Table 2. /e attendees can be classified by their
experience in industry practice. Among 98 valid question-
naires, 56 respondents (57.1%) were with more than ten
years experiences in construction industry, and 98 (100%)
had experiences in highway PPP. /erefore, the selected
sample survey can guarantee the credibility of survey. As for
the sample size to variables ratio, it has been suggested with a
range of 1.2 to up to 10 in the review conducted by Deng
et al. [83]. Although most studies would recommend using
sample sizes of at least 200 samples or 5–10 times greater
than the number of survey questions [84], Sideridis et al. [85]
found that a sample size of 50–70 would be enough for SEM/
CFA. Likewise, according to Xiong et al.’s [67] investigation
of SEM application in construction research, 31.0% (26 of
84) of models are derived from sample sizes less than 100,
and 85.7% (72 of 84) have a sample size to free parameters
ratio less than 5. Moreover, the Hoelter value for default
model in AMOS output is 93, which is lower than 98. /e
necessary sample size in fact depends on other conditions in
addition to the sample size to variables ratio, including
communality and the number of indicators per factor [83].
According to the review of SEM application conducted by
Hair et al. [86], 100 samples are sufficient for most of the
application as long as measurement is good (AVE≥ 0.5 or
better). /e received 98 valid questionnaires are without
missing data because of face-to-face distribution approxi-
mately. Given all that, the questionnaire survey in this study
involving 98 samples can meet the requirements of mini-
mum sample size./e relevant evidences can be found in the
following fit validity, convergent validity, and discriminant
validity.
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Figure 2: Conceptual model of RVR in highway PPP projects.
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5.2. Survey Evaluation. To further verify the reliability of the
98 valid surveys, Cronbach’s α was used to test its internal
consistency of the survey variable data. /e reliability co-
efficient, Cronbach’s α, is generally used to test the reliability
of scale [87]. /e values of 0.70 or greater are considered as
indicative of good scale reliability [88, 89]. As can be seen
from the results of Table 3, Cronbach’s α of the two di-
mension and four latent variables of proposed model range
from 0.715 to 0.888. /ese results suggested that the theo-
retical constructs exhibited good psychometric properties,
which provided a basis for development of further analyses.
Moreover, the surveyed factors were subjected to factor
analysis using CFA. /e Bartlett test of sphericity reflected
that the associated significance level was 0.000, indicating
that the population correlation matrix is not an identity
matrix. Additionally, the value of the Kaiser–Meyer–Olin
(KMO) measure of sampling accuracy was 0.799, which
significantly exceeded 0.5 and thus was considered highly
acceptable [76, 90]. /us, the results of these tests showed
that the sample data was appropriate for CFA.

5.3. MVA Analysis. Before conducting CFA, MVA analysis
was conducted to identify the relative importance of the
indicators and delete indicators with low importance sub-
sequently. In this study, the mean scores, standard deviation,
and distribution shape of collected data were chosen to
identify the significant level and rank the indicators
according tomean scores and standard deviation./e survey
results are shown in Table 4. /e mean values of the total 29
risk factors ranged from a maximum of 3.80 to a minimum
of 2.80. /e five most important indicators include “F10
(contract risk),” “F3 (government intervention),” “F15 (fi-
nancial risk),” “F26 (market demand),” and “F12 (stake-
holder risk),” with 3.80, 3.70, 3.77, 3.74, and 3.62,
respectively. F10, the first ranking indicator from system
dimension, includes the key clauses of risks and benefits
arrangements between the public and private sectors. As for
PPP contract, it is incomplete because of long-term un-
certainty and complexity of contract structure. F3, the
second ranking indicator from system dimension, reflects
the specificity of PPP compared to traditional delivery in
infrastructure development. /e government is not only a
participator but also a regulator in PPP projects. F15 is the
third ranking indicator from preconstruction, which closely
relates to affect capital expenditure and competitiveness of
the private sector. F26, the fourth ranking indicator from
operation, involves the difficulty in demand forecast during
the long-term concession period. It is very important for

highway PPP projects because heavy capital investments
depend on traffic income from expected traffic flow by user-
pay. F12 is another important indicator from system di-
mension, indicating that public welfare and private benefits
should be well balanced for PPP success. However, not all
indicators have strong impact on the RVR of highway PPP
projects. Specifically, “F5 (foreign exchange)” and “F6 (in-
flation risk)” are lower than 3, representing that they have
less influence on the RVR. Overall, most factor mean values
fell into the important (> 3) category, which denotes that the
initial factor system can be used to measure the RVR in
highway PPP projects. Meanwhile, the indicators with low
importance should be further deleted in the following CFA
analysis.

Regarding the values of skewness and kurtosis, Muthen
and Kaplan [91] suggested that they should be close to zero,
with an accepted value between +1.50 and −1.50 for normal
distribution. In this study (Table 4), skewness values ranged
from +0.195 for F25 to −1.030 for F3, and kurtosis values
ranged from +0.102 for F3 to −1.214 for F13, meaning the
survey data followed a relatively normal and symmetrical
distribution. It could be concluded that these survey data
could be used for further studies, including CFA and path
analysis.

Furthermore, the difference of mean value for system
dimension are rated 3.79–2.80, with the overall mean value
of 3.375. By contrast, the difference of mean value for
nonsystem dimension are rated 3.77–3.06, with the overall
mean value of 3.383. /erefore, the twelve factors of system
dimension have more mean difference than that in non-
system dimension, with 0.99 and 0.71, respectively. /is
feature reveals that system RVR are more difficult to control
than nonsystem RVR. Although China is the largest PPP
market around the world, it is on the way to be a mature PPP
market [10]. /e development of PPP from 1984 to 2017
illustrates that external environment of PPP projects such as
political, legal, and economic impacts should be heavily
emphasized [11]. With respect to different stages of non-
system dimension, the overall mean for preconstruction,
construction, and operation are 3.454, 3.340, and 3.360,

Table 2: Survey respondents’ related experiences in industry.

Experiences In construction industry Percentage In highway PPP Percentage
≤5 years 10 10.20 39 39.79
6–10 years 32 32.65 26 26.53
11–15 years 24 24.49 18 18.37
16–20 years 18 18.37 13 13.27
≥21 years 14 14.29 2 2.04
Total 98 100.00 98 100.00

Table 3: Results of the reliability test.

Dimensions of RVR No. of items Cronbach’s alpha
System 12 0.817
Nonsystem

Preconstruction 5 0.715
0.888Construction 4 0.799

Operation 8 0.780
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respectively, forming a smiling curve with the project
progress. /is feature reveals preconstruction and opera-
tion’s key roles in RVR management of highway PPP
projects. In preconstruction, feasibility assessment, VfM,
and contract negotiation determine the key prerequisites for
project success, whereas operation determines the project
viability on economic, social, and environmental aspects
[13]. /erefore, different risk factors in the three stages and
two dimensions should be well managed with systematic and
lifecycle management view.

5.4. CFA Analysis

5.4.1. Original CFA Model. Although the research survey
indicated that most of the initial factors of RVR are im-
portant, similarity of the risk factors may result from the
dependence of each empirical risk factor in specific category.
In this case, CFA is a good approach for determining the
covariation among the risk factors. A CFA was conducted by
using AMOS 23.0 to test whether the proposed conceptual
model fit the empirical data and further identified the im-
portant relationships between RVR and different factor
clusters as well as between different factor and factor
clusters. In this study, we choose maximum likelihood (ML)

parameter estimation over other estimation methods be-
cause the data was basically distributed normally (Table 4)
[92] and normal ML available in AMOS is robust to
moderate violations of normality [67]. Based on the results
of survey evaluation aforementioned, the survey data of this
study are suitable for performing CFA.

As shown in Figure 3, the hypothesized measurement
model includes endogenous observed variables (RVR), ex-
ogenous latent variables (dimensions, i.e., system and
nonsystem), exogenous observed 29 variables (risk factors,
i.e., F1, F2,. . ., F29), errors in the variables, and pathway
coefficients (factor loadings)./e latent variables that cannot
be directly observed are measured with corresponding ex-
ogenous observed variables (indicators). /e straight line
from the latent variables (dimensions) to the corresponding
observed variables indicates the causal effect on the observed
variables (indicators). /e factor loadings on the straight
lines represent the relationship of indicators with their as-
sociated latent variables.

/e loading coefficient of the 29 endogenous variables
ranges from 0.30 to 0.86 and from 0.53 to 0.87 for the 4 latent
variables. /us, some of the standardized regression weights
are not satisfactorily higher than 0.50. Regarding the model
validation, the original model obtained unsatisfactory re-
sults. /e GFI is 0.780 (Table 5), and a cut-off point of 0.90

Table 4: Ranking and scores of factors for RVR in highway PPP projects.

Risk dimension Items Mean Standard deviations Rank
Distribution shape

Skewness Kurtosis

System

F1 3.56 1.362 6 −0.585 −0.930
F2 3.35 1.049 18 −0.149 −0.736
F3 3.79 1.235 2 −1.030 0.102
F4 3.21 1.018 22 −0.075 −0.692
F5 2.80 1.130 29 0.145 −0.657
F6 2.99 1.121 28 0.111 −0.885
F7 3.37 1.167 16 −0.330 −0.751
F8 3.48 1.133 9 −0.513 −0.310
F9 3.14 1.207 25 0.128 −0.866
F10 3.80 1.087 1 −0.661 −0.269
F11 3.39 0.944 13 −0.471 −0.113
F12 3.62 0.981 5 −0.183 −0.940

Nonsystem

Preconstruction

F13 3.38 1.298 14 −0.246 −1.214
F14 3.55 1.158 7 −0.626 −0.419
F15 3.77 1.221 3 −0.958 0.010
F16 3.36 1.079 17 −0.424 −0.387
F17 3.21 1.021 23 0.094 −0.551

Construction

F18 3.32 1.145 20 −0.222 −0.712
F19 3.46 1.151 10 −0.355 −0.736
F20 3.06 1.008 27 −0.125 −0.467
F21 3.52 1.133 8 −0.399 −0.562

Operation

F22 3.40 1.101 12 −0.232 −0.719
F23 3.33 0.911 19 −0.015 −0.645
F24 3.31 0.873 21 −0.563 −0.191
F25 3.10 1.079 26 0.195 −0.561
F26 3.74 1.143 4 −0.582 −0.476
F27 3.37 1.046 15 −0.294 −0.479
F28 3.45 1.142 11 −0.531 −0.273
F29 3.18 0.960 24 −0.177 −0.157
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has been recommended for the GFI [93]. χ2/df is 2.376, and
the strict emulation criteria is lower than 2 [94]. /erefore,
the original CFA model needed reasonable modification to
increase its goodness of fit [95]. Considering the previously

identified factors may be interdependent and lack of ex-
planation power for the latent variables, those factors with
relatively low loading coefficients and mean scores should be
excluded in the revised model.
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Figure 3: Original CFA model in measuring RVR of highway PPP projects.
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5.4.2. Improved CFA Model. To further improve the ef-
fectiveness of the proposed measurement model, the mean
values obtained from MVA and factor loadings from CFA
were both considered simultaneously to refine the CFA
model in Figure 4. In this study, whose mean values were
lower than 3.00 (F5 and F6) or factor loading were lower
than 0.45 (F3, F5, F7, F9, F11, F17, F25, and F29) were
excluded from the initial factor system. /en, the left
factors were kept. Since F3 (government intervention) was
identified as the CRFs in PPP [63, 65], this factor was kept.
/erefore, 8 factors were excluded (F5, F6, F7, F9, F11,
F17, F25, and F29), and 21 CRFs were identified finally.
/e reconstructed measurement model is shown in Fig-
ure 4. All the loading values of the observed variables
exceed the cut-off value of 0.5. In this case, the appropriate
goodness of fit obtained satisfactory results is listed in
Table 6.

Among these fit indices mentioned in Table 6, the value
of RMSEA is equal to the cut-off level (0.06) and the value of
GFI is little lower than the acceptable level. However,
Browne and Cudeck [96] presented that the value of RMSEA
smaller than 0.08 is also acceptable, and the value of GFI
satisfies the constraints of >0.80 presented by Scott [97].
Overall, the results of measurement model demonstrated
that the adequacy of the revised model was good enough
according to the model’s fit to the data. It is not necessary to
take further modification.

5.4.3. Validity of Constructs. /e revised CFA model (Fig-
ure 4) is used to assess howwell the observed variables reflect
unobserved or latent constructs for the RVR of highway PPP
projects. Regarding CFA, construct validity is necessary for
reliable model testing and theory development [67]. In this
study, convergent validity and discriminant validity were
used to validate the constructs proposed in the measurement
model, which covers both “the degree of agreement of in-
dicators hypothesized to measure a construct and the dis-
tinction between those indicators and indicators of a
different construct(s)” [98].

Table 7 summarizes the relevant parameters in assessing
convergent validity of the CFA model. Most of the loading
coefficient exceeds 0.70, and no one is lower than the cut-off
level of 0.50./e squaredmultiple correlations (analogous to
R2) are adequately large, ranging from 0.346 to 0.716 for the
21 factors and from 0.560 to 0.893 for the 4 latent constructs.
Moreover, the composite reliability (CR) listed in the table
are enough large, whichmeets the requirement of ≥0.70 [86].
On the construct level, average variance extracted (AVE) is
usually used to measure convergent validity and should be
larger than 0.5 to indicate satisfactory convergent validity
[99]. /us, the values of AVE listed in the table show good
convergent validity for each construct.

Table 8 illustrates the discriminant validity results for the
revised CFA model. /e lowest square root of the constructs
is 0.72, which is larger than the highest correlation between
preconstruction and system (0.71). According to Fornell–
Lacker criteria [99], the square root of each construct’s AVE
should be larger than its highest correlations with other
constructs. /erefore, the results indicate that the model
achieves discriminant validity. Moreover, the higher cor-
relation between system and nonsystem further verifies that
system risk exerts significant influence on nonsystem risk for
RVR in highway PPP projects, the higher correlation be-
tween the three consecutives stages implies that we should
focus on the RVR development during the project processes.

6. Discussions and Implications

6.1. Discussion of Findings. Based on prior analyses, the
proposed CFA model was examined with inherent re-
lationships among the 21 identified CRFs of RVR under two
dimensions and four categories. /e associated explanation
of the clustered CRFs is as follows. /e mean scores and
factor loading for the CRFs are listed in Table 9. Detailed
analysis within four categories can be provided as follows.

6.1.1. Dimension of System. /e seven out of the initial
twelve CRFs (Table 9) refined from the revised measurement
model (Figure 4) for system dimension are, in order of
loading coefficient, F10, F3, F1, F2, F8, F12, and F4. /ey are
related to the institutional environment (F1, F3, and F8),
macroeconomy (F2 and F4), and relational aspect (F10 and
F12). By observing the mean scores and loading coefficients
of them, it is easily to find F10, F3, and F1 are the three most
important factors of RVR in system dimension. All of them
are in close relationship with government. As stressed by
Wang [3], government intervention and public credit were
the severe risk factors for successful PPP projects. /e in-
stitutional environment for PPP in China is still far from
mature [10, 48]. In this case, imperfect laws and policy would
encourage unreasonable intervention from government,
which would reduce the private sector’s cooperation con-
fidence and increase the implementation costs with gov-
ernment. /us, any implementation of PPP needs enabling
legislation and policy to allow public entities to take ad-
vantages of the benefits of PPP project delivery while pro-
tecting the public welfare [30]. Among the mentioned CRFs
in system dimension, PPP contract occupies a key position
because it determines the risks/benefits allocation and re-
spective roles among project participators based on local
legal system and institutional framework. However, its in-
complete property from asymmetric information among
project participators and long-term uncertainty also needs
credible endorsement from well-established and structured

Table 5: Validation assessment of the original measurement model.

Fit index χ2/df (NC) P RMSEA GFI TLI IFI CFI PNFI PGFI
Measured values 2.376 ≤0.001 0.058 0.780 0.898 0.922 0.918 0.602 0.741
Acceptable level NC< 2 <0.05 <0.06 >0.90 >0.90 >0.90 >0.90 >0.50 >0.50
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legal system and policy framework. /is is why F10 achieves
the highest mean score and loading coefficient in system
dimension. Moreover, stakeholder risk is another one im-
portant factor of relational aspects. Externally oriented
management is very important to achieve satisfactory out-
comes in dealing with stakeholder complexity in PPP [100].
Meanwhile, PPP contract can be viewed as the written and
informal systems and procedures used for guidance and
sometimes colloquially referred to projects as “following or
going by the rule book” [101], providing basic principles for
stakeholder management in the lifecycle of PPP. /us, F10

and F12 can be viewed as relational consideration of RVR
management, which should well reflect complex stake-
holder’s focus. Moreover, the factors of macroeconomy are
also important in measuring RVR of highway PPP projects.
Tax and interest are the two important tools for macro-
economic regulation and control. As a typical user-pay PPP,
highway receives the early openness for private entity in
China [6]. However, high initial investment and difficulty in
full return indicate significant level of business risk and fiscal
pressures [73]. As concluded by Mishra et al. [102] and Van
et al. [68], interest fluctuation and tax change are critical in
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Figure 4: Revised CFA model in measuring RVR of highway PPP projects.

Table 6: Validation assessment of the revised measurement model.

Fit index χ2/df (NC) P RMSEA GFI TLI IFI CFI PNFI PGFI
Measured values 1.346 0.003 0.060 0.831 0.924 0.946 0.943 0.612 0.705
Acceptable level NC< 2 <0.05 <0.06 >0.90 >0.90 >0.90 >0.90 >0.50 >0.50
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influencing financial cost and payback period though eco-
nomic analysis. Most importantly, they are determined by
multiple factors from macrolevel and out of the control of
project participators. /erefore, in order to control RVR
from system dimension, it is necessary to attach more im-
portance on institutional environment, macro economy, and
relational aspects. Creating an environment that both at-
tracts private investment and properly regulates PPP can be
helpful to reduce macro uncertainty and extend the gov-
ernment’s capacity in facilitating PPP implementation to
improve RV, which make ease to start a highway PPP.

6.1.2. Period of Preconstruction. Preconstruction is the first
period of nonsystem dimension on RVR of highway PPP
projects. Four out of original five CRFs refined from the
revised CFA model are, in order of loading coefficient, “F15
(financial risk),” “F13 (land acquisition),” “F14 (delayed
approval),” and “F16 (design defects or delay).” Of these
factors, F15 achieves the highest mean score (3.77) and
explanation power (0.79) of RVR from preconstruction
period. Infrastructure PPP is principally financial arrange-
ments [77]. For highway PPP, some inherent feature such as

high level of capital expenditure, difficulty of cost recovery,
and long technical lifetime of facility maintenance makes it
less attractive for the private entity. /erefore, joint fi-
nancing by several consortiums in highway PPP is common,
which is a challenge of the private sector’s financial ability.
Subsequently, the two important indicators F14 and F13
mainly involve with the private sector’s efforts, which also
need strong facilitation from the government. PPP as a
public policy has a direct relation with political setting of the
host country [63]. Without necessary political support, PPP
project would not be approved timely and smoothly. By
comparison, technical risks such as F16 have lower im-
portance (3.36) and explanation power (0.67) for pre-
construction period. /us, the CRFs in preconstruction
period are mainly related to poor public decision-making
process because of the Chinese government’s lack of
knowledge in guiding PPP process and unrealistic guar-
antees [44]. However, the private business competence is still
the critical determinant in completing these works with high
quality and low costs. In this stage, many preparations such
as project selection, project finance, design scheme, and
construction technology should be well planned for sub-
sequent construction and operation. Although inevitable

Table 7: Convergent validity analysis.

Factors/categories Loading coeff. R2 CR AVE
F1 0.715 0.511

0.880 0.514

F2 0.706 0.498
F3 0.821 0.674
F4 0.588 0.346
F8 0.696 0.484
F10 0.826 0.682
F12 0.674 0.454
F13 0.759 0.576

0.813 0.522F14 0.712 0.507
F15 0.785 0.616
F16 0.673 0.453
F18 0.825 0.681

0.845 0.579F19 0.846 0.716
F20 0.704 0.496
F21 0.697 0.486
F22 0.732 0.536

0.870 0.530

F23 0.675 0.456
F24 0.756 0.572
F26 0.783 0.613
F27 0.614 0.377
F28 0.812 0.659
System 0.932 0.869

0.928 0.764Preconstruction 0.945 0.893
Construction 0.748 0.560
Operation 0.857 0.734

Table 8: Discriminant validity analysis.

Latent construct System Preconstruction Construction Operation
System 0.72
Preconstruction 0.71 0.73
Construction 0.65 0.70 0.77
Operation 0.70 0.68 0.59 0.73
Note. Data given in bold are the value of the square root of AVE.
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changes would occur because of future uncertainty, this
stage establishes the basis for the whole project, especially
the optimized design for constructability and operability.
Overall, nontechnical risks and private-related risks play
more important roles to affect RV of highway PPP projects
during preconstruction period.

6.1.3. Period of Construction. Construction is the second
period of nonsystem dimension on RVR of highway PPP
projects. /ere is no factor deletion in this group, indicating
that the four indicators can measure the RVR of con-
struction well. Among these factors, “F21 (quality risk)” and
“F19 (schedule delay)” obtain the highest importance (3.52)
and explanation power (0.85) for RVR in construction pe-
riod. In this stage, construction quality determines the input
for future function of sustainable operation and a higher
facility quality mean lower operation costs and longer op-
eration period. Meanwhile, F19 is important because any
delay in construction period mean a shortened operation
period, which could result in the decrease of economic
revenue, increase of costs, and dissatisfaction for the general
public to further reduce the tangible and intangible RV of
highway PPP projects. Subsequently, “F18 (cost overrun)” is
also important in construction. Construction cost account
for most of the total investment of highway PPP projects [8],

with significant effect on fixed assets and price of toll in
operation. Obviously, the conventional “iron-triangle” ob-
jectives are still important in RVR management in con-
struction of highway PPP projects because time, cost, and
quality are the commonly used indicators for assessing
project performance according to project management
perspective [21]. Moreover, “F20 (resource availability)” is
another important indicator. As for highway PPP projects,
substantial resources including manpower, physical mate-
rial, and finance are invested to form the fixed assets in a
short time relatively, which have critical impacts on the
construction cost and facility quality. /erefore, the con-
ventional “iron-triangle” objectives are still important in
management of highway PPP projects, and they should be
well implemented with lifecycle management consideration.

6.1.4. Period of Operation. Although operation is the last
period of the concession period in highway PPP projects, it is
the embodiment of project performance and RVR man-
agement in the prior stages. Six out of the original eight
CRFs refined from the revised CFA model are, in order of
loading coefficient, “F28 (change in toll),” “F26 (market
demand),” “F24 (maintenance cost),” “F22 (operating cost),”
“F23 (quality of service),” and “F27 (horizontal competi-
tion).” As concluded from prior work, operability and

Table 9: Means and loadings for CRFs of RVR in highway PPP projects.

Categories Factors
MVA

CFA
Original model Revised model

Mean Rank Loading coeff. Rank Loading coeff. Rank

System

F1 3.56 6 0.65 7 0.72 9
F2 3.35 18 0.58 12 0.71 10
F3 3.79 2 0.36 19 0.82 3
F4 3.21 22 0.47 17 0.59 15
F5 2.80 29 0.30 22 — —
F6 2.99 28 0.59 11 — —
F7 3.37 16 0.36 19 — —
F8 3.48 9 0.56 14 0.70 11
F9 3.14 25 0.30 22 — —
F10 3.80 1 0.57 13 0.83 2
F11 3.39 13 0.33 20 — —
F12 3.62 5 0.58 12 0.67 13

Preconstruction

F13 3.38 14 0.61 9 0.76 7
F14 3.55 7 0.55 15 0.71 10
F15 3.77 3 0.74 4 0.79 5
F16 3.36 17 0.70 6 0.67 13
F17 3.21 23 0.32 21 — —

Construction

F18 3.32 20 0.86 1 0.83 2
F19 3.46 10 0.80 2 0.85 1
F20 3.06 27 0.71 5 0.70 11
F21 3.52 8 0.51 16 0.70 11

Operation

F22 3.40 12 0.70 6 0.73 8
F23 3.33 19 0.60 10 0.68 12
F24 3.31 21 0.76 3 0.76 7
F25 3.10 26 0.33 20 — —
F26 3.74 4 0.56 14 0.78 6
F27 3.37 15 0.63 8 0.61 14
F28 3.45 11 0.56 14 0.81 4
F29 3.18 24 0.41 18 — —
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maintainability are the two important dimensions to mea-
sure RVR in PPP projects [16]. /e identified important
factor such as F22, F21, and F23 reflect the measurement on
operability and maintainability, indicating they are impor-
tant in RVR management of highway PPP projects. /e
market risk is often problematic in PPP arrangements since
forecasting traffic volumes ex ante involves multiple factors
such as expected economic growth, user behavior, price
elasticity, and substitute or parallel facilities [77]. /us, it is
not surprising to see F26 achieve the highest mean value
(3.74) in this period, followed by the related causes such as
“change in toll (F28, 3.45),” “horizontal competition (F27,
3.37),” and “quality of service (F23, 3.33).” On one hand, it is
vital to reduce costs in operation; on the other hand, op-
eration income should be improved by good service and toll
adjustment. Overall, operation performance and market risk
should be attached more importance on RVR management
of highway PPP projects, and the profitability in operation is
critical for sustainable operation of highway PPP projects.

Furthermore, by observing the loading coefficients of
the four latent constructs, it is easy to find that pre-
construction obtains the highest loading coefficient of 0.95,
followed by system (0.93), operation (0.86), and construc-
tion (0.75). /erefore, the RVR of the highway PPP projects
can be well explained from the four latent constructs. With
respect to system RVR, they are dependent on many in-
stitutional and government-related risks from macrolevel,
which are more difficult to control compared to nonsystem
risks. However, it is important to note that they determine
the external and macroenvironment for PPP promotion
and implementation. Regarding nonsystem dimension,
preconstruction and operation achieved a higher loading
than construction, which forms the same nature of mean
scores among the three consecutive stages. Compared to
traditional delivery methods, preconstruction is more im-
portant for PPP success because strategical plan should be
well done to face long-term uncertainty and sustainable
operation. Moreover, values of PPP contract are further
explored by transferring maintenance and operation risks
of the constructed facilities to private sectors [103]. /us,
operation stage of highway PPP projects can reflect the
accumulative effect of RVR in preconstruction and con-
struction centrally [15]. Based on the process-based per-
spective, lifecycle management should be well incorporated
in RVR management because of accumulative effect on
RVR during the project processes, especially ex ante and ex
post control.

6.2. Strategic Implications. 21 CRFs of RVR in highway PPP
projects are extracted from the initial factor system
according to the proposed conceptual model by MVA and
CFA. Overall, the RVR of highway PPP projects strongly
influenced by system dimension and nonsystem dimension,
with an accumulative effect on the lifecycle of highway PPP
projects. /e identified CRFs and latent constructs provide
effective measurement of RVR in highway PPP projects. /e
strategic implications of the findings can be summarized as
follows:

(i) /e 21 identified CRFs of RVR in highway PPP
projects can contribute to the knowledge body of
RVR and RVR management. By discriminating
system and nonsystem dimensions of RVR in high-
way PPP projects, the identified CRFs do not suggest
that the occurrence of RVR is in relation to external
factors and internal factors, but also imply that both
public and private sectors are involved with RVR
management. System RVR are exogenous from
macrolevel during the lifecycle of PPP projects,
which is more difficult to be controlled than project-
related RVR from nonsystem dimension. Moreover,
system RVR exerts critical influences on nonsystem
RVR because they determine the external environ-
ment for project implementation. Considering that
creating an environment that both attracts private
investment and properly regulates PPP is funda-
mental to realize VfM [10], the public sector should
emphasize on establishing conducive regulatory
frameworks and effective institutions. Regarding to
system RVR, institutional environment (F1, F3, and
F8) and macroeconomy (F2 and F4) should be al-
located to the public sectors because the public sector
prefers to retain most political, legal, and social risks
[40]. Among the system RVR, F10 (contract risk),
along with F12 (stakeholder risk), indicates that RVR
is a mutual-shared risk in PPP project. Moreover, as
identified with high importance among RVR factors,
PPP contract can act as a good indicator of the
interactive relationships among RVR between system
and nonsystem because it reflects the risk and benefit
arrangements in the long-term concession period.
By contrast, most of nonsystem RVRs are mainly
related to project activities on the mesolevel, which is
consistent to the risk allocation conducted by Ke
et al. [40]. Unlike the traditional delivery system, the
key feature of a PPP is that the assets or services
provided are specified in terms of outputs rather
than inputs [25]. /is feature is evident in RVR
development because many of nonsystem RVR
factors are related with the private sector’s expertise
and efforts during the later stages. Among the
nonsystem RVR factors, financial viability occupies
significant importance across the project processes,
examples can be found in F15 (financial risk), F19
(schedule delay), F24 (maintenance cost), and F28
(change in toll). /us, financial viability is significant
in RVR development because the balance between
profit and sustainability can facilitate long-term
partnerships and VfM [27]. Likewise, it is critical
for the private sector to develop a good partnership
with the public sector in managing the nonsystem
RVR (especially during the preconstruction period)
because the preparation to start PPP cannot be done
well without government supports. Considering that
the three stages related to nonsystem RVR are highly
correlated with an accumulative effect on RVR de-
velopment, both public and private sector should
improve the processes and learn lessons during
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the long-term cooperation. Among them, pre-
construction and operation should be attached more
importance because they are the two critical stages in
reducing RVR of highway PPP projects. Considering
the high occurrence of renegotiations and early
terminations of PPP projects [27], ex post RVR
management should be strengthened because op-
eration and maintenance is coming for more and
more PPP projects. However, this does not mean
that construction is not important in RVR man-
agement. As a transition stage, the “iron-triangle”
objectives according to project management are still
significant in controlling RVR in construction period
because many sustainable objectives are derived
from the “iron-triangle” objectives. Given all that,
the public sector should bear the responsibility to
attract private participation (especially macro and
external RVR), while the private sector should try
their best to control RVR with its expertise in the
provision of assets and services (especially meso and
internal RVR). Moreover, lifecycle management
should be well incorporated into RVR management
of highway PPP projects in case of the accumulative
effect of RVR, with long-term collaboration among
project stakeholders.

(ii) /e 21 identified CRFs of RVR in highway PPP
projects can provide useful tool to evaluate RVR as
well as guidance for enterprise innovation in PPP
practice. Compared to PPP, traditional pro-
curement separates the construction phase from the
sequent O&M phase by only purchasing the con-
struction service from the private firms, leading to
insufficient O&M and service deterioration in the
long-term contract [2]. /erefore, many private
companies have strong technology in construc-
tion but weak technology in project finance and
operation in the long-term contract. As presented
by Zhang and Soomro [20], there is a failure
path among improper demand forecasting, low
traffic demand, less revenue generation, and
concessionaire insolvency for the private sector in
transportation PPP projects. /erefore, the private
sectors must strengthen their lifecycle capabil-
ity through vertical and horizontal integration
to adapt the popular application of PPP in high-
way projects or other sectors, with a transition
from infrastructure contractor to infrastructure
operator. Moreover, in order to reduce RVR in
highway PPP projects, institutional environment,
macroeconomy, and relational risks should be
considered in preconstruction, while financial
viability in preconstruction and operation should
be highly emphasized for the private entity. Once
PPP projects are up and running and producing
income, hopefully all parties will become flexible
in long-term cooperation. /is will in turn expand
the ability of the private sector to meet the gov-
ernment service requirements with hard work and

innovative ideas [104]. /erefore, the explored nature
of CRFs of RVR suggests that the private sectors
should balance public welfare and private benefits as
well as short-term benefits and long-term interests in
highway PPP projects. To a large extent, CRFs are also
the critical success factors for highway PPP projects.
Considering that RVR is revenue-related and mutual-
shared during the processes of PPP project, the pri-
vate sector should pay enough attention to RVR
management through lifecycle management and
long-term partnerships with the public sector.

7. Conclusions

With the PPP upsurge in China, more and more PPP
projects will face the coming operation and transfer in the
future. RVR has emerged as an important topic in Chinese
PPP research and practice because of sustainability in PPP
development and immature PPP market and institution in
China. To this end, this study proposed a second-order CFA
model consisting of system and nonsystem dimensions with
29 initial factors for measuring RVR in highway PPP pro-
jects. Based on empirical data collected by a nationwide
investigation in China, the proposed CFA model was vali-
dated and 21 CRFs of RVR in highway PPP projects were
identified through MVA and CFA.

Unlike prior studies in PPP risk, this study does not only
provide a process-based perspective to understand PPP risk
associated with RV, but also inspires the researchers and
practitioners to pay attention to RVR and sustainability of
PPP projects. Although Yuan et al. [16] defined RVR for PPP
generally, validated the importance of RVR through case
study [15], and identified the key indicators of RVRs through
value-based viewpoint [24], they have not measured RVR in
highway PPP projects from a process-based viewpoint. /is
study advances an in-depth understanding of RVR and
supporting RVR management in typical PPP projects in
China. /e main contributions include, but are not limited
to, the following:

(1) /e validated model associated with CRFs of RVR
can act as a base model for the comprehensive
benchmark to evaluate RVR in highway PPP projects
during the project processes.

(2) It discriminates RVR with conceptualized constructs
from system and nonsystem dimension./e former is
more difficult to be controlled than the latter with an
accumulative effect during the three consecutive
stages.

(3) /e public sector should pay more attention on
system RVR from macrolevel, while the private
sector should attach more importance on nonsystem
RVR from mesolevel, especially the RVR from
preconstruction and operation.

(4) Lifecycle management should be incorporated in
RVR management, and long-term partnerships
retained between the public and private sector are
beneficial to RVR management.
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Although this research can contribute to sustainable
management of PPP projects for both researchers and
project managers, three limitations should be mentioned for
future work. Firstly, this study is aimed at investigating the
CRFs of RVR for highway PPP projects in China. Regarding
the limitation of investigation background, when it is used in
other PPP projects such as government-pay project,
“brownfield” projects, and social infrastructure projects, a
few changes may occur in the relative importance of
identified CRFs of RVR, depending on the project type,
project location, and PPP maturity. /us, it can act as a pilot
study in measuring RVR and providing reference for RVR
management in transportation PPP projects, in China or
other countries. Secondly, RVR are developed during the
long-term PPP contract under uncertainty. /us, longitu-
dinal study as well as dynamic analysis would be better to
reveal the inherent mechanism of RVR development over
time. /irdly, some of the hypotheses need to be further
validated though broader data, such as the cause-and-effect
relationships among different risk dimensions and factors
because of its interrelationships within dynamic
environment.
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