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1. Introduction

Abstract. To reduce the financial pressure on local governments and improve operational
efficiency, the Chinese government has introduced the Public-Private Partnership (PPP)
model for the development of infrastructure. However, the government credit risk
generated by PPP projects may damage private and public interests. Therefore, this study
evaluated the government credit risks of non-profit PPP projects by using a systematic
and rounded model that employed Interval-Valued Hesitant Fuzzy Sets and Intuitionistic
Fuzzy Analytic Hierarchical Process (IVHFSs-IFAHP). The perspective of the private sector
was employed to establish risk index systems using the dimensions of Wuli-Shili-Renli
(WSR) methodology. IFAHP was used to collect expert opinions for the comparison of the
importance of the indices and establish an intuitionistic fuzzy judgment matrix in order to
calculate the weight of each index. IVHF'Ss were adopted to obtain the scores of the indices
coupled with the results acquired by IFAHP to produce comprehensive scores for them. The
feasibility and practicability of the proposed method were empirically verified. The results
proved the method to be effective for the private sector to evaluate the government credit

risks of non-profit PPP projects, providing a reference for participation in such projects.
(© 2021 Sharif University of Technology. All rights reserved.

However, although it has many advantages, the PPP
model faces more complicated risk factors than the

In recent years, with the rapid economic development
in China, there has been an urge for more and
more infrastructure. However, inadequate government
funding may limit the development of infrastructure
projects. The Public-Private Partnership (PPP) model
is an innovative method for delivering such facilities
and services to overcome the shortcomings of capital
capability, poor management skills, and low levels of
technology [1-4]. Accordingly, the method has been
widely applied to infrastructure projects in China.
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traditional delivery model do. Song et al. [5] conducted
a multi-case study to identify and analyze factors
that would influence early termination in China and
revealed that government decision errors and payment
defaults were the most common factors. Xu et al. [6]
assessed the risk level of a particular critical risk group
and the overall risk level associated with PPP projects
in China by developing a fuzzy synthetic evaluation
model. They showed that government intervention and
corruption might be the major hurdles to the success of
PPP highway projects in China. Chan et al. [7] used an
empirical questionnaire survey and reported that the
top three obstacles rated by Beijing respondents were
“lengthy delays in negotiations”, “lack of experience
and appropriate skills,” and “lengthy delays due to
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political debates.” As can be seen from these studies,
the most important risk factors are mostly related to
the government. Therefore, it is vital for the private
sector to evaluate whether the government has a strong
willingness and ability to fulfill its obligations or not.
This can be accomplished by assessing its credit risks
when the government participates in PPP projects.

A number of studies have been conducted address-
ing the widespread application of the PPP model to the
infrastructure and public services in the world. Zhang
et al. [8] found that risk management was the second
most popular research topic for PPP projects (21.7%
and 26.8% of the total research topics in the Chinese
and international journals, respectively). Moreover,
Ke et al. [9] showed that the top five frequently cited
papers about PPPs focused on risk-related research.
They highlighted the importance of risk management
research in the field of PPP. Demirag et al. [10]
analyzed the risks of PPP projects from the perspective
of financiers and stated that it was important for the
financiers to work with familiar partners on familiar
projects in familiar sectors in order to reduce risks.
Moreover, from the perspective of local governments,
Shrestha et al. [11] identified the risks, including envi-
ronmental, competition, and private sector credibility
issues, which were unique to the national government.
Some scholars have studied the risks of PPP projects
in specific fields. Most PPP projects include large
green [12], waste-to-energy [13], water [14,15], and free-
way PPP projects [16,17]. Tt is evident that the risks
associated with PPP projects in different infrastructure
sectors vary from sector to sector. While scholars pay
particular attention to government-related risks, such
as decision-making, corruption, and approval issues, all
of these risks are related to the capacity and willingness
of a government to fulfill its obligations as well as
government credit [18]. Although relevant studies show
that the government credit risks of PPP projects are
very important, there are only a limited number of
articles dealing with this subject.

This paper aims to explore the government credit
risk indices of non-profit PPP projects in China by
using the Wuli-Shili-Renli (WSR) methodology. Nowa-
days, most researchers assess the risks of PPP projects
by using fuzzy comprehensive evaluation [19], Ana-
lytic Hierarchy Process (AHP), Fuzzy Analytic Hier-
archy Process (FAHP), Data Envelopment Analysis
(DEA) [20], or grey correlation methods. Complexity
of objective evaluation, diversity of environments, limi-
tations of human thinking, and different practical expe-
riences of different experts in the government credit risk
assessment of non-profit PPP projects make acquiring
memberships of the related risk indices, accurately,
impossible. Accordingly, the results of studies obtained
by the traditional evaluation methods deviate from
reality and lack practicality. To better approximate

actual results, this paper introduces intuitionistic fuzzy
numbers in the assessments [21-23] to represent the
memberships of risk factors. In addition, it uses
the Intuitionistic Fuzzy Analytic Hierarchy Process
(IFAHP) to collect expert opinions on the importance
of government credit risk factors in non-profit PPP
projects and establishes an intuitionistic fuzzy judg-
ment matrix to calculate the weight of each index.
Besides, Interval-Valued Hesitant Fuzzy Sets (IVHFSs)
are adopted to obtain the scores of risk factors coupled
with the results acquired by IFAHP for achieving
comprehensive scores for the factors. Finally, the levels
of government credit risks of non-profit PPP projects
are obtained. The IVHFSs-IFAHP model developed
in this paper can realize the comprehensive evaluation
of government credit risks of non-profit PPP projects
in China and provide support for the private sector in
order to improve its decision-making and management
for participation in such projects.

2. Framework

The basic process of risk management generally in-
cludes risk identification, evaluation, and response.
The former two are the most critical steps. Risk
identification includes the recognition of the potential
causes of risk events in a project and the clarification
of the consequences of risk. The main methods of
risk identification consist of literature research, case
analyses, and expert interviews. Risk evaluation is the
process of quantifying the possible degrees of impacts
or losses caused by risk events in a project. The
most common methods of evaluation are the fuzzy
comprehensive evaluation method, AHP, and FAHP.
This study is intended to identify government credit
risk and evaluate the non-profit PPP projects in China
from the perspective of the private sector. The overall
research framework of the paper is shown in Figure 1.

Step 1: Risk identification

o Identify risk indexes by literature review

e Establish a risk index system of government credit risk in
non-profit PPP projects in China based on WSR methodology

v
Step 2: Risk evaluation
e Use IFAHP to collect the expert’s opinions and intuitionistic
fuzzy judgment matrix to calculate the weight of each index
e Adopt IVHFSs to obtain the scores of risk indexes
¢ Obtain the comprehensive scores of indexes

¥

Step 3: Case study
e Take a municipal road PPP project in China as an example
and acquire its government credit risk level
e Analyze the results of the case and put forward some
countermeasures
v

Step 4: Conclusions
e Give the conclusions of this paper
e Provide the advices of future study

Figure 1. Overall research framework.
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3. Methodology

3.1. Development of the government credit
risk index system based on WSR
methodology for non-profit PPP projects

The WSR methodology is a comprehensive integration

method for solving complex problems. Its practical

guideline is “knowing Wuli, sensing Shili, and caring
for Renli” [24-26]. This paper attempts to adopt the

WSR theory to establish a risk assessment system for

non-profit PPP projects in China from a philosophical

perspective.

Based on the characteristics of the research
objectives, this study extends the original connotation
of the three dimensions in WSR methodology. The
“Wuli” dimension represents the objective existence
of nature and studies the supporting infrastructure
supply and land acquisition that will cause the
government credit risk. “Shili” mainly focuses on the
laws and regulations, economic contract system, and
government management technology of PPP projects.
Finally, the “Renli” dimension deals with the impacts
of the public sectors on government credit and the
mind, purpose, value orientation, and behavior of the
public. The WSR model established by this study is
shown in Table 1.

3.2. Development of government credit risk
assessment model based on
IVHFSs-IFAHP

3.2.1. Definitions of intuitionistic fuzzy sets and

IVHSFs

Definition 1: Let X be a non-empty set; then, A =

{< x,UA($)7UA(£E) > |ZE € X}? X = {£E17£E27~~' ,.ZL'n}

is called an intuitive fuzzy set, where uwy(x) C [0,1],

valz) C [0,1], 0 < wa(x) +va(z) < 1, z € X.

Moreover, ua(z) and va(x) represent the degrees of

membership and non-membership, respectively, of x in

the set A; ma(z) = 1 —ua(z) — va(x) represents the

hesitancy degree of x in the set A; and 0 < 7m4(x) < 1,

z€X.

Definition 2: Let X be a non-empty set; then:

E={<zhg(z)>|re X}

is called a hesitant fuzzy set, where hp(z) is a collection
of the possible membership values [0, 1] representing
the collection of the memberships of x in the set E.
h = hg(z) is called a hesitant fuzzy element.

Definition 3: Let X be a non-empty set; then:
E={<z,hz(x)>|re X}
is called an IVHFS, where A 7(2) is a collection of some

sets of interval numbers of x in the set E. h = hz(x)
is called an interval-valued hesitant fuzzy element.

3.2.2. Determining the weights of government credit
risk indices

3.2.2.1. Developing an intuitionistic fuzzy judgment

matric

A group of experts were invited to compare, on the

basis of Table 2, any two means of government credit

risk indices at the same level to obtain intuitionistic

fuzzy judgment matrices. The intuitionistic fuzzy

judgment matrix of expert z (z =1,2,--- , k) is:

R(l) = (’rl(';))'nxn = (UE;)7’U£;))n><nv
where ugjz-) represents the importance of the indicators
i to j considered by expert z (z = 1,2,---,k) and
{7 is the importance of the indicators j to ¢. More-

1)
over, 71'1(;) =1- uﬁj) - vz(;) represents the hesitancy

degree when expert z (z = 1,2,--- , k) compares the
importance of the indicators ¢ and j. In this paper, the
following considerations are made: ¢,7 = 1,2,--- 7,
n = 7 in the first-level index system and 4,7 =
1,2,---,19, n = 19 in the second-level index system.
The number of experts is k.

3.2.2.2. Consistency check and correction
The consistency test equation is:

A(z) pl2)) _ 1 =(2) _(2)
A(R.70)) 2(n—1)(n—2);§(“ij s
L R e R

where R(*) represents the intuitionistic fuzzy judgment
matrix obtained by comparing any two means of
government credit risk indices at the same level by
expert z (z = 1,2,--- k) and R®) = (fl(;))an is
the intuitionistic fuzzy judgment consistency matrix
calculated by the intuitionistic fuzzy judgment matrix

R, fgj) can be calculated by Algorithm 1.

Algorithm 1:

(2)y. =(2)
i i ); @.;: and

(a) When j > i+ 1, let ng) = (@) i
T)Ej) are calculated by Egs. (2) and (3

j
) as shown in

Box 1.
(b) When j=i+1,let 7)) =17
(¢) When j <i+1, let FE;) = (171(;)715;))

If d(R(l)7R(z)) < 0.1, the matrix passes the consis-
tency check; otherwise, R(*) should be corrected by
Algorithm 2.

Algorithm 2:
Set a parameter 7, 7 € [0, 1], then:
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Table 1. Government credit risk index system for non-profit Public-Private Partnership (PPP) projects in China based on
Wauli-Shili-Renli (WSR) methodology.

Tendering stage (ba2)

demonstration, preliminary
implementation plan, etc.
Bidding management

technology, etc.

Objective Dimension First level Second level Details
Supporting infrastructure Supply of supporting
. Government
Wauli () . of the project (ai1) infrastructure not in place, etc.
supplies (a1)
Land acquisition (a12) Dismantlement difficulties, etc.
Imperfect legal and regulatory
National level (b11) systems, lack of continuity and
tability of the 1 te.
Relevant laws and SabIiity of BHe faws, ete
. Over-interpreting national-level
regulations (b1)
laws, Contradictions between
Local level (b12) ’
the laws at the national and
local levels, etc.
Inflation, interest rate
Macroeconomic (ba1) '
fluctuations, etc.
. Local economic development
Economic (bg) Mesoeconomic (b22) P ’
local government finance, etc.
. . Government financin
Microeconomic (b23) &
% problems, etc.
'% Insufficient restrictions on
= Imperfect contract )
government defaults in
& Contract system documents (ba1)
o . contracts, etc.
= of the project (bs)
3= Inappropriate
° pprop Inappropriate risk sharing, etc.
2* contracts (bs2)
g Review of the assessment
o
° o technology for the value
- Feasibility study . a |
= - of money, financial capacit
- Shili (b) stage (ba1) Y pacity
s
O
3]
-
=
5
g
=
g
>
o
O

Technology (bs)

SPV establishment
stage (bas)

Construction and

operation stage (bas)

PPP project contract
management technology, etc.
Time management technology,
cost management technology,
quality management technology,
human resource management
technology, communication
management technology, risk
management technology, safety
management technology, HSE
integrated management
technology, emergency
management technology, funds

management technology, etc.
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Table 1. Government credit risk index system for non-profit Public-Private Partnership (PPP) projects in China based on
Wuli-Shili-Renli (WSR) methodology (continued).

representatives of the

government sponsors® (c13)

Local customs and habits

of the project (c21)

funding difficulties, etc.

Lack of local credit

culture, serious hierarchy,

Objective Dimension First level Second level Detalils
Project transfer management
Transfer stage (bas)
technology, etc.
® Decision-making mistakes,
©
'% Behavior of the governmental delays in approval, unclear
2,
& departments® (c17) responsibilities of each
i‘: department, etc.
RS
% Government Behavior of the project Government corruption,
§ behavior (c1) implementation agencies2 (c12) government turnover, etc.
K Behavior of the
4 . : ;
E Renli (c) Government intervention,
A=
el
g
©
b=
5
g
=
=
o
5
S
&)

Public behavior (c2)

Local belief systems of

the project (c22)

local protectionism, etc.

Conflicts with local

religious beliefs, etc.

1: The governmental departments in China are responsible for the audit of a PPP project proposal and contract

as well as monitoring the costs and performance over the whole life cycle of a project;

2: The project implementation agencies in China are functional departments or government-affiliated institutions

designated by the government and they are responsible for the preparation, procurement, supervision, and

transfer of specific PPP projects;

3: The government sponsor representatives in China are the main body for fulfilling the obligations of equity investments

and sharing the rights of the shareholders on behalf of the government according to the PPP contracts.

Box I
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Table 2. Complementary judgment matrix.

Importance comparison Im}')ortance

assignment
1 is extremely more important than j  (0.90,0.10,0.00)
7 is powerfully more important than j  (0.80,0.15,0.05)
1 is significantly more important than j (0.70,0.20,0.10)
7 is slightly more important than j (0.60,0.25,0.15)
7 is as important as j (0.50,0.30,0.20)
7 is slightly less important than j (0.40,0.45,0.15)
1 is significantly less important than j  (0.30,0.60,0.10)
1 is powerfully less important than j (0.20,0.75,0.05)
i is extremely less important than j (0.10,0.90, 0.00)

iaj:1727"'7n‘ (5)

The intuition fuzzy consistent judgment matrix R() =

(FE;))an adjusted by Algorithm 2 has to undergo

another consistency check:

5 p) L NN (] )
a (RO, R )_z(n—m(n—z);;(“ij R
+ |75 oD |+ |7 - =)

When the judgment matrix is approved by the consis-
tency check, we can take the next step.

3.2.2.83. Determining the weights of the indices at all

levels

(a) Determining the weights of the indices at the first
level.  After obtaining the intuitionistic fuzzy
judgment consistency matrix by the consistency
test, the weights of indices at the first level can be
calculated by Eq. (7). After that, the arithmetic
mean values of the indices at the first level are
acquired using Eq. (8). Then, the scoring weights
of the indices are calculated by Eq. (9). Finally,

they are normalized by Eq. (10).

Suy Y wy
RO i=1
DTS DI
1=1j5=1 1=175=1
221727' 777 221727 '7k7 (7)
e
_ z=1
i = ; 8
wi == (®)
1—w;
H _'L = ) - 172’ ) )
@)=y i Y
H (w;
0, = — (IU) ) 7’:1727 '77’ (10)
> H(w))

(b) Determining the weights of the indices at the
second level. Assuming that the intuitionistic
fuzzy judgment matrix of the importance of
and v at the second level to r at the first level

is called R = (Rgﬁ)'y)mev R(rzﬁ)'y = (“v(rzﬁ)'y'v?(f@)'y)a

Boy=1,2,---,19; 2 =1,2,-- k;r=1,2,--- 7T,
where ui’?ﬂ{ and v( ) represent the comparisons

of the importance between 8 and +, respectively,
at the second level. The consistency test of the
intuitionistic fuzzy judgment matrix is carried
out by Egs. (1)—(6). The comprehensive relative
weights of the indices at the second level to
the indices at the first level G35, = (upy, gy,
8,7 =1,2,---,19 can be calculated by Egs. (7)
and (8). Finally, the comprehensive normalized
scoring weights of the indices at the second level
are ()T = (0P o ... 52} and can be
obtained by Egs. (9) and (10).

3.2.3. Determination of index values

In this study, the aforementioned experts were invited
to rate the indices at the second level of the government
credit risk in the form of an interval scale. The risk
index quantification criteria are shown in Table 3. The
hesitant fuzzy intervals of all the indices were assumed
to be between 1 and 9 and the interval length, which
is expressed as b7 = [ hZH)], was assumed to be
less than or equal to 1. The IVHFSs of index i can be
represented as:

b= {02, )
:{ [hi(‘l h;<+>] , [;ﬁ(—), hfm] . v[hi-““), h§<+>] }

2=1,2,--- k). (11)
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Table 3. Risk index quantification criteria.

Score of the risk index Risk level
(0,1] Extremely low
(1,2] Very low
(2,3] Low
(3,4] Slightly low
(4, 5] Moderate
(5, 6] Slightly high
(6,7] High
(7,8] Very high
(8,9] Extremely high

The score function for h; is obtained by Eq. (12).

k
i) = N L () k)

s (h) = ; o (hi , ) . (12)
3.2.4. Comprehensive score of each risk index
Assuming that the number of indices at the second level
corresponding to the risk index 7 at the first level is
l, the comprehensive score of the risk index ¢ can be
calculated by Eq. (13):

S; = 052)5 (ﬁl) + 052)5 (%) + -4 ol(z)s (ﬁl> .
(13)
Afterwards, the score of the government credit risk in
the non-profit PPP project is calculated by Eq. (14):
520'151+0'252+"‘+0'7S7. (14)

Finally, the score acquired by Eqgs. (13) and (14) should
be compared with the risk level in Table 3 to obtain the
comprehensive risk level of the government credit risk.

4. Case study

4.1. Case study process
The local government in a city in China plans to
implement a municipal road project using the PPP

model for improving the level of municipal infrastruc-
ture management, reducing the pressure of government
expenditures, and providing high-quality and efficient
services to the public. A private enterprise has the
intention to participate in the bidding of the municipal
road PPP project, but there are some concerns about
whether the government in the project will generate
credit risk. Therefore, the company intends to evaluate
the government credit risk of the PPP project by the
following steps:

Step 1: Establish the government credit risk index
system for the municipal road PPP project based on
the WSR methodology, as shown in Table 1;

Step 2: Invite five experts to evaluate the risk
indices for obtaining the original data and develop
the IVHFSs-IFAHP model to process the data. The
background information of these experts is shown in
Table 4. Taking the indices from by to b3 at the
second level as an example, the intuitionistic fuzzy
judgment matrix for them acquired by an expert is
shown in Table 5.

Eqgs. (2) and (3) are used to obtain the intuition-
istic fuzzy consistent judgment matrix R, as shown in
Table 6.

Eq. (1) is used to check the consistency. If the
result shows that d(R*), R*)) = 0.1515 > 0.1, the
test fails. Then, Eqgs. (4) and (5) are adopted to
modify R. R at 7 = 0.6 is shown in Table 7.

With Eq. (6), d(R*),R*) = 0.0896 < 0.1
throughout the consistency check. The weights of the
indices from by; to beg are computed by Eq. (7) and
they can be represented as (0.3985, 0.2862), (0.2758,
0.3772), and (0.3256, 0.3366), respectively.

The opinions of the remaining four experts were
handled in the same manner using Egs. (8)—(10) to
calculate the comprehensive weights of ba;—bo3, which
are shown as (0.3373, 0.3351, 0.3276). In the same
way, the rest of the indices at the first and second
levels could be obtained, as shown in Table 8;

Step 3: Invite five experts, as mentioned above, to

Table 4. Background information of the experts.

Surname Title Work unit Qualification Expertise
A . . Consulting engineer; .
Shen Professor Shanghai Jiao Tong University Project management
Cost engineer
Nanjing University of Science and . . .
Yan Professor e i Consulting engineer Risk management
Technology
. . Huaian Transportation Engineering . . .
Huang Senior engineer Consulting engineer Project management

Construction Bureau

Gu Senior engineer
Jiangsu Province

JSTI Group

Lin Senior engineer

Highway Management Office of

Consulting engineer Contract management

Cost engineer Project financing
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Table 5. Intuitionistic fuzzy judgment matrix for indices
from b21 to b2g obtained by an expert.

b2y ba2 b2s

bz1  (0.50,0.50) (0.60, 0.30) (0.45, 0.40)
bzz  (0.30,0.60) (0.50, 0.50) (0.60, 0.25)
bzs  (0.40,0.45) (0.25,0.60) (0.50, 0.50)

Table 6. Intuitionistic fuzzy consistent judgment matrix
for indices from b2y to bos.

b21 b22 b23
bz1  (0.50, 0.50) (0.60, 0.30)  (0.3956, 0.5505)
baz  (0.30, 0.60) (0.50, 0.50)  (0.60, 0.25)

bas  (0.5505, 0.3956)  (0.25, 0.60)  (0.50, 0.50)

Table 7. Modified intuitionistic fuzzy consistency matrix.

b21 b22 b23
ba1 (0.50, 0.50) (0.60, 0.30)  (0.4171, 0.4896)
bz2  (0.30, 0.60) (0.50, 0.50)  (0.60, 0.25)

bzs  (0.4896, 0.4171) (0.25, 0.60) (0.50, 0.50)

score the degrees of the risk indices at the second level
in the form of interval values and calculate the final
score of each index by Eqgs. (11) and (12). Ultimately,
the final score of each index at the first level was
obtained by Eq. (13).

Taking the risk index a3 as an example, the final
score is:

0.3101 x 4.65 + 0.3185 x 4.70 4+ 0.3714
x 4.85 = 4.7402.

The final scores of the remaining indices at the first
level are similarly obtained, as shown in Table 8.

Afterwards, the government credit risk score of
the municipal road PPP project is calculated using
Eq. (13):

0.0881 x 3.4822 4 0.1781 x 6.9048 + 0.1326
x 4.7402 4+ 0.1559 x 6.7719 4+ 0.1336
% 5.5394 4+ 0.2004 x 6.9891 4 0.1113

% 3.3292 = 5.7320.

4.2. Analysis of case results

In this study, the IVHFSs-IFAHP model was employed
to evaluate the government credit risk of a municipal
road PPP project. The results showed that the govern-
ment credit risk score was 5.7320, which was a high-
level risk, meaning that there was a high possibility of
generating government credit risk by this project. The
score of the governmental behavior risk index on the
Renli dimension was 6.9891, which ranked first and
was a high-level risk. The risk scores of the relevant
laws and regulations and the contract system on the
Shili dimension were 6.9048 and 6.7719, ranking the
second and third, respectively, which were slightly high.
The scores of the remaining risk indices, including
technological, economic, social, and environmental,
ranked from fourth to seventh, respectively, and were
medium or low.

4.2.1. Analysis of governmental behavior

The research shows that any improper actions by the
government will lead to a great degree of government
credit risk. On the one hand, the project implemen-
tation agencies are most likely to cause credit risk,
because they will be involved in the whole process of
the PPP project and their behavior will have a great
impact on it. On the other hand, the private sector
is extremely worried that government turnover, the
functional adjustment of relevant government agencies,
or a change in the responsible person will lead to the
government credit risk. Therefore, the government
should improve the spirit of the contract while the
private sector should strengthen communication with
the government to solve problems in a timely and
effective manner.

Table 8. Weights and final scores of government credit risk indices of the municipal road Public-Private Partnership

(PPP) project.

Weights of indices Final scores of indices

Weights of indices Final scores of indices

No. No.
at the first level at the first level at the second level at the second level
a1 0.4713 3.35
ay 0.0881 3.4822
a2 0.5287 3.60
b1y 0.6827 7.00
by 0.1781 6.9048

bi2 0.3173 6.70
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4.2.2. Analysis of relevant PPP laws and regulations
The laws and regulations related to the PPP projects
are not yet perfect in China and the normative docu-
ments issued by the government departments are faulty
and vague in some regulations. Furthermore, as a
new model, the PPP model does not have enough
legal support. Once government credit risk appears,
the private sector cannot resort to higher-level laws to
safeguard its rights and interests. Hence, China should
improve its laws and regulations related to PPP as soon
as possible to provide a good legal environment for the
operation of PPP projects.

4.2.8. Analysis of contract systems of the PPP project
There is not so much practical experience around PPP
projects in China, so a unified and agreed-upon model
has not yet appeared. The structures of most PPP
contracts are relatively complete, but there are some
unreasonable designs in the specific terms, which will
hinder the success of the projects and increase the
probability of government credit risk. Therefore, it
is necessary to design the terms of PPP contracts
according to local conditions and insert prevention
clauses regarding government credit risk.

4.2.4. Suggestions for private enterprises

If a private enterprise chooses to participate in a
municipal road PPP project in a city, it should im-
prove its communication and coordination levels to
request that the government issue the corresponding
statements and guarantees when a contract is being
negotiated. If the enterprise wins a bid, it should
strengthen communications with the government and
draft a sound government credit risk prevention and
control scheme to protect its own rights and inter-
ests.

5. Conclusions

As a means of alleviating the financial pressure of local
governments, improving the regional environment, cre-
ating a good investment and development environment
for a city, and providing guarantees for people to live
and work in peace and contentment, the Public-Private
Partnership (PPP) model has been playing a more
and more crucial role in the development of China’s
infrastructure. However, government credit risk has
become a concern for the participation of the private
sector in PPP projects.

This paper established a government credit risk
index system for non-profit PPP projects in China
based on Wuli-Shili-Renli (WSR) methodology and the
Interval-Valued Hesitant Fuzzy Sets and Intuitionistic
Fuzzy Analytic Hierarchical Process (IVHFSs-IFAHP)
model to calculate the comprehensive scores of each
risk index and level of government risk. Compared
with other evaluation methods, the application of

the IVHFSs-IFAHP model could not only reflect the
fuzziness of government credit risk index scores of non-
profit PPP projects, but also investigate the degree of
hesitation of experts in grading. It could reflect the
reliability of government credit risk index scores so
as to prevent the loss of information. The research
showed that the government risk of non-profit PPP
projects in China was at a high level. Therefore,
China should speed up the process of PPP legislation,
improve the credit system, strengthen the construction
of relevant institutions, and improve the contracts of
PPP projects to ensure rationality and operability of
the terms. Meanwhile, the private sector should care-
fully evaluate the government credit risks of projects,
strive to improve its own abilities, improve the level of
coordination and communication, and avoid or correct
possible government credit risks. This paper can
provide a reference for the private sector to assess
government credit risks and make sound decisions
when involved in PPP projects. Future research may
include:

1. A global study of government credit risks, as there
are many differences in government credit risks
and indices can be compared. Such a study could
provide a reference for the participation of the
private sectors in PPP projects around the world;

2. A study on the interval relationships and interac-
tion mechanisms among the government credit risk
indices in non-profit PPP projects in order to help
the private sector handle government credit risks
more effectively.
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