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Abstract—Since PPP (Public Private Partnership) project is
playing an increasingly important role in the investment and
construction of China’s municipal works, considering features
like wide evaluation range and multiple risk resources while
conducting risk evaluation of PPP Project, this paper
establishes risk evaluation model by drawing on the theory of
relative risk model and introduces the concept of variable
weight to achieve further reasonableness. The results show that
this model is very effective for quantitative risk evaluation of
municipal PPP Project and can be a reference for studies and
practice of risk evaluation and management of this project.
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I. INTRODUCTION

As a public service supply mechanism distinct from
traditional mode, PPP has become a brand new one with
fastest growth in infrastructure and public service over the
past few decades. However, it should be noted that PPP
Project features long period, vast investment and high risks
owing to the complexity of its cooperative model, compared
with other projects. Practical experience tells that some
projects acquire extremely high risks [1]. In May, 2015,
when the Treasury issued the Notice on the Guidance on
Promoting Public and Private Partnership Model in the Field
of Public Service, China’s PPP Project has entered a stage of
rapid development. By the end of March, 2016, the number
of projects in the project library of National PPP Integrated
Information Platform has reached 7,721 with a total
investment of 8,780 billion yuan, which includes 2,704
municipal ones with the investment of 2,380 billion yuan,

becoming the industry with the most projects and second
largest investment. Owing to distinctive economic, financial
and policy environment, China’s municipal PPP Project
possesses unique definition and connotation. Thus, the better
way of quantifying PPP Project’s risks becomes the key to
improve its project efficiency. So conducting risk evaluation
of the municipal PPP Project has important research
significance.

When it comes to the risk assessment of PPP Project,
studies done by A. Akintoye, M. Macleod, J. Lyons and
others show that qualitative analysis of risks based on expert
experience, judgement and subjective evaluation is the
common method of risk assessment [2, 3]. As for qualitative
analysis, Monte Carlo simulation and sensitivity analysis
are the commonly used risk assessment methods for PPP
Project in previous studies. But since sufficient numerical
data is required for those two methods, they can’t be applied
to PPP Project’s risk assessment as widely as to its financial
evaluation and related risk assessment.

Hence, previous risk studies of PPP dominated by
qualitative analysis can merely provide the decision makers
analyzing project risk with suggestions on the priority order
of dealing with risks. This paper takes relative risk model as
the core, and introduces multi-index test, analytic hierarchy
process and expert judgment method to enhance the
objectivity and university of evaluation method. This paper
also seeks to propose an assessment method which combines
qualitative and quantitative analysis. Meanwhile, considering
the insensitivity of relative risk model towards the
equilibrium degree of combination changes, the concept of
variable weight is introduced to improve this model.
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1. MUNICIPAL PPP’s RISK ASSESSMENT MODEL

A. Relative Risk Model
Relative Risk Model (RRM) is a regional composite

pressure risk assessment method put forward by Landis W.G.

and Wiegers J.A. in 1997. In this model, hierarchical system
is adopted to evaluate various risk sources and habitats of
assessment units. Analysis of interactions among each factor
needing assessment can lead to a comprehensive method of
regional risk assessment, thereby achieving quantitative
assessment [5]. This model can effectively avoid the
excessive amount of risk factors and properly handle the
uncertainty in risk assessment process.

B. Variable Weight Theory

The concept of various is first put forward by Professor
Wang Peizhuang. It stresses that factor’s weight should
change in accordance with the change of its state value to
remedy the deviation [6, 7] caused by the decision of
constant weight. Based on the theory of factor space,
Professor Li Hongxing gives the axiomatic definitions of
variable weight and state variable weight vector and
establishes a set of axiomatic system [8] for comprehensive
decision of variable weight.

a. The definition of constant weight set

If within the function, w, <[0,1] (i=12-"n) ,
& Za;izl, the formula is called the constant weight
=1

synthetic function of constant weight W=(y,@,,-+, @, ).

b. The definition of variable weight set
A set (with m dimensions) refers to m mappings of

o, (i=12,---,m); Represented as:

o: [0 >[02] (gy-.9n) - @ (9, 9n)

Meanwhile, this mapping fit the following axiom:
Normalization: " @,=1

i=1

Continuity: @, (9,,9,.-9,) (i=12,---,m), each variable
is continuous.
Punitive feature: @, (9,,9,,-°9,) (i=12,---,m), o, is
monotonously decreased.

Let {a),(gl,---,gm)}(lﬁ < m) be a set of m
weight,

if Z:)(G):Z?(gl,---,gm):ZWj(gl,---,gm)ogj , then
=1

dimensional variable

Z:? is the variable weight of m dimensional variables.
c. Empirical formula of variable weight:
Let W= (@, o, ..., @,) be a set of constant weight,

-
suppose the ratio of constant weight /l”- =—L then comes
,
the empirical formula of variable weight:
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C. Structuring of Relative Risk-variable Weight Model

Considering the risk features of municipal PPP Project,
this paper upgrades RRM to produce an assessment method
suitable for it, which consists of following steps:

a. Structuring of risk assessment index system based on
materials collected and documents reviewed [9-12] of PPP’s
risk analysis. Risk sources, receptors, division of risk units,
and the coefficients of exposure-response paths can be
determined by adopting the way of semi-structured
interview and Delphi method.

b. Structuring of risk assessment model

Step 1 Suppose the number of risk assessment units is P,
then the structured set of assessment units is U={U;,
U,,..., Up}, while assessment unit U; refers to the set of risk
receptors with the number of g, represented as Ui={U;,
Uiz,..., Uig}(i=0,1,...,p), by analogy.

Step 2 Measure the influence degree of risk factors by
applying the Relative standard table of risk source’s strength
and frequency level.

TABLE I. RELATIVE STANDARD TABLE OF RISK SOURCE’S
STRENGTH AND FREQUENCY LEVEL
Strength Scores Frequency Scores
. High
High (7.5-10) probability (0.75-1.0)
Medium
Moderate (5.0-7.5) probability (0.5-0.75)
Low
Low (2.5-5.0) probability (0.25-0.5)
Very low
Very low (0-2.5) probability (0-0.25)

Step 3 Make the set of risk factors V={Vi, V,,..., V\}
be relevant to U; then the set of coefficients of exposure-
response paths is Ej={ ejj, €ij,....€ijq }, indicating the effect
of Uj on risk factors V1~V wi is used to represents the
weight of Uj; affected by the risk factor of t. Its calculation
method is shown as Formula (2):

€ijt

q
D &

@

Wy, =

Step 4 calculate the relative risk index value UjR (ij
refers to receptor’s subscript, is a natural number, more
detail is in Figurel.) of receptor Uj; The calculation method
is as follows:

U;R :iRt X Wi
®
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In this formula, R, represents the index value of the
receptor’s relative risk influence degree affected by t (t =1,
2,..., k_risk factors. (Definition: R =P, x f,. P, represents
the index value of harmful level of risk t, P.= (1,2,...,9),
the smaller the value, the lower the level of harm. f,
represents the occurrence probability of risk t, f €[0,1].)

Step 5 set up the set of relative assessment, as is shown
in Table 2.

TABLE Il. RELATIVE RISK VALUE CORRESPONDING TO
RELATIVE RISK LEVEL
Relative Risk Value
0.0-20 | 2.0-40 | 4.0-60 | 6.0-80 | 8.0-10.0
Risk Very . . Very
Level low Low Medium High high

Step 6 set up the set of weight coefficient:

The weight efficient set of the first layer of receptors is
Go0={G10, G20,G30}, the weight of other layers can be get
by using set factor analogy. The weight value of each index
is obtained by adopting analytic hierarchy process and the
results of Delphi questionnaire.

Step 7 multi-level fuzzy comprehensive assessment

Distribution membership function is applied to
determine membership vector function. Taking receptor U,
as an example, the matrix of the first level fuzzy risk
assessment is Ky =Gy o(UiR UR UpgsR UpgyR)T, which
can be the membership matrix of next level, by analogy, the
calculation method the matrix of U;’s second level fuzzy
comprehensive assessment can be concluded.

Kll
10

K

_Gn,O [Knm]_ (4)

By analogy, the general comprehensive assessment set
of K2 and K3 is Ky=Gg (K1 K2 K3).

Step 8 amend the assessment results according to the
theory of variable weight. Difference analysis should be
conducted to elements in Sets U;R & U;R. If any evaluation
factors with distinct gags exist in risk assessment units, their
assessment value requires amendment.

Il.  APPLICATION EXAMPLES

A. Project Overview

The planned total amount of investment is 106.4283
million Yuan, with 46.4283 million Yuan invested in
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expansion project of A reservoir and 60 million Yuan
invested in waterworks and supporting pipe network project.
The project capital is 43.2536 million Yuan, among which
12.066 million Yuan are from the government, with the
equity ratio of 27.9%, and enterprise investment is 31.1876
million Yuan, with the equity ratio of 72.1%. Bank loan is
64.8804 million Yuan.

After expansion, the A reservoir can provide 300,000m*
water to the surrounding areas for agricultural irrigation.
Besides, the buildup of waterworks will ensure 200,000m?
of domestic water for surrounding residents.

The construction period of this project is 5 years, and the
design working life is 35 years, including 20 years of
licensed operation period. The covering area of this project
contains three groups of villagers, involving migration of
143 local people.

According to calculations, the proposed water price is
lower than the water price of project total cost, but is higher
than that of running cost. The project can keep running, but
no profit ban be made. Considering the increasing water
demand in the project areas and obvious resources water
shortage, the current water price cannot really reflect the
scarcity of water resources in the regional. There is a good
possibility that water price will be raised. In this way, the
water revenue of this project will increase, therefore, the
project will be profitable.

B. Model Application

a. Structuring of risk evaluation index system

1. Division of Risk Units and Evaluation Factors

18 biggest factors that influence water conservancy
project are proposed as index of risk loss by the method of
semi-structured interviews and document review [9-13]. The
"political level risk", "market level risk" and "project level
risk" are considered as the three risk assessment units
respectively.

2. Selection of risk receptors

According to the characteristics of the municipal
engineering PPP project and performance evaluation factors
of engineering project, partnerships and public relations are
considered as the second risk receptor of political level risk
unit, and the financial risk and the risk of supply and
demand are considered as the second risk receptor of market
level risk unit. The construction quality, construction cost,
contract disputes, product or service quality is considered as
the second risk receptor of project level risk unit. The risk
evaluation index system is shown in Figure 1.

3. The analysis of exposure-effect. According to the
interaction relation of exposure-effect between assessment
units, the expose coefficient and effect coefficient are
assigned as 0/0.25/0.5/0.75/1. These five numbers
correspond, respectively, to inaction, weak indirect effect,
indirect effect, strong indirect effect and direct effect. Those
effects are empowered through the Delphi method.
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Risk receptors

Object

first level second level

U21 financial risk

U22:risk of supply and
demand

N U31:construction
quality

— U33:contract disputes

quality

<r U311:techinical risk
Ly U312:engineering /

— U32:construction cost ——>

—> U34:product or service — = U341:franchisee's capacity

— .
U213:exchange rate risk
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Index of risk
degree assessment
(third level)

risk sources

—> U211financing risk Financing difficulties
|~ U212:interest rate risk Interest rate change
<— Exchange rate change or foreign

exchange can not be exchanged

U221:Market Business competition with newly

competition(uniqueness) emerged identical projects
U222:change in market Demands change caused by
demands economic, demographic and other

Immature technology and poor
practicability

operation change Changes caused by design defects

U321 :overrun of operating Poor operational management

cost caused by demand change
: Unreasonable charges or lack of
- U331:change of charge _ elastic charge regulation
U332:expense payment The user (or government) fails to
risk pay the amount on time

Serous depreciation of

U333:residual value risk . .
equipmments upon the expiration

U334:conflict/imperfection
of contract

Unreasonable risk sharing and
vague responsibility boundary

Low construction and operation
efficiency owing to Franchisee's

S lack of capacity

Figure 1. RRM risk evaluation index

b. Application of risk assessment model

Step 1 The structured assessment unit set is represented
as U={the risk assessment of political level, the risk
assessment of market level, the risk assessment of project
level}; The assessment unit U;={partnership, public
relations}, the assessment unit U,={ the financial risk, the
risk of supply and demand}, the assessment unit
Us={construction quality, construction cost, contract
disputes, product or service quality}; by that analogy, the
lowest evaluation object can be structured as Uj
d=(0,1,...,p), j=(0,1,...,0)), as shown in Figure 1.

Step 2 calculating the influence degree of risk factors
U11~Usyy: 2.67, 7.30,7.18, 3.91, 8.62, 3.19, 0.67, 0.36, 1.75,
2.90, 2.67, 3.19, 2.24, 2.93, 5.40, 1.13, 2.90, 1.97.

Step 3 identifying exposure coefficient set.

Step 4 The index set of the third receptor’s relative risk
can be calculated, U;;;R~U3R={3.33, 1.73, 4.48, 5.64,
6.90, 2.12, 1.20, 0.89, 1.98, 2.67, 2.59, 3.27, 2.24, 3.64, 3.57,
1.66, 3.49, 1.97}.

Step 5 using analytic hierarchy process, combined with
questionnaire results of Delphi method, the weight set can
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be identified as G0,0= Gg0={0.41, 0.40, 0.19}, G,;,={0.38,
0.62}, G,0={0.42, 0.58}, G3,={0.24, 0.26, 0.38, 0.12}.

Step 6 the comprehensive fuzzy scores of project risk
can be calculated, as shown in Table 3.

Step 7 revising the assessment results according to
variable weight.

As can be seen from the Table 3, PPP risk assessment
value of municipal works is 3.39, it belongs to medium risk
level as Table 2 shows; But it is worth noting that the
assessment value of risk unit of political level is 5.19 in the
assessment results of the first risk receptor, which is
apparently higher than the assessment value 1.95 of risk unit
of market level as well as the assessment value 2.68 of risk
unit of project level. In the assessment results of the second
risk receptor, the risk assessment value of public relations is
much higher than the risk assessment value of “partnership”.
The reason why the assessment of risk unit of political level
is high is that there are relocation population and low credit
to the government (The fiscal revenue is limit and the debt
paying ability is poor.)

With the context of large differences in the various risk
units, the assessment results should be revised according to
variable weight. The steps are as follows:

1. Calculating the variable weight risk of receptors of the
second political risk unit and revising U;R as 6.49 according
to Formula (1).

2. By that analogy, calculating the comprehensive
variable weight risk and revising it as 4.14 according to
Formula (1). At this moment, the overall risk of this project
has shifted from low risk to medium risk.

TABLE IlIl.  COMPREHENSIVE FUZZY SCORES OF PROJECT RISK
Risk First
assessment Second level | Third level
level
value
3.33
3.44 1.73
5.19 478
5.64
6.35
6.90
2.12
1.58 1.20
1.95 0.89
1.98
3.39 2.208
2.67
2.59
3.04
3.27
2.23 2.24
3.64
2.68
3.57
2.97
1.66
3.49
1.97 1.97
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I1l.  RESEARCH RESULTS AND DISCUSSION

As a regional risk assessment framework for large scale
evaluation, relative risk model can effectively applied in the
PPP project risk assessment of municipal works, and can
objectively reflect the overall project and risk assessment
results of each unit. This model can effectively meet
complex assessment requirements of various risk sources
and risk impact of municipal works’ PPP project, and this
model is advantageous to the comparison between impact
results of different risk units to find and locate factors or
units with biggest effect more clearly.

Since the assessment framework of relative risk model
is based on risk assessment of independent unit, and the PPP
project of municipal works risk is a systemic problem, the
imbalance of assessment results of risk unit may lead to an
increase in systemic project risk. Therefore, introducing
variable weight can effectively weaken the influence of the
imbalance of assessment results of risk unit on the overall
assessment results. Constant weights reflect comprehensive
superiority degree of factors within the set and the relative
importance of each basic goals in decision-making process.
However, as for the value of different target value

w(F () ={v (W), (f, W)}

configuration ,
weight vector W=(a,, m,,--, ,) is fixed.

Therefore, there may be some irrational phenomenon
when it comes to practical problems. For example, as for

two factors with the same weight: Wl(f(u))

high risk} and v (fW)= {medium risk, medium risk}, the
calculated overall risk value is consistent and approximate.
From the perspective of mathematics, in the two-
dimensional representation, the synthetic function based on
weights is a straight line. But in fact, the indifference line of
a synthetic function that reflects equilibrium preference
should be a curve that towards the ideal point.

the

- {low risk,
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