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Abstract Risk identification on hydropower project, the first step of risk management

process, is an extremely complex issue and has a significant impact on the efficiency of the

following risk assessment and control. On the other hand, finding out some more possible

risk factors among many risk ones is a multi-criteria decision making problem. This paper

develops an evaluation model based on the interval analytic hierarchy process (IAHP) and

extension of technique for order preference by similarity to ideal solution (TOPSIS), to

identify exactly the more possible risk factors under a complex and fuzzy environment. In

this paper, the IAHP is used to analyze the structure of risk identification problems in

hydropower project and to determine weights of the criteria and decision makers, and

extension of TOPSIS method with interval data is used to obtain final ranking of potential

risk factors in hydropower project. Risk identification on an earth dam is conducted to

illustrate the utilization of the model proposed in this paper. The application could be

interpreted as demonstrating the effectiveness and feasibility of the proposed model.
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1 Introduction

The concept of hydropower project management in China has changed gradually from

‘‘project safety’’ to ‘‘project risk’’ (Li 2009) since twenty-first century. Risk management

on hydropower project has been developed for nearly three decades, but in China it is still

in its infancy. As the first step of risk management process, risk identification is an

extremely complex and important issue. This issue is the foundation and an important

component of risk analysis, assessment and control and describes the possible negative

impact on systems, such as risk factors, the way of risk occurrence and risk scope. Its

primary aim is to find out where risks are and what induces risks, and to make a qualitative

analysis of the consequence. Besides in hydropower project, it identifies potential failure

geneses, failure modes and failure paths and has a significant impact on the efficiency of

the following risk decision making and control. Since hydropower project is a large-scaling

and complex system, risk identification is very complicated and requires a large amount of

human resources, material resources and financial resources. Although there are a large

number of conventional methods for risk identification, none of them is perfect in finding

out risk factors exactly. And most conventional approaches tend to separate risk identifi-

cation and risk assessment and can only deal with certain problems other than uncertain

ones, which are widely existed in the real circumstance. Thus, this paper develops a new

evaluation model based on the interval analytic hierarchy process (IAHP) and extension of

technique for order performance by similarity to ideal solution (TOPSIS) with interval data

to improve the reliability of risk identification on hydropower project.

The remainder of this paper is structured as follows: First, the literature review on risk,

risk management and risk identification is given, and the methods of IAHP and extension

of TOPSIS with interval data adopted in this paper are introduced in detail. Then, the

proposed model for risk identification on hydropower project is presented, and the stages of

the proposed approach are explained in detail. Next, risk identification on an earth dam is

conducted and discussed to illustrate the utilization of the model proposed in this paper.

Finally, conclusions and suggestions are discussed.

2 Literature review and methods

2.1 Risk, risk management and risk identification

As every coin has two sides, risk has a two-edged nature and is known as ‘‘a threat and a

challenge’’ (Flanagan and Norman 1993), or ‘‘the chance of something happening that will

have an impact on objectives; may have a positive or negative impact’’ (Smith et al. 2006).

But its negative impact must be emphasized in projects, especially in hydropower project.

In the field of hydropower project, the risk, defined by ICOLD on the 20th Congress in

2000, is a measure of the likelihood and severity of adverse consequences on life, health,

property and environment, and the product of the probability of adverse events and harmful

consequences (Kreuzer 2000). Risk management is ‘‘a system which aims to identify and

quantify all risks to which the business or project is exposed so that a conscious decision

can be taken on how to manage the risks’’ (Flanagan and Norman 1993), or ‘‘the processes

concerned with conducting risk management planning, identification, analysis, responses,

and monitoring and control on a project’’ [PMI (Project Management Institute) 2004], or

‘‘the culture, processes and structures that are directed towards realizing potential oppor-

tunities whilst managing adverse effects’’ (Standards Association of Australia, AS/NZS
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4360 2004). A systematic process of risk management on hydropower project is normally

divided into (1) risk identification, (2) risk assessment and (3) risk control and treatment

(e.g., Mojtahedi et al. 2010; Brandsater 2002; Duijne et al. 2008).

At present, risk management on hydropower project develops rapidly, especially in the

USA, Canada, Australia and Western Europe. Guidelines for Risk Assessment was issued

by ANCOLD in 1994 and then revised (ANCOLD 2003) in 2003; the risk analysis and

management techniques have been brought into dam safety management by BC Hydro

Company in Canada (Lou 2000) since the 1990s; ‘‘Dam Safety Decisions and Management

based on risk analysis’’ was researched and discussed as an issue on the 20th Congress in

2000; the bulletin on Risk Assessment in Dam Safety Management (ICOLD Bulletin

2003), issued by ICOLD in 2003, is mainly about the principles and glossaries of terms on

risk assessment and describes briefly the application of risk assessment in dam safety. But

in China, risk management on hydropower project lags far behind other countries. There

are only a few literatures on it (e.g., Jin 2008; Sun 2010; Yan 2011; Li 2011; Li et al. 2006;

Ma 2006). Now, accelerating the application of risk management on hydropower project is

an important and urgent task in China.

Risk identification is the first and most important step of risk management process.

Potential risk factors associated with hydropower projects are identified and ranked in this

process. As an intermediate process between risk identification and risk control and

treatment, risk assessment is to analyze the probability of failure induced by potential risk

factors in hydropower projects through qualitative or quantitative methods and to evaluate

the potential loss of risk. Once the risk factors of the project have been identified and

evaluated, proper risk control and treatment strategies must be made to deal with the

potential risks in the project implementation. The aim of risk control and treatment is to

remove as many negative impacts as possible and to assure the risk is as low as reasonably

practicable (ANCOLD 2003). However, it has been recognized that risk management

cannot eliminate all risks but only can identify appropriate strategies to assist project

stakeholder to manage them (Zou et al. 2007; Mojtahedi et al. 2010).

Belonging to project risk identification, risk identification on hydropower project is

considered as the most difficult problem in engineering for its systemic complexity and

intense uncertainty. There are a large number of techniques for risk identification, such as

brainstorming, Delphi groups, questionnaires and interviews, scenarios analysis, fault tree

method analysis, analytic hierarchy process and checklists. However, as stated by Hillson

(2002), there is no ‘‘best method’’ for risk identification, and an appropriate combination of

techniques should be used.

Generally speaking, hydropower project is huger and more complex than other projects,

so its reliability of risk identification is lower than that in other projects. However, the

disaster caught by its failure is severer than others. As a result, it may be helpful to develop

a new approach to risk identification on hydropower project. And the application of a new

approach in risk identification will be favorable to bring the maximum benefits of

hydropower project.

2.2 The AHP/IAHP method

The AHP method (Saaty 1980) is a systemic analysis method proposed by Saaty in the

mid-1970s. It is an approach to determine the relative importance of a set of activities in a

multi-criteria decision problem and is possible to incorporate judgments on intangible

qualitative criteria alongside tangible quantitative criteria (Badri 2001). In order to resolve

these uncertain problems existed widely in the real circumstance, recent research tends to
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focus on interval and/or fuzzy hierarchy process (Lipovetsky and Tishler 1999; Buckley

et al. 2001; Mikhailov 2002). In the literature, AHP/IAHP has been widely used for solving

many complicated decision-making problems including risk identification on hydropower

project (Dağdeviren and Yüksel 2008; Kahraman et al. 2003; Kular and Kahraman 2005).

The IAHP method adopted in this paper consists of the following steps (Zhu 2005):

Step 1: A complex multi-attribute decision making problem is broken down and

structured as a hierarchy of interrelated decision elements (criteria, decision alternatives).

A hierarchy has at least three levels: overall goal of the problem at the top, multiple criteria

that define alternatives in the middle and decision alternatives at the bottom (Albayrak and

Erensal 2004).

Step 2: Make a comparative judgment of the alternatives and the criteria. After the

hierarchy is constructed, prioritization procedure starts in order to determine the relative

importance of the criteria within each level. The pairwise judgment starts from the second

level and finishes in the lowest level alternatives. In each level, the criteria are compared

pairwise according to their levels of influence and based on the specified criteria in the

higher level (Albayrak and Erensal 2004). In AHP/IAHP, multiple pairwise comparisons

are based on a standardized comparison scale of nine levels (Table 1).

Let C ¼ fCjjj ¼ 1; 2; . . .; ng be the set of criteria. The result of the pairwise comparison

on n criteria can be summarized in an (n 9 n) interval evaluation matrix A in which every

element [aij
l , aij

u] (i, j = 1,2, ��� ,n) is the quotient of weights of the criteria, as shown:
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ð1Þ
Step 3: Check the consistency of the interval comparison matrix. N judgment matrices

are randomly generated from the interval comparison matrix A. Then the final consistency

ratio (CR) of each judgment matrix, usage of which let someone to conclude whether the

evaluations are sufficiently consistent, is calculated as the ratio of the consistency index

(CI) and the random index (RI), as indicated

CR ¼ CI=RI ð2Þ
The consistency index (CI) is

CI ¼ kmax � nð Þ= n� 1ð Þ ð3Þ

where kmax denotes the largest eigenvalue of the judgment matrix.

The random index (RI), determined by n, is given in Table 2.

Table 1 Nine-point intensity of
importance scale and its
description

Definition Intensity of importance

Equally important 1

Moderately more important 3

Strongly more important 5

Very strongly more important 7

Extremely more important 9

Intermediate values 2, 4, 6, 8
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The number 0.1 is the accepted upper limit for CR. If the final consistency ratio exceeds this

value, the judgment matrix is not a consistent matrix. After the final consistency ratios (CR) of

all judgment matrices are calculated, the degree of consistency (g) (Zhu 2005; Zhu et al. 2005)

of the interval comparison matrix is calculated as the ratio of the m and the N, as indicated.

g ¼ m=N � 100% ð4Þ

where m denotes the number of the inconsistent certain matrices whose final consistency

ratio (CR) is less than 0.1.

The number 60 % is the accepted lower limit for g (Zhu et al. 2005). If the g is less than

this value, the evaluation procedure has to be repeated to improve consistency. A math-

ematical method for finding the improper elements is proposed by Zhu et al. (2005).

Interested readers can check the content of (Zhu et al. 2005) for more details.

Step 4: Determine the weights of the criteria. There are a lot of methods for solving

interval comparison matrix and the method proposed by Zhu et al. (2005) is adopted in this

paper. The method defines three kinds of weights: wi
l, wi

u and wi
g.wi

l is the minimum one of

the weights for judgment matrices generated randomly from the interval comparison

matrix A and its calculation model is expressed as follows:

wl
i ¼ min wI

i

�
jI 2 INg ð5Þ

s:t: AI wI ¼ kmaxðAIÞwI ;
Xn

i¼1

wI
i ¼ 1 ð6Þ

aI
ij 2 �aij ð7Þ

CR AI
� �
� 0:1 ð8Þ

where I denotes the Ith judgment matrix, I = 1,2, ��� ,N; IN = {1,2, ��� ,N}; aij denotes the

element in the interval matrix; AI denotes the certain matrix generated randomly from the

interval comparison matrix A.wi
u is the maximum one of the weights for judgment matrices

generated randomly from the interval comparison matrix A and its calculation model is

expressed as follows:

wu
i ¼ max wI

i jI 2 IN ð9Þ

s:t: A
I wI ¼ kmaxðAIÞwI ;

Xn

i¼1

wI
i ¼ 1 ð10Þ

aI
ij 2 �aij ð11Þ

CR A
I

� �
� 0:1 ð12Þ

wi
g is the most possible one of the weights for judgment matrices generated randomly from

the interval comparison matrix A and its calculation model is expressed as follows:

min
I¼1;2;...;n

CR A
I

� �� �
ð13Þ

Table 2 The random index for n = 1–10

n 1 2 3 4 5 6 7 8 9 10

RI 0.00 0.00 0.58 0.90 1.12 1.21 1.32 1.41 1.45 1.49
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s:t: A
I ¼ ðaijÞIn�n; aI

ij 2 �aij ð14Þ

A
I wI ¼ kmaxðAIÞwI ð15Þ

The final weights for the interval comparison matrix A are given as (Chen 1996)

wi ¼
wl

iþ4 wg
i þwu

i

6
ð16Þ

All the three calculation models are highly nonlinear and can be solved by PSO or GA

using MATLAB (Zhu 2005, Zhu et al. 2005). Interested readers can check the content of

(Zhu 2005, Zhu et al. 2005) for more details of the method in solving weights of interval

comparison matrix.

This method can be used to determine the weights of decision makers as well as that of

criteria.

2.3 Extension of TOPSIS method with interval data

The TOPSIS (technique for order performance by similarity to idea solution) was first

developed by Hwang and Yoon (1981). Its basic principle is that the chosen alternative

should have the shortest distance from the ideal solution and the farthest distance from the

negative-ideal solution (Ertugrul and Karakasoglu 2009). In order to resolve lots of existed

uncertain problems in the real circumstance, the fuzzy TOPSIS method (Chen 2000;

Dağdeviren et al. 2009) and extension of TOPSIS method with interval data (Jahanshahloo

et al. 2009) are presented and developed. TOPSIS is a rational, understandable and

straightforward method for the solution of multi-attribute group decision-making prob-

lems. The extension of TOPSIS method with interval data is adopted in this paper. It

consists of the following steps (Jahanshahloo et al. 2009):

Step 1: Establish a matrix Dp, (p = 1,2, ��� ,m) for each decision maker. The structure of

the matrix can be depicted as:
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3
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ð17Þ

where Ai denotes the alternative j, j = 1,2, ��� ,J; Fi represents the i th attribute or criterion,

i = 1,2, ��� ,n; f pl
ij ; f

pu
ij

h i
is an interval value indicating the performance rating of each

alternative Ai with respect to each criterion Fj; by Dp (p = 1,2, ��� ,m). Note that there

should be m decision matrices for the m decision makers.

Step 2: Calculate the normalized decision matrix Rp ¼ rpl
ij ; r

pu
ij

h i� 	
for each decision

maker. The normalized value rpl
ij ; r

pu
ij

h i
is calculated as follows:
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The interval rpl
ij ; r

pu
ij

h i
is the normalized form of interval f pl

ij ; f
pu
ij

h i
.

Step 3: Construct the group decision matrix (G) as follows:

G ¼
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The grouping value for criterion j can be:

gl
ij ¼

Xm

p¼1

WDp � rpl
ij ; gu

ij ¼
Xm

p¼1

WDp � rpu
ij ; i ¼ 1; 2; . . .; J; j ¼ 1; 2; . . .; n ð20Þ

WDp is the weight of each decision maker where

Xm

p¼1

WDp ¼ 1 ð21Þ

Step 4: Construct the weighted normalized appraisal matrix. It can be calculated by

multiplying the normalized matrix by its associated weights. The weighted normalized

value vl
ij; v

u
ij

h i
is calculated as:

vl
ij ¼ wj gl

ij and vu
ij ¼ wj gu

ij; i ¼ 1; 2; . . .; J; j ¼ 1; 2; . . .; n: ð22Þ

where wj represents the weight of the j th attribute or criterion.

Step 5: Determine the positive-ideal and negative-ideal solutions. Now suppose alter-

native k,to define the ideals as:

A
þu
k ¼ fðvþu

1 ; vþu
2 ; � � � ; vþu

n Þg ¼ ðmax vu
ij ji 2 I0Þ; ðmin vl
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n o

ð23Þ

Aþl
k ¼ fðvþl
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j 6¼k
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l
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u
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A
�l
k ¼ fðv�l

1 ; v
�l
2 ; � � � ; v�l

n Þg ¼ ðmin vl
ij ji 2 I0Þ; ðmax vu

ij ji 2 I00Þji ¼ 1; 2; � � � ; J
n o

ð26Þ

where I0 is associated with the benefit criteria, and I00 is associated with the cost criteria.

Step 6: Calculate the separation measures, using the n-dimensional distance. The sep-

arations of alternative k from the positive-ideal solution Aþl
k ;A

þu
k

� �
are given as
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Similarly, the separations of alternative k from the negative-ideal solution (A�l
k ;A

�u
k ) are

given as
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Step 7: Calculate the relative closeness to the idea solution and rank the performance

order. The relative closeness of the alternative k can be expressed as

d�l
k

d�u
k þ dþu

k

�Rk �
d�u

k

d�l
k þ dþl

k

ð31Þ

where the Rk index value lies between 0 and 1. The larger the index value is, the better the

performance of the alternatives will be.

3 The proposed model for risk identification on hydropower project

A systematic process of risk management on hydropower project consists of three steps and each

step is complex and relatively independent. In this paper, we mainly propose a new model for the

first step, that is, risk identification. The proposed model for risk identification, composed of

IAHP and extension of TOPSIS methods, is designed in four main sections (Fig. 1). The initial

phase of the proposed model is establishing a group for risk identification on hydropower project.

The planning and executing phase consists of four sections: gathering potential risk data of

hydropower project, structuring decision hierarchy and assigning weights via IAHP, making

decisions by extension of TOPSIS and ranking potential risk factors. This phase should be

iterated in specific time intervals through hydropower project life cycle. The closing phase of the

model is documenting results and compiling lessons learned for the following two steps (risk

assessment and risk control) of risk management on hydropower project.

3.1 Section 1: gathering potential risk data of hydropower project

This section is mainly to determine potential risk factors based on historical information,

documentations of similar hydropower projects, monitoring data and so on. This section is
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the base of planning and executing phase, so the information should be detailed and

complete in order to determine potential risk factors correctly.

3.2 Section 2: structuring decision hierarchy and assigning weights via IAHP

After potential risk factors are determined, the decision hierarchy should be structured.

Then the criteria to be used for evaluation are determined, and decision makers are chosen.

Finally weights of criteria and decision makers are assigned using IAHP. The criteria of

risk identification on hydropower project and their definitions are given in Table 3. And all

criteria are considered beneficial. Decision makers in hydropower project are composed of

dam owners, discipline engineers, experts with specific knowledge in particular areas of

concern, stakeholders and so on.

3.3 Section 3: making decisions by extension of TOPSIS with interval data

Before executing extension of TOPSIS with interval data, some assumptions should be

considered: (1) Criteria are the same for all decision makers. (2) Criteria may have dif-

ferent weights but criteria’s weights are the same for all decision makers. (3) Decision

makers have different weights. The process of extension of TOPSIS with interval data is

explained in detail in Sect. 2.3.

3.4 Section 4: ranking potential risk factors

This section is to rank potential risk factors and to select the top five (generally) at the end

process of extension of TOPSIS. The top five will be analyzed carefully in the following

two steps of risk management.

Establishing a  risk 
identification group

Initial phase

Defining risk identification on 
hydropower project problem 

Using historical information,  
documentations of similar 

projects, monitoring data and 
so on

Determining potential risk 
factors

Determining the criteria to be 
used in evaluation

Structuring decision hierarchy

Choosing experts in 
hydropower project 

Assigning weights of criteria 
and decision makers via 

IAHP

Developing  process 
assumptions for extension of 

TOPSIS

Executing extension of 
TOPSIS technique

Determine the final rank

Selecting the top five 
(generally)  

Documenting results 
and compiling lessons 

learned

Section 1
Gathering potential risk data of 

hydropower project

Section 2
Structuring decision hierarchy and 

assigning weights via IAHP 

Section 3
Making decisions by extension of 

TOPSIS 

Section 4
Ranking potential risk factors 

Closing phase

Planning and executing phase

These sections should be iterated periodic based on monitoring information

Fig. 1 Schematic diagram of the proposed model for risk identification on hydropower project

Table 3 The criteria of risk identification on hydropower project and their definitions

Criterion Definition

C1 Existing and observing in other similar hydropower projects, including historical information

C2 The failure probability based on monitoring information and other operational information

C3 Time impact

C4 Cost impact

C5 HSE (Health Safety and Environment) impact
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4 An application of proposed model

4.1 Introduction of the hydropower project

Located in the Chuhe River, lower reaches of Yangtze River, the reservoir is large-scaled

and comprehensively utilized. It can contain 18.55 million m3 of water, and its normal high

water level, dead water level and check flood level are, respectively, 40.50, 31.60 and

43.20 m. It has comprehensive functions of flood control, irrigation, navigation, power

generation, cultivation, etc. Its flood control standards are designed for a 500-year event

and checked for a 1000-year event. The hydroproject mainly consists of a dam, a spillway,

an emergency spillway and a plant downstream of the dam.

A safety appraisal is held for the influence of natural erosion, damage by human and

animals and aging after the dam has been in operation for many years. According to the

result of safety appraisal, the prevailing problems are listed below.

(1) Dam foundation:

It is suspected that constructed diversion channel and natural blanket have been

destroyed, and dam foundation is vulnerable to damage by seepage. Cutoff trench,

which ranges from 0 ? 580 to 0 ? 670, is not sealed off, hence leading to a hidden

danger due to bypass seepage. Due to substandard grouting, severe bypass seepage

prevails at the right dam abutment during operational stage.

(2) Dam body:

Dam body is made of combination of materials which are high permeable and have

low dry densities. Those materials may leads to settlement cracks during operational

stage.

(3) Normal spillway:

The height of wing wall at upstream sluice and back filled soil behind the wing wall

are lower than required level. Hoist room is poor, in which the gate has a serious

leakage, the hoisting equipment is out of the service period, and the bridge head is

cracked and tilted. The cracks in the downstream are cress-crossing. Energy

dissipation is imperfect. Scour protection is not provided, and flow is highly

turbulent. The flood embankment on the right bank has been destroyed for many

times.

(4) Emergency spillway:

It has not been constructed since last failure.

(5) There are no management systems in the dam yard, such as safety inspection &

monitoring.

4.2 Decision hierarchy of potential failure modes of the dam

Based on the historical statistic data of earth dam failures and the engineering safety

appraisal materials, the decision hierarchy of potential failure modes of the earth dam is

constructed as Fig. 2. Xj (j = 1,2, ��� ,15) in Fig. 2 denotes potential failure mode.

4.3 Weights determination and relevant provisions

In order to rank these potential failure modes of the reservoir, some provisions should be

set first. Table 4 shows the conversion from decision makers’ descriptive scales to related

measures. Table 5 and 6 show the interval pairwise comparison matrices for criteria and
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decision makers, respectively. Table 7 shows the results obtained with IAHP. Table 8

shows a suitable measure of risk identification criteria which can be changed in different

countries and regions.
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Fig. 2 The decision hierarchy of potential failure modes of the earth dam

Table 4 Descriptive scale con-
verts to numerical measures used
within the contents of hydro-
power project

Scale Measure

Almost certain [0.9,1]

Highly likely [0.8,0.9]

Likely [0.7,0.8]

Possible [0.5,0.7]

Unlikely [0.3,0.5]

Rare \0.3

Table 5 The interval pairwise comparison matrix for criteria

C1 C2 C3 C4 C5

C1 [1,1] [1/3,1/2] [3,5] [2,3] [1,2]

C2 [2,3] [1,1] [4,6] [3,4] [2,3]

C3 [1/5,1/3] [1/6,1/4] [1,1] [1/3,1/2] [1/5,1/3]

C4 [1/3,1/2] [1/3,1/4] [2,3] [1,1] [1/2,1]

C5 [1/2,1] [1/2,1/3] [3,5] [1,2] [1,1]
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4.4 Evaluation of potential failure modes and determination of the final rank

By considering above information, each decision maker is asked to establish a decision

matrix by comparing potential failure modes under each of the criteria separately. Con-

sidering the weights of criteria and decision makers, the interval weighted group decision

matrix is presented in Table 9. Potential failure modes are specified by their codes. Then

we deal with formula (22)–(31) to calculate the separations and closeness for each potential

failure mode. Table 10 represents the final rank of the potential failure modes. Based on

the rank of potential failure modes, we choose the top five as the main failure modes of the

dam. And then risk assessment and corresponding measures will be carried out in order to

prevent possible potential dam failure in the following two steps of risk management in

hydropower project.

Table 6 The interval pairwise comparison matrix for decision makers

DM1 DM2 DM3

DM1 [1,1] [1,2] [2,3]

DM2 [1/2,1] [1,1] [1,2]

DM3 [1/3,1/2] [1/2,1] [1,1]

In practice, the number of decision makers should be large; here three decision makers are chosen to explain
the proposed model easily

Table 7 Results obtained with
IAHP

Criteria Weights (w) DMs Weights(WD)

C1 0.2228 DM1 0.4241

C2 0.4080

C3 0.0622 DM2 0.3725

C4 0.1189

C5 0.1881 DM3 0.2034

Table 8 Measure of risk identification criteria used within the contents of hydropower project

Scale C1 C2 C3
(months)

C4 C5

Almost
certain

[20 % of the failures 0.9–1.0 [12 ¥1 b–¥10 b 10,000–100,000
deaths

Highly
likely

15–20 % of the failures 0.5–0.9 9–12 ¥0.1 b–¥1 b 1,000–10,000 deaths

Likely 10–15 % of the failures 0.1–0.5 6–9 ¥10 m–¥0.1 b 100–1,000 deaths

Possible 5–10 % of the failures 0.01–0.1 3–6 ¥1 m–¥10 m 10–100 deaths

Unlikely 1–5 % of the failures 0.0001–0.01 1–3 ¥0.1 m–¥1 m 1–10 deaths

Rare \1 % of the failures 0.000001–0.0001 \1 \¥0.1 m No death

The measure of risk identification criteria can be changed in different countries and regions
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5 Conclusion

Risk identification on hydropower project is an important issue and has a significant impact

on the efficiency of the subsequent risk assessment, control and decision making. However,

there are a large number of potential risk factors and a large set of subjective or ambiguous

Table 9 Group weighted decision matrix of the extension of TOPSIS

Potential
failure modes

C1 C2 C3 C4 C5

X1 [0.0043,0.0075] [0.0149,0.0180] [0.0038,0.0046] [0.0045,0.0048] [0.0081,0.0089]

X2 [0.0172,0.0195] [0.0267,0.0286] [0.0053,0.0064] [0.0049,0.0051] [0.0083,0.0092]

X3 [0.0141,0.0167] [0.0285,0.0309] [0.0043,0.0053] [0.0043,0.0048] [0.0073,0.0082]

X4 [0.0072,0.0092] [0.0182,0.0202] [0.0042,0.0055] [0.0043,0.0046] [0.0080,0.0086]

X5 [0.0184,0.0204] [0.0043,0.0070] [0.0049,0.0061] [0.0044,0.0048] [0.0081,0.0087]

X6 [0.0156,0.0180] [0.0020,0.0044] [0.0046,0.0055] [0.0043,0.0045] [0.0082,0.0089]

X7 [0.0177,0.0199] [0.0319,0.0346] [0.0037,0.0046] [0.0043,0.0047] [0.0077,0.0084]

X8 [0.0216,0.0237] [0.0332,0.0355] [0.0030,0.0039] [0.0044,0.0047] [0.0075,0.0083]

X9 [0.0155,0.0176] [0.0352,0.0382] [0.0041,0.0050] [0.0044,0.0047] [0.0080,0.0086]

X10 [0.0163,0.0186] [0.0394,0.0415] [0.0061,0.0069] [0.0045,0.0048] [0.0083,0.0091]

X11 [0.0172,0.0190] [0.0293,0.0322] [0.0041,0.0049] [0.0043,0.0046] [0.0078,0.0084]

X12 [0.0055,0.0075] [0.0061,0.0089] [0.0054,0.0063] [0.0043,0.0046] [0.0079,0.0085]

X13 [0.0138,0.0174] [0.0246,0.0272] [0.0037,0.0044] [0.0044,0.0047] [0.0077,0.0085]

X14 [0.0099,0.0128] [0.0214,0.0239] [0.0051,0.0062] [0.0043,0.0045] [0.0082,0.0089]

X15 [0.0055,0.0077] [0.0111,0.0140] [0.0038,0.0047] [0.0043,0.0047] [0.0077,0.0084]

Table 10 The rank of these potential failure modes

Potential failure
modes

d?u d?l d-u d-l Interval index
value

Mid-point index
value

Ranking

X1 0.0331 0.0287 0.0162 0.0130 [0.2631,0.3901] 0.3266 11

X2 0.0163 0.0136 0.0308 0.0279 [0.5925,0.7419] 0.6672 7

X3 0.0165 0.0128 0.0316 0.0283 [0.5878,0.7686] 0.6782 6

X4 0.0287 0.0259 0.0190 0.0165 [0.3459,0.4490] 0.3975 10

X5 0.0377 0.0346 0.0172 0.0145 [0.2637,0.3507] 0.3072 12

X6 0.0404 0.0376 0.0140 0.0114 [0.2098,0.2850] 0.2474 14

X7 0.0119 0.0083 0.0362 0.0328 [0.6820,0.8817] 0.7818 4

X8 0.0096 0.0071 0.0387 0.0357 [0.7393,0.9032] 0.8212 2

X9 0.0108 0.0064 0.0386 0.0351 [0.7113,0.9288] 0.8200 3

X10 0.0078 0.0051 0.0422 0.0394 [0.7876,0.9486] 0.8681 1

X11 0.0142 0.0107 0.0336 0.0302 [0.6329,0.8212] 0.7271 5

X12 0.0398 0.0365 0.0083 0.0049 [0.1024,0.2010] 0.1517 15

X13 0.0199 0.0159 0.0284 0.0246 [0.5090,0.7029] 0.6060 8

X14 0.0245 0.0207 0.0238 0.0203 [0.4214,0.5798] 0.5006 9

X15 0.0356 0.0320 0.0126 0.0092 [0.1918,0.3056] 0.2487 13
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data in the process of risk identification. Therefore, this paper presents a new and effective

evaluation approach to improve decision quality.

The IAHP and extension of TOPSIS methods are used in the proposed model. IAHP is

used to assign weights to the criteria and decision makers, while extension of TOPSIS with

interval data is employed to determine the priorities of the potential risk factors. With the

above-mentioned structure, the proposed model differs from the present risk identification

models. Its criteria contain risk identification and risk assessment simultaneously. Also the

weights of criteria and decision makers are considered during the process of decision.

Meanwhile, interval judgments are adopted to adapt the real and fuzzy environment.

Additionally, the effectiveness and feasibility of the proposed model are shown in the

application. Based on the above, one can draw a conclusion that the proposed method is

prior and more accurate than conventional methods.

Although the model is developed and tested for risk identification on hydropower

project, it can also be used with slight modifications in risk identification on other projects.

In order to gain more accurate and reasonable results, some new models should be pro-

posed and used simultaneously to improve the quality of risk identification in the future.
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