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Abstract: Project risk management plays a fundamental role in the project management field. Project objectives may 
dynamically change in time, hence it is not easy to satisfy them, especially when related to complex projects. In detail, 
they can be subjected to several and different risk conditions which have an important impact on the project success. 
In this context, multi-criteria decision making (MCDM) methods are effective tools to carry out the risk 
management. In particular, the present research proposes the use of MCDM with a specific focus on the ELECTRE 
TRI method. The last one is able to evaluate and assign projects under analysis into ordered and different risk 
classes. The purpose consists in extending the idea of the “probability and impact matrix” tool by adopting a 
multidimensional perspective. The proposed approach is applied to a case study related to an Oil & Gas project and 
a sensitivity analysis is shown to demonstrate the robustness of the results. 
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1. Introduction 

The importance of risk management is largely affirmed in 
different contexts, for instance construction projects, ICT, 
economic and insurance fields, and so on [Badalpur and 
Hafezalkotob, 2015; Schieg, 2006]. In particular, this 
aspect is crucial for complex projects because a great 
number of factors [Yaraghi and Langhe, 2011; Cagliano et 
al., 2015], related to their realization, has to be taken into 
account. For example these factors can be relevant 
investments, execution processes, presence of many 
stakeholders, large number of resources, unpredictable 
legal and political environment [Guofeng et al., 2011], etc... 
According to the PMBOK Guide [2013], the risk project 
is defined as “an uncertain event or condition that, if it 
occurs, has a positive or negative effect on one or more 
project objectives such as scope, schedule, cost, and 
quality”. In the management of each project, a risk-based 
approach is fundamental to be applied by following the 
risk management process in a proactive and effective way, 
in order to reach the project success. Risk management is 
aimed at achieving project objectives, as scope, time, cost, 
and quality, and, consequently, at both maximizing 
positive events and minimizing negative consequences in 
terms of likelihood and impact. Considering the 
complexity and the multiplicity of aspects to take into 
account, the multi-criteria methods represent an approach 
to give a valid support in project risk management. 
MCDM methods enable the decision maker to analyse 
and evaluate possible different project alternatives, by 
considering also the impact of each aspect on the overall 
project performance. There are many papers focused on 
MCDM application related to the risk management 
process in projects field. In this direction, the first use of 
MCDM methods was made by Mustafa et al. [1991] which 

applied the Analytic Hierarchy Process (AHP) [Saaty, 
1990] technique to evaluate the risk related to a bridge 
building project. Dey and Mukherjee [Dey and Mukherjee, 
2005] propose a methodology based on the integrated use 
of AHP and decision tree. Samaras et al. [Samaras et al., 
2014] combine AHP and ELECTRE I to tackle the risk 
evaluation in dam building projects. Gohar et al. [2011] 
implement a risk assessment methodology based on fuzzy 
AHP. In this context, MCDM methods give a 
fundamental support also in Oil & Gas project. In fact, 
the general level of complexity in this field is continuously 
increasing due to global competition, price changes, legal 
environment, etc. [Berk and Rauch, 2016]. MCDM 
methods provide a good contribution because they permit 
to take into account both qualitative and quantitative 
factors that may often be in conflict with each others, 
considering different opinion given by a set of experts. 
Several works of research, founded on the use of the 
aforementioned MCDM methods in the Oil & Gas sector, 
have been collected by Neves et al. [2013]. Authors have 
reviewed many papers published from 1996 to 2012, in 
order to illustrate the implemented techniques in different 
real case studies. The AHP method is the most used tool 
in the analysed literature. For example, Alidi [1996] 
applied it for the waste management in a petrochemical 
industry; Dey [2001] proposes the AHP to support a risk 
model for the maintenance of petroleum pipeline; 
Bertolini and Bevilacqua [2006] suggest the use of the 
AHP to improve maintenance strategies of critical 
centrifugal pumps in an oil refinery; Zhang et al. [2012] 
assess the relief well risk related to drilling activities in 
South China Sea by means of the AHP, etc… Other 
Authors suggest the combined use of AHP with different 
techniques, for example the TOPSIS method [Li and 
Zhang, 2005]. Moreover, the PROMETHEE II was used 
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to select investments in Oil & Gas industries [Araujo and 
Almeida, 2009]; a fuzzy ELECTRE III method is 
proposed in the vendors selection process in an Iranian oil 
industry [Montazer et al., 2009]. 

The aim of the present paper is to suggest the use of the 
ELECTRE TRI method to manage the project risk, in 
particular an Oil & Gas project. It is herein proposed the 
use of the ELECTRE TRI method to obtain an 
assignment into risk classes of four pipeline route 
alternatives, evaluated under different criteria in a previous 
research [Benucci and Tallone, 2014]. In detail, the criteria 
represent technical and safety-based aspects. Furthermore, 
a sensitivity analysis has been conducted in order to 
evaluate the robustness of the obtained assignment.  

The remainder of the paper is organized as follow: section 
2 provides a risk management description considering the 
main project management standards, section 3 presents 
the proposed approach, in section 4 the case study is 
shown, section 5 illustrates a sensitivity analysis and, lastly, 
section 6 reports the conclusions. 

2. Risk Management 

There is not a unique manner to express the concept of 
risk and in literature there are many definitions related to 
this wide concept [Hagigi and Sivakumar, 2009; 
Lehtiranta, 2014]. According to the PMBOK Guide 
[2013] the term “risk” indicates an uncertain event or 
condition whose occurrence may have a positive or 
negative impact on one of the project objectives at least. 
Many important benefits derive by an effective risk 
management. In fact, if objectives were not reached, there 
would be a significant waste of time, money and also a 
negative impact on the company reputation [Aven, 2016; 
Drury-Grogan, 2014]. Therefore a good risk management 
permits to minimize threats and maximize opportunities. 
The main project management standards define the most 
important aspects related to the risk management process. 
The PMBOK Guide considers the project risk 
management as a process composed by the following 
phases: risk planning, risk identification, qualitative and 
quantitative analyses, risk mitigation, risk monitoring and 
control. This process has to be developed for the whole 
project duration. It is also necessary to provide all bases 
capable to effectively manage all risks, which may affect 
the broad accomplishment of the project. The PRINCE2 
defines the risk management as a systematic application of 
procedures related to identification, assessing, planning 
and implementation steps. These steps have to be 
sequentially conducted, while the communication step has 
to be developed throughout the whole risk management 
procedure [2009]. 

3. The proposed approach 

Among the ELECTRE methods, the ELECTRE TRI 
addresses to the assignment of alternatives into predefined 
and ordered classes on the basis of their evaluations under 
differently weighted quantitative and/or qualitative 
criteria. Let (C1, C2,…,Cn) be the classes ordered from the 
worst to the best one, whereas let j (1, 2,…, J) be the jth 
evaluation criterion among the whole set of criteria. Each 
class Ch (h=1, 2,…, n) is characterized by the lower profile 

bh-1 and the upper profile bh [Kadziński and Słowiński, 
2015]. ELECTRE TRI assigns alternatives to classes by 
two consecutive steps: 

 development of an outranking relation S that 
characterizes the comparison between the 
alternative and the limits of classes; 

 exploitation of the relation S in order to assign 
each alternative to a specific class. Two 
assignment procedures are suggested in such a 
step, namely the pessimistic and optimistic ones.  

As stressed by Lourenςo and Costa [2004], the ELECTRE 
TRI method is grounded on the outranking relation 
concept [Figueira et al., 2005] that is fundamental in all the 
ELECTRE methods. In detail, ELECTRE TRI develops 
an outranking relation S between each alternative a and 
profile bh (i.e. “a S bh”), whose meaning is “a is at least as 
good as bh”. Then, such an assertion needs to be validated 
on the basis of the concordance/discordance principles. It 
consists in verifying the existence of concordance among 
criteria in favor of the assertion that an alternative is at 
least as good as the profile, and that a strong discordance 
does not exist among the score values to reject the 
previous assertion [Mousseau et al., 1999]. ELECTRE TRI 

makes use of the credibility index (a, bh) є [0, 1] ((bh, a) 
respectively) to validate the outranking relation “a S bh” 
(“bh S a” respectively) as defined in the ELECTRE III 

[Certa et al., 2013; La Scalia et al., 2015]. Once all (a, bh) 
are computed, they are compared to the so called cutting 

level  to define the preference relation between a and bh. 

Specifically, the cutting level  is the smallest value of the 
credibility index compatible with the assertion “a S bh”. It 
belongs to the range between 0.5 and 1 [Roy and 
Bouyssou, 1993] and it has to be greater than: 

𝜆 ≥ 1−
𝑚𝑎𝑥𝑘𝑝𝑘
 𝑝𝑘𝑘

 
 

where pk is the weight of criterion k [Merad et al., 2004]. 

Therefore, the preference relation is indicated by  , I the 
indifference relation and R the incomparability relation, 
the following binary relations between a and bh may occur 
(Figure 1): 

- a I bh  a S bh and bh S a 

- a  bh  a S bh and not bh S a 

- a bh  not a S bh and bh S a 

- a R bh  not a S bh and not bh S a. 

(a, bh)  

(bh, a) < (bh, a)  

a I bha bhbh     aa R bh

yesnot

yesnot notyes

   

 

Figure 1: definition of the binary relations  , I and R 
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The second step of the ELECTRE TRI method concerns 
the alternatives assignment to classes on the basis of the 
outranking relations arising from the previous phase. 
ELECTRE TRI proposes two assignment procedures, 
namely the pessimistic and optimistic ones.  

The optimistic rule assigns the generic alternative a to the 
lowest class Ch for which the upper profile bh is preferred 

to a, i.e. bh a. The optimistic procedures can be stated as 
follows:  

- compare a successively to br , r =1, 2,…, n-1; 

- the limit bh is the first encountered profile such that bh 

  a; 

- assign a to class Ch. 

The pessimistic rule assigns the alternative a to the highest 
class Ch such that a outranks bh , i.e. a S bh. The pessimistic 
procedures can be stated as follows: 

- compare a successively to br , r = n-1, 2,…, 1; 

- the limit bh is the first encountered profile such that a 
S bh; 

- assign a to class Ch+1. 

A divergence exists between the two assignment 
procedures only when an alternative is incomparable to 
one or several profiles. Actually, the pessimistic rule 
assures the maximum caution and, in the presence of 
incomparability relations, it tends to assign the alternative 
to a lower (i.e. higher risk) class rather than the optimistic 
one. This is the reason why the pessimistic rule is 
preferred when a more conservative result is required.  

4. Case Study 

The present case study aims to obtain the clusterization of 
four different project alternatives into risk classes. In 
detail, the project alternatives represent four different 
pipeline routes (Ri) from a new offshore platform to an 
existing on-shore oil terminal. The input data used in this 
research come from a study led by Benucci and Tallone 
[2014]. Authors have defined the evaluation criteria and 
their meaning, assigned their weights and evaluated 
alternatives. In particular, each considered criterion 
represents a particular risk condition, as follows: people 
safety, environment, technical challenge and impact on 
schedule. 

The relative importance of each criterion respect the 
others has been determined by applying the AHP method 
[Saaty, 1990]. All criteria have an increasing versus of 
preference. In table 1 (Benucci and Tallone, 2014) is 
shown the matrix of pairwise comparisons between each 
pair of criteria and the relative obtained weights. 

Table 1: pairwise comparison and criteria weights 

 
People 
safety 

Environment 
Technical 
Challenge 

Impact on 
Schedule 

Weights 

People safety 1.00 3.00 6.00 7.00 0.56 

Environment 0.33 1.00 5.00 6.00 0.30 

Technical 
Challenge 

0.17 0.20 1.00 3.00 0.09 

Impact on 
Schedule 

0.14 0.17 0.33 1.00 0.05 

In table 2 (Benucci and Tallone, 2014) are shown the 
evaluations of each route Ri under each risk criterion. 

Table 2: performance matrix  

 People safety Environment Technical Challenge Impact on Schedule 

R1 6.00 8.00 13.00 6.00 

R2 13.00 27.00 24.00 26.00 

R3 57.00 9.00 57.00 56.00 

R4 24.00 56.00 6.00 12.00 

To fix the reference profiles, it has been established that 
the range of each class is equal to 20. This value is related 
to the evaluation range of all alternatives, the last one goes 
from 1 to 60 for each criterion, and the reference profiles 
correspond to the upper-bounds of the classes. Even the 
indifference (Ik), preference (Sk) and veto (Vk) thresholds 
have been determined by considering the [1; 60] interval. 
The reference profiles and the thresholds values for each 
criterion are reported in table 3.  

Table 3: thresholds values and references profile 

 
People 
safety 

Environment 
Technical 
Challenge 

Impact on 
Schedule 

Ik 10.00 10.00 10.00 10.00 

Sk 20.00 20.00 20.00 20.00 

Vk 40.00 40.00 40.00 40.00 

Profile 1 20.00 20.00 20.00 20.00 

Profile 2 40.00 40.00 40.00 40.00 

In figure 2 are reported the reference profiles and the 
three considered risk classes. 

 

Figure 2: reference profiles and risk classes 

Referring to the cutting level, in the present case study λ is 
assumed equal to 0.55. The optimistic and pessimistic 
assignment procedures give the same results because there 
are not incomparability relations. In table 4 is reported the 
assignment procedure of the routes into the risk classes. 

Table 4: assignment procedure of the routes to risk classes 

 Class 1 - High Risk Class 2 - Medium Risk Class 3 - Low Risk 

R1  X  

R2  X  

R3   X 

R4  X  
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5. Sensitivity analysis 

To verify the robustness of the solution, a sensitivity 
analysis is conducted on the obtained results by varying 
the value of the cutting level λ (table 5).  

Table 5: sensitivity analysis 

λ 

Optimistic assignment procedure Pessimistic assignment procedure 

Class 1 

High 
Risk 

Class 2 

Medium 
Risk 

Class 3 

Low Risk 

Class 1 

High 
Risk 

Class 2 

Medium 
Risk 

Class 3 

Low 
Risk 

0.50 / R1, R2, R4 R3 / R1, R2, R4 R3 

0.55 / R1, R2, R4 R3 / R1, R2, R4 R3 

0.6 / R1, R2, R4 R3 / R1, R2, R4 R3 

0.65 / R1, R2, R4 R3 / R1, R2, R4 R3 

0.70 / R1, R2, R4 R3 / R1, R2, R4 R3 

0.75 R1  R2, R4 R3 R1  R2, R3, R4 / 

0.80 R1 R2, R4 R3 R1 R2, R3, R4 / 

0.85 R1 R2 R3, R4 R1 R2, R3, R4 / 

0.90 R1 R2 R3, R4 R1 R2, R3, R4 / 

0.95 R1 R2 R3, R4 R1 R2, R3, R4 / 

1.00 R1 R2 R3, R4 R1, R3, R4 R2 / 

Table 5 shows the robustness of the solution; in fact the 
methodology provides the same results for the range [0.5; 
0.7]. It is possible to note that, when λ overcomes the 
value of 0.7, the assignment of the routes to the risk 
classes presents a remarkable variation. In detail, table 5 
illustrates that the optimistic assignment procedure tends 
to allocate the routes to best classes whereas the 
pessimistic assignment procedure to worst classes. 

6. Conclusions 

In this paper a MCDM approach for project risk 
management is proposed. In particular, the ELECTRE 
TRI methodology is applied; the last one enables to 
achieve the clusterization of four different alternatives 
into three specific risk classes. Specifically, a real case 
study of literature is analysed. The last one was aimed at 
ranking the different routes while the herein proposed 
methodology extends the concept of the probability and 
impact matrix by considering more dimensions. The 
considered criteria are related to people safety, 
environment, technical characteristics and schedule. The 
solution is in line with the results derived by the reference 
study, and it is also found as robust. In fact, the 
methodology gives the same results by varying the cutting 
level from 0.5 to 0.7. The used method provides analyst or 
decision maker with a synthetic framework to be used as 
information source in the selection of fundable projects 
and as a tool to monitor projects during their realization. 
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