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Abstract   
Safety in the urban water cycle is essential, as well as ensuring environmental protection, protection of 
public health and public safety. Climate change is one of the factors affecting urban water cycle safety, 
increasing the importance of the study and risk assessment of the matter. In this context, the European 
project PREPARED was developed, in order to help water services utilities to improve risk management 
associated with urban water cycle. Thus, this paper is the basis for the development and construction of a 
multicriteria decision analysis (MCDA) methodology for risk analysis and evaluation in the urban water 
cycle, integrated with what is proposed by PREPARED. It is intended for this methodology to be as 
comprehensive as possible in order to apply in similar problems. The proposed formal model will be 
assessed under ELECTRE TRI-C method. A briefly sensitivity analysis was conducted to the proposed 
methodology.  
 
Keywords: multicriteria decision analysis (MCDA), urban water cycle, PREPARED, risk 
assessment, water cycle safety plan (WCSP), ELECTRE Tri-C  

1. Introduction 
The risk management in the urban water cycle 
has been a growing concern, both on the part of 
water services utilities and consumers. 

The urban water cycle can be composed of 
several parts, such as water catchment basin, 
drinking water systems, wastewater systems and 
stormwater systems. Water services utilities may 
be present in the urban water cycle in one of two 
ways, the water supply systems (WSS) and 
stormwater and wastewater systems (SWS) 
(Almeida et al., 2010). 

Considering the current situation of Portugal, 
and the urban water cycle, aspects as weather 
dynamics and prospects for increasing 
temperature, annual precipitation reduction, 
precipitation intensity increment in a short time 
and the rise of the average sea level should be 
considered. They can represent significant risks, 
especially for people, but also to the socio-
economic activities, material goods, built 
heritage and nature (Cardoso et al., 2013). 

Thus, the interest in the study and risk 
assessment of the urban water cycle is 
increasing. Different risks may be compounded 

by the prospect of climate change and lead to a 
worsening of existing conditions and trigger the 
occurrence of new hazards or new risk factors in 
the urban water cycle (Almeida et al., 2010). So, 
recently, was funded by the European 
Commission the PREPARED project - Enabling 
Change (http://www.prepared-fp7.eu/). 

The objective of the present paper is the 
development and construction of a multicriteria 
decision analysis (MCDA) methodology, 
integrated with the one proposed in PREPARED. 
This paper’s problematic is based on an 
alternative proposal defined in the PREPARED’s 
water cycle safety plan (WCSP) methodology for 
risk analysis and evaluation. It is intended that 
this proposed methodology should be as 
comprehensive as possible in order to be applied 
to other similar problems. During the 
development of this methodology, the engineer 
responsible for the project in Portugal, Engineer 
Maria do Céu Almeida, from LNEC, played the 
role of decision maker. 

The paper is structured as follows. In section 
2, the main problem characteristics are 
presented. In section 3, relevant literature on the 
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MCDA methodology and the ELECTRE method 
is reviewed. The formal model is presented in 
section 4. In section 5 the model is applied to 
different historical events and a small sensitivity 
analysis is conducted in order to study the 
influence of the variation of certain parameters. 
Finally, in section 6 some conclusions are 
presented. 
 
2. The problem 
As mentioned before, it is intended to develop a 
multi-criteria methodology, complementary to the 
one that was used to estimate risk in the 
PREPARED’s application to the Lisbon’s case. 
This proposed methodology was developed and 
applied to a set of historical events in the Lisbon 
area.  

The portuguese PREPARED project’s 
responsible institute is LNEC - Laboratório 
Nacional de Engenharia Civil. It is a public 
science and technology institution, with several 
departments. The PREPARED project was 
developed in the Hydraulic and Environmental 
Department - HED. HED researches and 
technologically develops activities in the water 
field, and some of its main areas undergo 
maritime hydraulics, water industry support, 
environment, sanitary engineering, among 
others.

 1
 

Within PREPARED project a methodological 
approach was developed, the water cycle safety 
plan (WCSP), based on the risk management 
process (taking into account ISO 31000: 2009 
and ISO Guide 73: 2009) and compatible with 
other existing methodologies (Almeida et al., 
2014), such as, the water safety plans (WSP) 
which is applied specifically to water supply 
systems, in order to improve the assessment 
and risk management in the urban water cycle 
due to climate change

2
, for example, for water 

services utilities. 
One concern of water services utilities and 

their customers is the water supply under the 
best conditions, i.e. with an unquestionable 
quality. The water quality can be affected by 
occurrence of certain events. An event is defined 
as the occurrence or change of a particular set of 
circumstances that may have one or more 
instances, and may have several causes (ISO, 
2009a; ISO, 2009b). Considering the risks in the 
urban water cycle and the WCSP, major events 
can occur at three levels (Almeida et al, 2012): 

 regarding protection  of public health; 

 regarding public safety; 
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 regarding environment protection. 
The originally proposed WCSP framework 

applied in PREPARED consists of nine steps 
(Almeida et al., 2010), and is characterized by 
two levels, the integrated level of the water cycle, 
and the system level (Figure 1).  

 

Figure 1 – WCSP framework (Almeida et al., 2014) 

 
In the first level, analysis is carried out at 

macroscale, while in the second one the analysis 
is detailed. This paper proposes a methodology 
to be used as a tool for risk analysis and 
evaluation to be applied in steps 3 and 4 
respectively for the first and second levels 
mentioned above. In PREPARED project a 
method using a risk matrix was adopted, 
requiring the definition of scales to allow 
expressing the levels of probability and 
consequences of potential events. A matrix is 
used for the combination of both parameters to 
obtain the level of risk for each event identified 
(Almeida et al., 2010). 
 
2.1. Lisbon case 
Lisbon, for its location, is an interesting area for 
the application of studies for safety in the urban 
water cycle. It is located in the Tagus estuary, 
and in the Greater Lisbon area are located some 
wastewater treatment plants (WWTP), in 
particular one of the largest, the Alcântara’s 
WWTP. Related with the climate change, it is 
estimated that the tendency in the coming years 
is the increase of average air temperature and 
decrease in annual rainfall. The dry weather can 
severely affect the consumption of drinking water 
and the deterioration of water bodies’ quality. 

1. Commitment, assemble team and 

establishment of water cycle safety policy 

and context

2. Urban water cycle characterization 

3. Risk identification in the water cycle

6.Programme for action in critical situations 

at water cycle integrated level

7. Management and communication 

programmes and protocols

Water cycle level System level

S.1. Commitment, assemble team and 

establishment of system safety policy and 

context

S.2. System characterization

S.3. Risk identification 

S.4. Risk analysis and evaluation

S.5. Risk treatment

S.6. Programme for detection of critical 

situations

S.9. Development of supporting 

programmes

S
.1

0
. 
M

o
n

it
o

ri
n

g
 a

n
d

 r
e

v
ie

w

9
. 
M

o
n

it
o

ri
n

g
 a

n
d

 r
e

v
ie

w

S.7. Management of events

S.8. Management and communication 

programmes and protocols

4. Risk analysis and evaluation in the water 

cycle

5. Integrated risk treatment

8. Development of supporting programmes

Legend

Organisational loop

Regular process loop

Interaction between levels



 3 

There are possibilities that go through intense 
precipitation frequency increase in a short time, 
increase in the average level of the sea, 
increasing the frequency of coastal flooding 
(Cardoso et al., 2013). These phenomena may 
cause problems in many areas. Some of these 
problems, in Lisbon, pass through the excess 
flow and the flow capacity, increasing risks, 
floods and overflows resulting from the sewage 
system with limited hydraulic capacity. The 
sewage system is very complex, with, for 
instance, sewer pipes of different ages, sizes 
and materials (Cardoso et al., 2013). Lisbon 
includes several problem areas, as Belém, 
Alcântara, Ajuda, Baixa and the waterfront 
between Alcântara and Cais do Sodré. Thus, it 
can be shown the relevance for the assessment 
of events with potential risks. 

A very remarkable case of Lisbon’s recent 
history was the episode of heavy rainfall that 
occurred in Portugal, with particular intensity in 
the Greater Lisbon area, on the 25th November 
1967. Five hours of heavy rain, which caused 
one of the biggest floods in the area. Were 
counted more than 700 dead and about 1100 
homeless in Greater Lisbon. In some areas of 
the city people could move only by boat, with 
destroyed buildings, busted pipes, mud spread 
through the streets and even people trapped in 
carriages in Santa Apolonia’s station because of 
submerged railway lines

3
.  

 
3. Literature review 
The proposed methodology is a multicriteria 
decision analysis methodology (MCDA). This 
has been applied in the past to evaluate similar 
problems like the one considered in this paper. 
The main steps of ADMC methodologies are 
characterized by problem’s context, problem 
formulation, evaluation of alternatives and final 
recommendation (Bouyssou et al., 2006). The 
contextualization of the problem is carried out 
from the identification of the actors involved in 
the process and their roles, the goals or interests 
of the different actors and the resources 
allocated to each actor and to each object. In the 
problem formulation stage, it is important to 
establish with the decision maker what strategy 
to adopt, since each strategy can drive the 
decision aid process to different 
recommendations. So at this stage the set of 
potential actions that can be taken depending on 
the problem situation are identified, as well as 
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the number of areas of concern from which 
potential shares are observed, analysed, 
evaluated and compared, and the kind of 
expected outcomes. The third phase, the 
evaluation model, is the stage where the set of 
alternatives to which the model is applied is 
defined. The implementation of the evaluation 
model involves five steps: relations and functions 
that will be used for the customer's problem 
description; the set of elementary points of view 
on which alternatives are assessed; the set of 
criteria upon which each alternative is evaluated, 
taking into account customer preferences; all the 
uncertainties to be applied to alternative 
sanctions basic views; and finally the 
aggregation operators. The last phase, the final 
recommendation, checks whether the result of 
the evaluation is in accordance with the model 
defined previously. Also, it is important to 
analyse whether the result is consistent with the 
client's concerns, and the process of decision is 
in accordance with the problem. For such 
verification three parameters are recommended: 
performing a sensitivity analysis, robustness 
analysis and legitimacy analysis. 
 
3.1 Use of MCDA methodologies 
The application of MCDA methodologies for 
evaluation of water related problems is relatively 
recent, and the literature on the subject is still 
limited. However, the attractiveness of these 
methodologies has been increasing, and there 
are authors such as Hajkowicz and Higgins 
(2008); Hyde et al. (2005); and Chung and Lee 
(2009), which outline that the MCDA 
methodologies are an effective tool for the 
management of water resources, since they 
confer credibility, transparency and accuracy to 
the decisions.  
 
3.2 ELECTRE method 
The ELECTRE method belongs to MCDA 
methodologies, and is based on outranking 
relations.  
 Chung and Lee (2009) developed an 
alternative evaluation index (AEI), to determine 
the priorities of a range of alternatives, which will 
be applied to the catchment area of the river 
Anyangcheon in South Korea. This index 
incorporates hydrological simulation models with 
MCDA methodologies. For the identification of 
the alternatives ranking, different methods were 
used, being the ELECTRE II (Figueira et al., 
2005a) one of them. 
 Hyde et al. (2005) analysed two cases of 
water supply sources choices, considering 
conditions of sustainability, the environment, 
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social and regional and economic implications, 
and maximizing benefits and reducing costs. In 
the first case, in Fluemen Monegros, Spain, the 
problem involved the choice on what kind of 
irrigation to use, taking into account the region’s 
water sustainability problem. Five methods of 
ADMC were applied, being the ELECTRE-III and 
the ELECTRE-IV two of them. The second case 
corresponded to the selection of the wells’ 
location for water supply to the city. For such a 
problem four MCDA methodologies were used, 
in which the ELECTRE III was one of the chosen 
methods. 
 The ELECTRE methods consider the decision 
makers’ preferences and the actions 
performance, as well as the nature of the 
problem. The ELECTRE is based on the binary 
relation within a set of potential actions (Figueira 
et al., 2005b). The development of this method 
generated several evolutions of the base 
method, creating the ELECTRE family, being 
ELECTRE I, ELECTRE II, ELECTRE III, 
ELECTRE IV and ELECTRE TRI some 
examples of the family. The method to be 
applied differs according to the degree of the 
problem’s complexity, to the necessary 
information, or to the nature of the problem. 
These methods focus on pairwise comparisons 
(Belton and Stewart, 2002). These comparisons 
are required to obtain relationships of "a 
outranks b". Thus it is possible to affirm that 
these comparisons depend on the set of actions 
considered, and there may be changes in the 
hierarchy obtained, if this set suffers 
modifications. On the other hand, when new 
actions are introduced, the number of questions 
asked to the decision maker does not change, 
since both the thresholds and the weights are 
defined based on the criteria and not on the 
actions (Soncini-Sessa et al., 2007). The 
ELECTRE method can be considered complex 
and difficult to understand intuitively, if the 
decision maker has not knowledge of the same, 
because of the different data necessary for the 
application of the method. However, these data, 
allows analysts to generate various situations 
that enable obtaining more information about 
arguments made for and against the different 
decision alternatives, being a key factor in 
recommendations for more solid actions to 
decision makers (Belton and Stewart, 2002). 

Noting the interest and advantages of ADMC 
methodologies in evaluating water resources 
problems or similar problems, this paper aims at 
building a MCDA methodology for the risk 
assessment of the urban water cycle in Lisbon, 

followed by its evaluation by the ELECTRE Tri-C 
method, which belongs to the family ELECTRE. 
 
4. The formal model 
To structure any multi-criteria analysis problem 
related with risk classification is necessary to 
define areas of concern (AC), which 
incorporated, in general, fundamental points of 
view (FPV). Criteria (g) are constructed taking 
into account the elementary points of view (EPV) 
of each FPV. The EPV is characterized by 
elementary consequence jointly with its 
associated primary scale (Roy, 1996). 

The ACs are relevant to analyse a problem, 
and must be well defined and understood by all 
stakeholders in order to avoid ambiguities and 
misconceptions (Bana e Costa and Beinat, 
2005). 

For risk analysis methodology related with 
water safety plans, in this paper, will be 
considered five ACs. All of them are based on 
the vision of the water services utilities. 
 
4.1. AC1 - Social: health and safety 
Accounting for welfare of the population for 
health and safety. Intends to analyse the 
negative consequences that a particular event 
may have regarding people who are exposed to 
it. 

 g1: Impacts in people [min] 
EPV 1: Severity of injuries. Aims to assess 
how affected people were, considering the 
need for medical care 
EPV 2: Level of recovery of affected people. 
Evaluates the future repercussions on people 
affected with injuries or illnesses 

For the construction of this criterion the previous 
two EPVs are combined, taking advantage of 
multidimensional scaling (Bana e Costa and 
Beinat, 2005). A qualitative scale of five levels 
was created for the operationalization of this 
criterion. 
o L5: Considered situations involving deaths;  
o L4: Situations involving the need for 

hospitalization with permanent disabilities 
higher than 20%; 

o L3: situations in which the person needs to 
stay in the hospital for up to 7 days with 
full recovery from injury or less than 20% 
of permanent disabilities; 

o L2: Considered situations where there is 
full recovery of injuries and person needs 
medical care without hospitalization; 

o L1: Refers to situations in which the 
lesions do not require medical assistance 
and there is full recovery. 
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4.2. AC2 - Economic-financial 
FPV1: economic losses. Will be accounted both 
monetary losses related to the management 
company, and those of other utilities. Can be 
considered, for instance, costs that the water 
services utilities must take, or losses related to 
business opportunities that will no longer be 
viable.  

 g2: Economic and financial impact for the 
water services utility  [min] 

It is related to the costs that the water services 
utility may have to bear. These costs could 
account for damage (e.g., materials or 
equipment) or costs associated with 
responsibilities of the water services utility. 

EPV 3: Monetary value of direct costs, i.e. 
those involving the utility. Will be measured 
as a percentage of the annual operating 
budget (% AOB), starting with the value 0%, 
which corresponds to a zero impact on the 
utility. 

 

 g3: Economic and financial impact for other 
entities [min] 

It is related with economic losses, expressed as 
a direct or indirect impact on business or 
services, related to entities other than the water 
services utility. 

EPV 4: Business opportunity losses, i.e. the 
value of all business losses. Included are 
business losses that have not been possible 
to conclude or perform. Will be measured as 
a percentage of the annual operating budget 
(% AOB), starting from 0%, which 
corresponds to a zero impact on the utility. 

 
FPV2: Service continuity. Takes into account the 
service disruption impacts provided by the water 
services utility. It is necessary to see how 
affected will the service’s users be. This 
assessment will be made both internally, related 
with the utility’s service level, and to the utility’s 
provided services to the consumer. 

 g4: Continuity impacts of customer water 
supply service [min] 

It refers to the minimization of impacts on the 
water supply system (WSS), in particular, related 
with water services utility’s distribution system. 

EPV 5: Interruption time. WSS interruption to 
affected customers. Its primary scale is hours 
(h). It is characterized by a continuous scale, 
starting with the value 0, corresponding to a 
no service interruption. 
EPV 6: Hours without service, and counts 

the total number of hours that the affected 
customers were without WSS. Its primary 
scale is hours.client time unit, and is 

calculated as the sum of all hours without 
service for all affected customers. 

Taking into account that the two ranges above 
mentioned are continuous primary scales, for 
operationalizing g4 isopreference curves 
(Keeney, 1992) will be used. 

Figure 2 – Isopreference curves for criterion g4 
  

 g5: Impact on distribution services [min] 
It refers to the minimization of impacts on water 
distribution services for bulk water supply 
utilities. Because there is storage capacity, 
continuity of supply to final customers will 
typically be affected only if a daily supply is not 
ensured.  

EPV 7: Supply service distribution. This 
accounts for the water supply to the 
distribution system via tanks, ensuring the 
water supply continuity to end customers. 
This is measured by continuous scale 
percentage of daily average flow (% DAF). 
 

 g6: Floods’ impacts [min] 
Focuses on minimizing the impact that arises 
from flooding, which can occur, for example due 
to problems related to SWS or meteorological 
phenomena. 

EPV 8: Number of floods. Counts the number 
of properties that have suffered water 
infiltrations. Its primary scale is numerical (n), 
and represents the number of such 
properties. 
EPV 9: Flooded area. It is important to note 
the extension area affected by the floods. The 
primary scale is adopted square meter unit 
area (m

2
). 

Taking into account that the two ranges above 
mentioned are continuous primary scales, for 
operationalizing g6 isopreference curves 
(Keeney, 1992) will be used. 
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Figure 3 – Isopreference curves for criterion g6 

 
4.3. AC3 - Environmental 

 g7: SWS impacts [min] 
EPV 10: Untreated water discharges. Refers 
to the volume of untreated wastewater 
discharged, corresponding to a failure of the 
treatment service. The magnitude of the 
discharge is measured by the average value 
of the daily volume of affluent wastewater, 
under dry weather to the wastewater 
treatment systems - dry weather daily 
average flow (DWDAF). It has been adopted 
%DWDAF as the primary scale. 

 

 g8: Impacts on vulnerable areas [min] 
EPV 11: Vulnerable area affected. Will 
assess the impact on vulnerable areas, such 
as protected areas, sensitive areas, water 
catchment areas or perimeters for 
recreational use. Because it is quite difficult 
for experts to quantitatively define the 
affected area, it was decided to build a 
qualitative scale with 3 levels. 
o L1: No vulnerable area affected; 
o L2: Vulnerable areas affected with low to 

medium impact; 
o L3: Vulnerable areas severely affected or 

permanently damaged. 
 

 g9: Recovery of the affected areas [min] 
Focuses on minimizing the impact on the 
recovery time for an area affected for a given 
event. 

EPV 12: Recovery time. Aims to estimate 
how long the affected area will take to 
recover from the negative impacts. It is used 
as a primary scale the temporal unit days (d). 

 
 

4.4. AC4 - Image and reputation 
It enters into account with legal and civic 
responsibilities of the water services utility, given 
the performance and the utility’s reputation and 
image, relative to negative references in the 
media. 

 g10: Liability and compliance issues [min] 
EPV 13: Legal proceedings, considering 
cases involving the water services utility.  
EPV 14: Infringement of the water services 
utility. Includes non-compliance with 
procedures or licenses set out, both internally 
of the utility and externally. 

For the construction of this criterion the previous 
two EPVs are combined, taking advantage of 
multidimensional scaling (Bana e Costa and 
Beinat, 2005). A qualitative scale of five levels 
was created for the operationalization of this 
criterion. 
o L5: Intervention of regulator or government 

for severe breach of external legislation or 
licences; prosecution followed by 
conviction or loss of licence or concession; 

o L4: Breach of external legislation or 
licences with minor or moderate penalties 
or fines; Non-compliance with external 
standards or legislation or licences with 
high penalties or fines, but without loss of 
licence or concession; 

o L3: Non-compliance with external 
standards or legislation, no external 
action, with minor or moderate penalties or 
fines; non-compliance with internal 
procedures or guidelines and high 
penalties or fines; 

o L2: Non-compliance with internal 
procedures or guidelines or non-
compliance with external standards or 
legislation, no external action, with no 
liability issues; up to non-compliance with 
internal procedures or guidelines but with 
minor or moderate penalties or fines; 

o L1: No compliance or liability issues.  

 
 g11: Negative impact in the media [min]  

EPV 15: References in the media. It takes into 
account only the negative references related 
to the water services utility, since these are 
ones that harm the utility in terms of reputation 
and image, and may affect negatively public 
opinion in general. A qualitative scale of five 
levels was created for the operationalization of 
this criterion. 
o L5: Negative coverage, with national and 

international headline news; 
o L4: Negative nationwide coverage, with 

cover news; 
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o L3: Adverse reference in the national 
media and may be cover story; 

o L2: References mostly in local media not 
being cover story; 

o L1: No negative references. 
 
4.5. AC5 – Probability of occurrence of the 
event 
It was considered important to include the 
probability of occurrence of a certain event in the 
model. It may help to have an idea of the 
consequences of a particular event, with a 
certain probability of occurrence. 

 g12: Probability of occurrence of the event 
[min]  

It is related with the probability of a given event 
happen in an expected period time of five years. 
This likelihood is subjective, since an expert will 
measure this value. 

EPV 16: Likelihood, and is measured in 
percentage (%), starting with values from 0%, 
which corresponds to the non-occurrence of 
the event, up to the value 100%. 

 
4.6. Construction of the criterion 
performance framework 
Jointly with the decision maker, and using some 
historical data it was possible to build the Table 
1. Twenty-two events, an, were considered. The 
a1 is characterized by long periods of drought, 
due to reduced rainfall, causing SWS failures. a2 
also corresponds to a SWS failure, but this time 
due to failure of the treatment plant. a3 to a10 are 
related with intense rainfall periods, causing high 
flows. a11 to a16 are heavy rainfall periods events, 
causing flooding. Finally, a22 to a17 correspond to 
organic discharges into water bodies. 
 

Table 1 – Criterion performance framework

Events g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 g11 g12 

a1 N3 2 2 -55 75 0 0 – 0 N1 N4 0,5 

a2 N3 3 1 -65 80 0 0 – 0 N2 N4 0,6 

a3 N1 0,05 0,05 0 0 -0,10125 0 – 0,1 N1 N1 30 

a4 N2 0,05 0,05 0 0 -1,41875 0 – 0,05 N1 N1 7 

a5 N1 0,05 0,05 0 0 -1,108 0 – 0,1 N1 N1 35 

a6 N2 0,05 0,05 0 0 -1,75 0 – 0,125 N1 N1 5 

a7 N2 0,05 0,05 0 0 -0,10125 0 – 0,17 N1 N2 20 

a8 N2 0,05 0,05 0 0 -2,544642857 0 – 0,08 N1 N2 9 

a9 N1 0,4 0,6 0 0 -0,108 0 – 0,04 N1 N1 37 

a10 N2 0,7 0,3 0 0 -2,5625 0 – 0,06 N1 N1 6 

a11 N2 0,2 0,8 0 0 -8,75 0 – 0,04 N2 N2 15 

a12 N2 0,5 0,5 0 0 -12,5 0 – 0,04 N2 N2 5 

a13 N2 0,6 0,4 0 0 -12,5 0 – 0,1 N2 N2 25 

a14 N2 0,9 0,1 0 0 -15 0 – 0,11 N2 N2 6 

a15 N2 0,8 0,2 0 0 -11,25 0 – 0,06 N2 N2 18 

a16 N2 0,5 0,5 0 0 -12,85211268 0 – 0,13 N2 N2 7 

a17 N1 0,09 0,01 0 0 0 3 – 3 N2 N1 55 

a18 N1 0,08 0,02 0 0 0 95 – 5 N2 N1 0,3 

a19 N1 0,1 0 0 0 0 4 – 2 N2 N1 40 

a20 N1 0,09 0,01 0 0 0 5 – 4 N2 N1 63 

a21 N1 0,08 0,02 0 0 0 3 – 1 N2 N1 50 

a22 N1 0,09 0,01 0 0 0 2 – 1 N2 N1 46 

 
Taking into consideration these events, there is 
not enough information to fill the g8 column, 
therefore, the model evaluation done will not 
account for that criterion. 
 
5. Implementation of the formal model 
This chapter focuses on the application of the 
formal model presented above.   

To determine the weight of the criteria it was 
chosen the cards method (Figueira and Roy, 

2002) and the SFR software
4
 was used do help 

with the calculation of the criteria‘s weights, after 
the hierarchy of criteria and defining the number 
of white cards to use. In the presented case, and 
together with the decision maker, it was 
considered that the difference between the first 
and last criteria was 10 (Z = 10). The decision 
maker when questioned about the number of 
white cards to use decided to consider two 
hypotheses. The first hypothesis considers only 
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three white cards, while the second hypothesis considers four white cards (Table 2). 
 

Table 2 – Criteria weights for z=10 

 
To evaluate the model, it was used the 
ELECTRE TRI-C method (Almeida-Dias et al., 
2010). 
 
5.1. Definition of the different elements 
First, the set of categories, Ch, and the reference 
alternatives, bh, should be defined. These are 

presented in Table 3. Each Ch corresponds to a 
different level of risk: C5 – very high level of risk 
category; C4 – high level of risk category; C3 – 
moderate level of risk category; C2 – low level of 
risk category; and C1 – very low level of risk 
category. 
 

 
Table 3 – Reference categories 

  Criteria 

Ch bh g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 g11 g12 

 b6 N5 100 100 -100 100 -100 200 – 2555 N5 N5 100 

C5 b5 N5 50 50 -87,5 85 -75 150 – 1825 N5 N5 60 

C4 b4 N4 25 25 -75 60 -50 80 – 1095 N4 N4 30 

C3 b3 N3 4 4 -12,5 40 -2,75 30 – 365 N3 N3 8 

C2 b2 N2 0,9 0,9 -6,9 20 -0,25 7 – 183 N2 N2 3 

C1 b1 N1 0,1 0,1 -3,47(2) 5 -0,025 2 – 31 N1 N1 0,5 

 b0 N1 0 0 0 0 0 0 – 0 N1 N1 0 

 
Then the preference thresholds, pj, and the 
indifference thresholds, qj, were defined – Table 
4. In addition, the values of the criteria weights, 
wj, are also presented (Table 2), which were 

calculated by the cards method, as stated above. 
The indifference and preference thresholds 
defined along with the decision maker are taken 
as constant throughout the analysis in this paper. 
 

 
Table 4 – Parameters 

Criteria 
Performances Parameters 

Worst Best qj pj 

g1 N5 N1 0 0 

g2 100 0 3 5 

g3 100 0 3 5 

g4 -100 0 -0,35 -1,8 

g5 100 0 5 10 

g6 -100 0 0 -0,025 

g7 200 0 3 5 

g8 – – – – 

g9 2555 0 0,5 7 

g10 N5 N1 0 0 

g11 N5 N1 0 0 

g12 100 0 1 1 

 
The credibility level, λ, usually uses values of 
range between 0,6 and 0,7. So, for a first 
approach to the problem, it was chosen λ=0,60. 

Looking at the first hypothesis and using the 
criteria weights obtained for z=10 (Figure 4), it 
was found with the above parameters that 
59,09% of the events were assigned to the 

Criteria 

 First hypotheses - 3 white 
cards 

Second hypotheses - 4 white 
cards 

Weights Weights 

g12: Probability of occurrence of the event 14,1 15,1 

g1: Impacts in people 13 12,8 

g2: Economic and financial impact for the water services 
utility  

11,8 11,7 

g4: Continuity impacts of customer water supply service 10,7 10,5 
g5: Impact on distribution services 10,7 10,5 
g6: Floods’ impacts 10,7 10,5 

g10: Liability and compliance issues 9,5 9,4 

g11: Negative impact in the media 7,2 7,1 

g3: Economic and financial impact for other utilities 6 6 

g7: SWS impacts 4,9 4,9 

g9: Recovery of the affected areas 1,4 1,5 



 9 

category C1, which corresponds to a very low 
risk category, 31,82% were assigned to category 
C2, low risk category, and 4,55% were assigned 
to category C3, moderate risk category. The 
remaining event, a1, was assigned to different 

maximal and minimal categories. This is justified 
by the lack of information to assign only one 
category. In this case it was necessary the 
decision maker's collaboration to make this 
assignment, which resulted in the category C3 

 
   
 

 
 
 
 
 
 
 
 
 
 
 
 

a) First hypothesis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b) Second hypothesis 

Figure 4 – MCDA Ulaval
2
 results for z=10 and λ=0,60 

 
Then, and also for the first hypothesis, it was 
tested the model with a credibility level λ=0,70. It 
was detected a change in the minimum category 
of event a2, being the category assigned C2, 
instead of C3 (Figure 5). All the other event 
assignments to categories remained equal to the 
ones for z=10 and λ=0,60. 

Figure 5  – First hypothesis results’ excerpt with 
z=10 e λ=0,70 

 

When performed a small sensitivity analysis to 
the results obtained for the first hypothesis with 
values of z equal to 9, 8 and 7, merely are 
verified changes when the model evaluated for 
criteria weights corresponding to z=7 (Figure 6).  

With z=7 and λ=0,60, there has been a change 
in the assignment of the maximum category for 
the event a1, and a change in the minimum 
category for the event a2, remaining all other 
assignments the same. Regarding λ=0,70, 
modifications can be seen in the maximum 
assigned categories to events a1 and a2, in 
comparison with z=10 and λ=0,70, keeping all 
other assignments categories to events constant.  

Regarding the second hypothesis, it was 
found that regardless of the z used to calculate 
the criteria weights, as well as the used 
credibility level, the results were always the 
same, without changes in the assignment of 
events to the categories. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) First hypothesis b) Second hypothesis 
Figure 6 – First hypothesis results for z=7 
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Situations with values of z below 7 were not 
exploited, since it is already slightly away from 
the original 10 proposed by the decision maker. 
Taking into account all the results obtained, it 
may be possible to say that the model developed 
has low sensitivity to small changes in the 
parameters tested. 
 
6. Conclusions 
In this paper the construction and development 
of a MCDA methodology that can be useful in 
assessing events with potential risks associated 
with the urban water cycle is analysed. For 
events identified as relevant by stakeholders this 
methodology allows risk level to be estimated 
taking into account several dimensions of 
consequences foreseen. This is an essential 
step to set priorities for action for preventive 
measures, enabling the minimization of risks 
derived from these events. 

This study is an approach to such problems, 
so as future work development a few 
suggestions arise regarding, for instance, 
including in the model some criteria that were left 
behind. 
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