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Abstract   

 The earth’s environment has suffered changes and modifications over time, the study of the 
consequences of those changes and modifications in the society and in the economy it is a recent matter. 
In order to monitor the environmental performance, countries and organizations around the world started 
to use methods to analyze and monitor the status of the environment, in order to obtain relevant 
information to support policy making at various levels. In Europe, one consensual form of monitoring the 
environmental status of each country is the formulation of Environment Quality Reports (REA, of Relatório 
do Estado do Ambiente). 

 In Portugal, the formulation of these reports began in 1987 and since then evolved to more 
complete, incisive and objective versions. REA have been prepared by the Agência Portuguesa do 
Ambiente (APA), a public institute that has suffered a recent restructuring to integrate various 
environmental entities into single one. 

 This dissertation develops a multi-criteria methodology to support the construction of the REA, in 
order to help the APA on its environmental performance assessment and risk in Portugal. To this end, this 
thesis develops an analysis of the REA published and performs a review of environmental and risks 
assessment methods from the literature in order to examine methodological and practical aspects that can 
be improved. This review and analysis of reports are the starting point to identify future lines of research. 

 So this thesis proposes a methodology for the development of an environmental and risk 
assessment system based in multi-criteria methodologies. This methodology is illustrated in the case 
study developed in APA. 
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1 - Introduction

 The promotion and planning of a 
sustainable development is a present concern of 
the European countries, in order to create a 

model of development that connects the 
environment, society and economy so that future 
generations are not jeopardized. 
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 For a continuous practice of sustainable 
development it is necessary to monitor 
economical, social and environmental indicators, 
both on a national and international level. These 
indicators are the basis for assessing a country 
status, but also allows to find its environmental 
level, relatively to other countries or targets 
proposed (Ivanovic et al., 2009). 

 In this context, laws were created in 
several countries to order the publication of 
reports with analysis of those indicators. These 
help the evaluation of the performance and 
development of each country and allows the 
general population to obtain updated information 
(Niemeijer, 2002). 
 
 By the 7

th
 of April of 1987, it was 

published in Portugal the Law of Bases of the 
Environment (LBA), with the goal of promoting 
and advocating sustainable development in 
society. For this, it is essential to constantly 
update the available information and monitor the 
status of the country, in order to support 
decision-making and performance analysis, so 
the LBA provides in the article 49º nº1 the need 
of submission of an annual report of the 
Environment Quality Report (REA, of Relatório 
do Estado do Ambiente).  

 This dissertation is focused on the 
current REA, the edition of 2012 which was the 
last one published, which has socio-economical 
indicators, but especially environmental 
indicators that support the assessment of 
Portuguese environmental status. This report is 
currently of the responsibility of the Agência 
Portuguesa do Ambiente, I.P., (APA) which has 
been recently restructured. Its goal is to analyze 
the different REA that have been formulated and 
presented, in order to find segments and facts 
that can be improved and thus make this 
information more consolidated, enhancing the 
REA as a tool to support communication, 
evaluation and development of economical, 
social and environmental indicators.  

 This analysis will be sustained by a 
literature review of the methodologies available, 
to support the monitoring and evaluation of the 
environmental status and the risks that may 
affect the environmental performance 

 Based on the methodologies used and 
the analysis of the bibliographic revision, a 
methodological design is proposed, which 

constitutes a helpful tool on the environment and 
risk assessment.  

2 – Case Study 

 On this chapter it is contextualized the 
REA’s history, goals and impact on the 
Portuguese society and the trends for future 
formulations. The REA is elaborated and 
published by the APA, so this chapter first 
contextualizes the agency in the national 
panorama, identifies its mission, main 
attributions and influence on the society, and 
finally contextualizes the problems identified in 
the formulation of the REA. 

2.1 – APA 

 The APA is part of the Ministry of 
Agriculture, Sea, Environment and Spatial 
Planning (MASESP), a public institution in the 
indirect administration of the Portuguese State 
and is endowed with administrative and financial 
autonomy (Ministério da Agricultura do Mar do 
Ambiente e do Ordenamento do Território, 
2012). 

 The agency has a crucial role in the 
development and implementation of 
environmental policies and sustainable 
development of the country, in order to protect 
and enhance the environment and provide 
quality services to the general population. It has 
a particular influence in the areas of water 
resources management; climate changes; 
conservation of nature; biodiversity protection; 
waste management; air quality; soil recovery and 
protection; prevention and control of noise; 
prevention of risks; voluntary environmental 
management systems ; environmental impact 
assessment and finally the environmental 
assessment of plans and programs (Ministério 
da Agricultura do Mar do Ambiente e do 
Ordenamento do Território, 2012).  

 This institution also promotes the 
development and maintenance of the National 
Information System of the Environment 
(SNIAmb), applies the international and 
community law on the environment, includes the 
Non-Governmental Organizations of the 
Envrionment (ONGA), supports the responsible 
Ministers for the environmental areas and also 
manages a network of several laboratories.  

 The APA aims to increase the level of 
protection of people and goods to situations of 
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risk, improve knowledge and information on the 
environment, strengthen public participation, 
ensure the involvement of institutions and also 
ensure excellence in the performance of 
assigned responsibilities. 

2.2 – REA 

 Nowadays, the publication of REA has 
been a regular practice in most countries in 
order to fulfill the 10

th
 Principle of the Rio 

Declaration and the Aarhus Convention, both 
based on the principle that people have the right 
to transparent information, timely and with the 
appropriate manner, about the status of the 
environment in the world and in their country 
(OECD, 1993). 

 The elaboration of the REA evolved from 
large and complex documents to reports focused 
on specific goals, with measurable indicators, to 
determine the performance of certain areas, 
provide clear and credible information about the 
status and evolution of ecosystems and society's 
response (Anderson et al., 1999). 

 The first report to be published in 
Portugal was in 1987 and since then it has been 
produced every year, following the international 
standards and practices, being fundamental on 
the communication and evaluation of 
environmental policy in the country (Agência 
Portuguesa do Ambiente, 2008) 

 The elaboration of the methodological 
REA suffered some changes over the years, 
mainly in its structure, extent, indicators, 
geographical and temporal coverage and 
dissemination platforms. The REA 2000, 2001 
and 2002 followed a model based on key 
indicators, in order to make the report more 
concise and structured. The REA 2004, 2005 
and 2006 showed a synthetic model, but 
organized by topic pages for each of the key 
indicators. On the other hand, the REA 1999, 
2003 and 2007 were prepared to analyze and 
develop a wide, and therefore more extensive, 
range of data (Agência Portuguesa do Ambiente, 
2008).  

 The annual periodicity of this document 
is relatively short, showing significant variations 
in key environmental trends. However, it is 
possible to evaluate the evolution of the results 
and determine the targets distance. To become 
possible a consistent data evaluation and 
comparison over the years, there were attempts 

to use the same indicators in REA, although it 
was not always possible (Agência Portuguesa 
do Ambiente, 2008). 

 The purpose of the REA is to present 
and disseminate an assessment of the 
Portuguese environmental status, becoming a 
key tool for the implementation, evaluation and 
monitoring of the environmental policy of our 
country. Part of the objectives, in a more specific 
way, are: to inform and promote the involvement 
of different stakeholders about the status of the 
environment; to allow the comparison of the 
environmental performance across countries; 
aggregate information from various regions and 
localities; identify environmental trends and gaps 
in environmental information; monitor and 
evaluate the achievement of objectives; plan and 
program the environmental policy, providing a 
tool for decision support, treatment of risk, and 
also to ensure environmental information 
requested by international organizations 
(Agência Portuguesa do Ambiente, 2008). 

 The REA 2012 mainly deals with data 
from 2011 and has a few changes when 
compared to the previous version, assuming a 
more synthetic approach with the 30

th
 key 

indicators, being presented in a paperback 
version that refers to the information available in 
SNIAmb (Agência Portuguesa do Ambiente, 
2008). 

2.3 – Problem Definition 

 In the 2008 questionnaire, the main 
problems identified by the respondents were the 
dissemination and participatory model of the 
REA. After analyzing all the conjectures of the 
published REA, especially the 2012’s version, 
there were other problems detected, such as: 

 Difficulty on maintaining the same indicators 
over time, due to lack of data in certain 
years. This problem results in some lack of 
consistency on the comparison between 
some indicators, because there isn’t an 
evaluation model that allows a comparison 
of the same indicator over the years. 

 By analyzing two different indicators, it’s not 
possible to compare them using a similar 
methodology or even describe what is the 
impact of a given indicator in a particular 
area of the environment or in the status of 
the environment in general, so there isn’t a 
constant model that allows an evaluation of 
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Structuration Evaluation 
Course for the 

Action 

the overall impact of the indicator in the 
environment or in a particular area. 

 There isn´t a comprehensive and constant 
assessment or structure of the possible risks 
that can affect the environmental 
performance of each indicator. 

 There isn’t a classification tool for the 
performance’s assessment that could be 
useful and concise for each criterion, which 
would help the reading for an ordinary 
citizen. 

 The objectives proposed with this 
dissertation are the following: 

 Design a model proposal for the assessment 
of the overall environmental performance, 
through a disaggregated assessment of 
each criterion and an aggregated evaluation 
of the performance in each area of concern 
and of the general environment 
performance, with a structuring and 
evaluation model of possible environmental 
risks. 

 Propose and design a concise and practical 
classification tool to assess the performance 
of each criterion, area of concern and overall 
environmental performance, allowing 
comparison between different criteria and 
areas.  

3 – Literature Review 

 On this chapter, the methods and 
methodologies used on solving similar problems 
in environmental and risk management are 
revised. 

3.1 – MCDA 

 In the last decade, the scientific 
community has joined forces in an attempt to 
build a sustainable system of environmental 
assessment (Paracchini et al., 2011). 

 Analyzing the disposal literature the 
techniques used on environment assessment, 
there are three more conventional: Life Cycle 
Assessment; Environmental Performance 
Indicators and MCDA. 

 The MCDA methodology is defended by 
M. Paracchini and R. Lahdelma, as in 
environmental planning and decision-making 
area is necessary to analyze contradict 
sociopolitical, economic and environmental 
judgements. There are always several 

alternatives to be considered on these 
processes, and various alternatives that can be 
evaluated on each criterion. All these inputs 
result in a vast amount of data and different 
views of various interested groups must be 
considered in the planning or environmental 
decision, so the MCDA methodology stands as a 
good tool (Lahdelma, 2000; Paracchini et al., 
2008). 

 Any MCDA’s model has four properties 
that make it practical and desirable for 
management: it takes into account various and 
multiple criteria, assists structuring the problem, 
provides a model that can serve as the subject 
of discussion, and offers a rational process, 
justifiable and explanatory decision model 
(Mendoza & Martins, 2006). 

 The MCDA models are built using three 
processes: structuring, evaluation, and creation 
of a course for a decision action (Bana e Costa 
et al., 1999). 

 

 

Figure 1 - Diagram MCDA (adapted of Bana e 
Costa et al., 1999) 

 Through the literature review of MCDA 
methods, used in environmental management, 
the following methods were analyzed: 
MAUT/MAVT; SMART; AHP; DEA; GP. These 
were used in various areas of environmental 
studies, and require different types of 
information. Some techniques affect the ranking 
of different options, others identify a great option 
or set of options acceptable or not acceptable 
(Kiker et al., 2005).  

 In environmental problems, the MCDA 
method must be well defined, easy to 
understand, particularly in its core elements, 
such as the modeling of their criteria and 
respective weights. It must be able to handle 
several stakeholders in the decision making 
process, as well as to manage different 
alternatives and criteria. The method must be 
able to thicken uncertain information due to time 
and monetary constraints. The necessary 
information about the preferences of decision 
makers are kept to a minimum level, so the 
method to be used on the present case will be 
designed by the facilitator (Lahdelma, 2000). 
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3.2 – Risk Matrix 

 The frequency of occurrence of extreme 
and unexpected events increased considerably 
over the years, so it is necessary to have 
processes that enable a risk assessment to 
proceed to the identification of risks, which may 
threat the environmental sustainability. Risk 
assessment in the environment can be a helpful 
tool to support environmental decisions, having 
in mind the probability and consequence of each 
risk analysis (Suter, 2001). The risk matrix is a 
classic tool, semi quantitative, used in different 
areas and organizations as a basis for risk 
management decisions (Ni et al., 2010; Wall, 
2011). Its construction is based on the following 
definition: risk level is the combination of the 
consequence and the probability of a particular 
negative event. These two variables are the 
matrix elements in the form of columns and rows 
(Ni et al., 2010; Wall, 2011). 

 The column line interception results in a 
risk index, that is, if the probability of a given 
event is p and c is the consequence level of the 
same event then the risk index is r. So after 
identifying a risk, the risk matrix, through the 
consequence level and the probability of that 
risk, categorizes according to a predetermined 
scale that risk to be created a management plan 
or mitigation action (Garvey & Lansdowne, 
2008). The risk matrix method has advantages 
and disadvantages. The last ones can be 
mitigated by following some rules on the 
construction of the matrix. The Figure 2 shows a 
risk matrix constructed with three rules: Weak 
Consistency; Betweenness; Consistency 
Coloring. Those rules were proposed by Cox, Jr 
(Cox, 2008).  

L – Low risk; green color. M – Medium risk; 
yellow color. H – High risk; red color. 

0,8~1 L L M H H 

0,6~0,8 L L M M H 

0,4~0,6 L L L M M 

0,2~0,4 L L L L L 

0~0,2 L L L L L 

Consq./
Prob. 

0~0,2 0,2~0,4 0,4~0,6 0,6~0,8 0,8~1 

Table 1 – Risk Matrix 5*5 (Cox, 2008) 

4 – Methodological Proposal 

 This chapter contains a proposal of 
methodology for the environmental assessment 
model, belonging to the area of MCDA. It also 
presents a methodology for structuring and risk 
assessment. 

4.1 – Multi-criteria Model 

 By analyzing the different MCDA 
methods, it was decided to apply a value, 
hierarchical and socio-technical model, based on 
the MACBETH methodology. It allows the 
individual evaluation of each criteria and area of 
environmental concern. By the time it is 
concluded, it will be possible to assess the 
global environmental performance of the country 
on each year (Bana e Costa & Oliveira, 2012). 

 The additive model (1) and hierarchical 
additive model (2) have the following formulas 
respectively (Bana e Costa et al., 2012): 

(1) 

    ∑        (   )        {
    (      )      

    (         )     

 

 
(2) 

 (                        )   ∑(     )

 

 

 

 The MACBETH methodology complies 
with the requirements referred for the MCDA 
model in this context. By using qualitative 
judgments of difference in attractiveness 
between the different levels of performance for 
each criterion (descriptor), it generates scores 
for each performance (Bana e Costa et al., 
2010). In order to facilitate the comparison of 
performance, this process is done between two 
levels of performance each time, using seven 
qualitative categories: null; very weak; weak; 
moderate; strong; strong; extreme. The weight of 
each criteria may also be derived from the 
MACBETH software, the M-MACBETH, through 
qualitative judgments once more (Bana e Costa 
et al., 2010). 

 MACBETH methodology identifies two 
levels of performance by default, "Neutral" that 
has a score zero (which is presented as a 
performance that neither is attractive nor 
repulsive to the decision maker), and "Good" 
that has 100 score (attractive level). The 
formulation of these two levels aims to anchor 
two references, facilitating the decision maker's 
judgments (Bana e Costa & Beinat, 2005). 
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 The construction of the multi-criteria 
model will have the following phases: structuring 
in tree value; performance descriptors; value 
functions; weightings; performance rating. 

4.2 – Structuring and Risk Assessment 
 
 The structuring of possible 
environmental risks intends to identify the most 
important risks and to structure them by area of 
concern, and then on a more specific within each 
criteria. The risks will be evaluated by their level 
of consequence (evaluation of the impact of 
each risk in each criterion with the help of a 
MCDA process) and by their probability 
(calculated with several historical data). 
Subsequently will be possible to build a risk 
matrix for the major risks. 

4.3 – Desired Outputs 

 It is pretended to assess each criteria 
and aggregate that evaluation in order to assess 
each area of concern and finally obtain an 
overall assessment of the global environment of 
the country. So it will be possible to get a 
performance score for each criterion, which 
allows their comparison, as shown in the 
example of Figure 2 (a). It will also be possible to 
perform the same analysis for different areas, as 
in Figure 2 (b). The performance rating is done 
by a "traffic light" scale, which simplifies the 
reading and indicates the level of performance 
for the different criteria in their area. 

(a) 

 

(b) 
 

 

 

 

Figure 2 – Performance Assessment in different 
criteria (a) in different areas (b) 

 After the application of the model in 
different years, it will be possible to analyze and 
compare the evolution of environmental 
performance in each criterion, and in each area 
of concern. In the final phase will be possible to 
perform the same analysis to the overall 
environment. It is intended to obtain an 
evaluation of the impact of the possible risks on 
each criterion too, this assessment will define 
the level of severity of each risk and what 
change can each risk have on the performance 
of each criterion. 

5 – Methodological Implementation  

 This chapter describes how the 
methodological proposal was implemented, 
specifically the construction of the multi-criteria 
model for evaluating environmental 
performance. Note that the proposed model for 
the structuring and evaluation of potential 
environmental risks that could affect the 
environmental performance, was not 
implemented, due to the complexity of multi-
criteria evaluation model which occupied the 
entire schedule for this dissertation. So the 
analysis and application of the structuring and 
risk assessment model can be taken by any 
entity later. 

5.1 – Multi-criteria Model  

 The whole structure of the model and its 
construction was supported by a technician 
belonging to APA, but the technician does not 
represent the interests of the APA on given 
judgments necessary to the building of the multi-
criteria model. 

5.1.1 – Structuring in Tree Value 

 The initial phase of structuring the value 
tree is of the most importance because it is the 
basis for the entire model to be built. So based 
on the information of the 2012 REA, were 
defined the following areas of concern: 
“Qualidade da Água”; “Alterações Climáticas”; 
“Qualidade do Ar”; “Resíduos”; “Qualidade do 
Solo e da Biodiversidade”; “Ruído”.  

 For this structural phase is necessary 
the identification of the PV (goals and concerns) 
and the PVF (reflects a core value and has the 
following properties: intelligible, consensual, 
isolable and operational. It is a criterion). 
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 On the following figure it is showed the 
value tree constructed with 18 PVF in red. 

 

Figure 3 – Value Tree with all the PV and the PVF 
in red 

5.1.2 – Performance Descriptors 

 The descriptor of a PVF is a range of 
performance levels of the particular criterion. In 
order to facilitate the later work of weighting the 
criteria, it was constructed a generic descriptor. 
The generic scale was proposed and discussed 
between the facilitator and technical decision 
maker, and it was decided that all descriptors 
should be formed by five levels or four if the 
objective for 2020 it is not available. 

 

 

 

 

 

 

 

Figure 4 – Generic Descriptor  

 The “Neutral” level represents a 
minimally satisfactory level of performance equal 
to the performance SQ (2011 performance every 
time possible or the last performance known) 
and the level “Good” an attractive performance 
(The goal proposed to 2013 is accomplished). 

 Some goals needed to be calculated by 
the facilitator, using forecast lines with historical 
data. One example of a descriptor is in Table 2 
where is presented the descriptors for the criteria 
of the “Qualidade da Água” area. 

 

Água Segura 
para 

Consumo 
Humano 

Água 
Balneares 
Seguras 

Água Superficial 
com 

classificação ≥ 
Boa 

2015 Goal 99,8 % 100 % 100 % 

2013 Goal 99 % 99,75 % 76,05 % 

2011 Goal 97,9 % 99,5 % 52,1 % 

Worst in 5 
years 

96,4 % 94,6 % 23,5 % 

Table 2 – Descriptor for the criteria from the 
“Qualidade da Água” area 

5.1.3 – Value Functions 

 After construction of descriptors is 
necessary to build the respective value 
functions, so each performance level 
corresponds to a score. Following the 
MACBETH methodology, the value functions of 
a criterion are obtain by judgments matrixes 
which are filled by qualitative judgments of 
attractiveness difference between the levels of 
performance of each criteria. So with the 
participation of the technical of APA was 
proceeded an experimental trial to be possible to 
construct the matrices. 

 To fill the judgment matrices are 
prepared by the facilitator questions, example: 
for the “Qualidade da Água para Consumo 
Humano” was questioned what is the difference 
attractiveness of a passage from the worst 
performance in the last five years (96.4 %) to the 
SQ performance (97.9 %), on this case the 
technician answered "moderate", which is 
possible to verify on the Figures 5. 

 After fulfill the matrix, the software can 
construct the value function for that criterion. 
That value function and the scores assigned to 
each performance can be adjusted by de 
decision maker if the consistency of the 
judgments provided is respected. 

2020 Goal 
 
 
2015 Goal 
 
 
2013 Goal 
 
 
Status Quo 
 
 
Worst in 5 years 

 

Good 

Neutral 
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Figure 5 – Judgment Matrix for the “Qualidade da 
Água para Consumo Humano” criterion 

 

Figure 6 – Value Function for the “Qualidade da 
Água para Consumo Humano” criterion 

5.1.4 – Weightings 

 In this phase was necessary to create a 
new M-MACBETH file for each area of concern, 
in order to be weighted the criteria for each area 
separately and be made an analysis of the 
environmental performance of each area. This 
process begins with the request to the decision 
maker to sort in order of attractiveness each 
swing level ("Neutral" to the "Good") of each 
criterion. For the area “Qualidade da Água” the 
criteria “Qualidade das Águas Superficiais” was 
considered the criteria that have the more 
attractive swing. The attractiveness of each 
swing is placed in the last column of the next 
judgment matrix. 

 

Figure 7 – Swings “Qualidade da Água” area 

 After ordering the criteria, it is necessary 
the fulfillment of the judgment matrix for each 
area. To fill each array is asked to the decision 
maker the difference in attractiveness between 
two swings of two different criteria. 

 

Figure 8 – Judgment Matrix for the “Qualidade da 
Água” weighting 

 The software after the fulfillment of the 
matrix delivers the weighting of each criterion for 
the area in study. The weighting can be adjusted 
once again by the decision maker if it is 
consistent with de judgments. After this it is 
possible to have a score for a performance in a 
criterion with the value functions and now it is 
possible to have a score for each area of 
concern. 

 For the overall environmental 
performance assessment was applied the same 
process of weighting, comparing swings 
between the criteria that had higher weight in 
each area. Thus is created a new M-MACBETH 
file with the following criteria: “Qualidade das 
Águas Superficiais”; “Efeito Estufa”; “Qualidade 
do Ar”; “Produção de Resíduos”; “Biodiversidade 
Marinha”; Ruído Ambiental”. These are the 
criteria that represent each area of concern in 
the existing model. 

 The weightings of each area are inserted 
in the additive model formula, since the score for 
each area was calculated already. The sum of 
each weighting and score for each area returns 
the overall score of Portugal environmental 
performance. 

5.1.5 – Performance Rating 

 The performance rating is a "traffic light" 
scale that can be used on the evaluation of each 
criterion, on each area and on the global 
environment assessment, so scores less than 
zero are identified with the color red, greater 
than or equal to zero and less than fifty are 
identified with orange, greater than or equal to 
fifty less than one hundred with yellow, and 
finally scores equals to one hundred or more are 
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identified as green. Thus, mostly, except the 
criteria “Estabilidade da Precipitação” and 
“Estabilidade da Temperatura do Ar à 
Superfície”, whose descriptors were constructed 
differently from the rest, if a criterion achieve the 
2013 goal will get at least 100 points and thus be 
identified with green, if the performance is 
between the SQ and 2013 goal will be identified 
with orange or yellow, depending if the 
performance is already close to the 2013 goal or 
not. Finally if the performance is lower than the 
SQ performance will be identified as red. 

 

Figure 9 – Performance Rating applied to 
“Qualidade da Água para Consumo Humano” 

criterion 

6 – Model Application 

 In this chapter is applied the multi-
criteria model to the 2012’s environment 
performance. The model was built to be applied 
to the environmental performance of 2012 or 
2013. The environmental data for 2012 it is not 
totally available, since REA 2013 is still under 
construction. Thus, the application of the model 
is an illustrative exercise that shows with the 
objective of showing the potential and the 
limitations of this model. Since some of the data 
it is not available it was used some 
extrapolations and predictions for the year 2012. 

 After inserting all the performances for 
all the criteria, it was possible scoring every 
criteria and every area, after that it calculated the 
score for the global environment performance for 
2012. In 2012 the global environment has 51,37 
so it is identified with the yellow color.   

 

 
Qualidade da 

Água 
Alterações 
Climáticas 

Qualidade do 
Ar 

Score 56,03 30,72 100 

Weight 0,2163 0,2325 0,2586 

 

 Resíduos 
Qualidade do Solo e da 

Biodiversidade 
Ruído 

Score 2,30 35,46 23,85 

Weight 0,1125 0,1463 0,0338 

Table 2 – Scores and Weights of every area 

 The area with the lowest score was 
“Resíduos” that is on orange level, but close to 
the red. There isn’t any area in the red level, four 
are in the orange level and two yellow. The worst 
criterion is “Estabilidade da Precipitação” with -
61.14, while “Estabilidade da Temperatura do Ar 
à Superfície” scored the highest, 171.11. In the 
total there are three criteria at the red, ten 
yellow, two in orange and three in green level. 

7 – Discussion and Conclusions 

 The model of structuring and risk 
assessment was not constructed which would 
result in the calculation of the impact of the 
possible risks in the various criteria that would 
complete the multi-criteria model constructed. 
Without the participation of all decision makers 
intended there was only the participation of an 
element belonging to the APA the presence of all 
decision makers in the respective stages of 
model building, would made the judgments less 
subjective and would made the model more 
accurate, realistic and appropriate to the 
environmental reality of the country. 

 For a more accurate construction of 
descriptors would be important the proposal of 
goals for each criterion, so it would not be 
necessary the use of other methods for 
calculating the goals, which always ends up 
being a prediction, even being supported by the 
past performance of a particular criterion. 

 The applicability of the model to the 
2012 performance has some limitations, 
because some of the data are estimates or 
extrapolations. The model can later be applied 
when the environmental performances of 2012 
and 2013 are fully disclosed. The APA should 
keep the same criteria over the years, enabling 
the possible evolutionary comparison of 
performances between criteria, areas and even 
global environmental performances. 
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 After the limitations and difficulties 
explained, the multi-criteria model presented 
shows great potential and applicability to the real 
problem. Namely has a structure that allows 
continuous and uniform assessment of all criteria 
individually, which was absent. This uniform 
assessment also aims to compare the various 
criteria in order to facilitate the allocation of 
resources in an attempt to improve the criteria 
that have worst score. The model also allows a 
more aggregate evaluation, by evaluating each 
area of concern and the global performance. 
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