
Abstract: A decision on a military strategic environment, such as the selection of a new naval base, is a complex process and in-
volves various criteria. In this context, few studies are available on the problems of military-naval transport decisions. Therefore, 
the aim of this paper is to present a maritime transport case study using a multi-methodology framework in a process of strategic 
decision making in logistics. Through a review of the literature, normative documents from the Brazilian armed forces, and 
interviews with military officers, criteria and preferences were identified and a hierarchical structure was constructed for a case 
study in the Brazilian Navy–the location of the second Fleet Headquarters. The results indicated that São Marcos Bay, in Maran-
hão State, was the best location among the alternatives. The multi-criteria approach was shown to be a valuable tool in assisting 
the decision making process and to understand the trade-offs between strategic and operational criteria in a transport decision.
Keywords: port selection; maritime transport; decision analysis; MCDA; Brazilian navy.

Resumo: Decisões em um ambiente estratégico-militar, como a seleção de uma nova base naval, são processos complexos 
e que envolvem diversos critérios. Neste contexto, poucos estudos estão disponíveis sobre o problema de tomada decisão em 
transporte militar-naval. Portanto, o objetivo deste artigo é apresentar um estudo de caso utilizando um método multicritério 
em um processo de tomada de decisão estratégico-militar em logística. Por meio da revisão da literatura, de documentos nor-
mativos das Forças Armadas e de entrevistas com militares, foram identificados os critérios, as preferências e foi construída 
a estrutura hierárquica para um caso real da Marinha do Brasil, na localização da segunda sede da Esquadra na costa Norte e 
Nordeste brasileira. O resultado indicou que a Baía de São Marcos, no Maranhão, é a melhor localização entre as alternativas 
consideradas. O método multicritério demostrou ser uma ferramenta válida para auxiliar no processo decisório e para enten-
der as compensações entre os critérios estratégicos e operacionais em uma decisão de transporte.
Palavras-chave: seleção de portos; transporte marítimo; análise de decisão; MCDA; marinha do brasil.
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1. INTRODUCTION

The process of decision making in logistic systems 
is important for organizations. In these cases, the analysis 
can be a complex procedure that involves many stakehold-
ers and different interpretations of the decision (Belton and 
Stewart, 2002; Goodwin and Wright, 2004). Applied to the 
military transport or defense sector, the choice in logistics 
aspects has impact and in many situations, can compromise 
the defense strategy of a country, such as selecting a site 
for a new military base (Brasil, 2007b; Paloyo et al., 2010; 
USA, 2010; Kerr et al., 2014).

Adding to the complexity of decision making in a 
strategic transport, the current stage of economic growth 
in Brazil has been demanding an ever greater expansion of 
its infrastructure throughout the country. Consequently, the 
Brazilian Armed Forces also have the need to expand its 

border security and protection activities. One of the sectors 
most directly affected by Brazilian economic is the ship-
ping sector and other maritime activities (Caruzzo et al., 
2012). Currently, the transportation of the major part of in-
ternational cargo is done by ship both in Brazil and through-
out the world (Brasil, 2009; Lama and Dai; 2012; Cruz et 
al., 2013a). In order to protect all maritime activities off 
the Brazilian coast, the mobilization of naval forces and its 
capacity for deterrence is critical (Brasil, 2007a; 2008). As 
expected, the existence of a nearby naval base helps sup-
port maritime activities, to mobilize the Brazilian coastal 
defense forces and ensures the Nation’s presence in a region 
where borders are not clearly visible.

The process for defining a naval base location in-
volves multiple objectives, since it serves for both the stra-
tegic and defense purposes of the country, as well as the 
operational features of naval ships. To aid in this process, 
various decision support methods allow us to structure the 
problem so as to model the judgments and preferences of de-
cision-makers. Some researchers emphasize that Multi-Cri-
teria Decision Analysis (MCDA) methods can be structured 
through the values of the problem context or organizations 
(Figueira et al., 2005; Montibeller and Franco, 2010; Cruz 
et al., 2013b). In other words, the application of the MCDA 
method consistently assists stakeholders in identifying the 
criteria and the construction of the decision process.

Therefore, this article purposes are: (1) to discuss 
a maritime transport case study in the process of strate-
gic military decision using a problem structuring and a 
MCDA method, and (2) to evaluate the key criteria for 
the location of a naval base on the Brazilian coast. The 
framework was applied in a real situation of the Brazil-
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ian Navy in the selection of the Second Brazilian Fleet 
Headquarters, as part of the requirements of the Brazil’s 
National Strategy of Defense (Brasil, 2008). The contri-
bution of this paper is to evaluate a military case study 
to structure a strategic decision in transport, supported 
by the multi-methodology, since studies on this subject 
and using this approach are more applied for commercial 
port selections.

2. STRATEGIC DECISIONS AND MARITIME 
TRANSPORT

2.1 Brazil’s National Strategy of Defense

Over the last decade, the Brazilian government began 
studies with the goal of creating a strategic review of the 
Brazilian Armed Forces. In 2008, the Ministry of Defense 
of Brazil issued a document called the ‘National Strategy of 
Defense’ (NSD) (Brasil, 2008). The NSD presents the prin-
cipal points for long-term planning for the Brazilian Army, 
Navy and Air Force.

One of the guidelines set forth in the NSD is to distrib-
ute the number of Armed Forces personnel/bases through-
out the States of Brazil. For the Brazilian Navy (BN), there 
is a strategic need to reposition its operating units so as to 
be more visibly present in the region of the mouth of the 
Amazon River as well as in the major watershed of the 
Amazon and the Paraguay-Paraná River. Currently the BN 
has a large concentration of effective elements in the South-
east region of the country, specifically in the Rio de Janeiro 
State. Therefore, it was proposed in the NSD, that the long 
term strategic objectives of the BN include the need to es-
tablish a new multiple use naval base, i.e., to service and 
receive all classes of vessels in the Brazilian Navy’s Fleet. 
It was also decided that the second navy fleet headquarters 
should be located close to the mouth of the Amazon River 
(North or Northeast of Brazilian coast).

According to Hicks and Raney  (2003) and Paloyo 
et al. (2010) in order to determine the location of a mili-
tary base, the decision must not only take into consideration 
the strategic and tactical aspects of the military transport 
system. The decision must also present a well-structured 
social/technical/political justification in order to consider 
its local and global impacts on society. The complexity of 
selecting a new naval base is amplified when the possible 
use of vessels is also considered. For example, the Royal 
Australian Navy and U.S. Navy includes in its naval oper-
ations concepts, logistical repositioning in accordance with 
the requirements of international humanitarian assistance 
operations (USA, 2010; Kerr et al., 2014).

2.2 Criteria for commercial port selection 

The vast majority of international trade (cargo) trav-
els by ship. Consequently, the locations of the ports for the 
distribution of these goods have a strong relationship to 
cost and trade competitiveness. In the scientific literature, 
many researchers have presented studies on the problems 
involved in the selection of commercial ports by applying 
various methods and criteria (Farahani et al., 2010). How-
ever, most of these papers are focused upon existing struc-

tures and do not take into consideration the need to build a 
port for military applications as well.

Initially Murphy and Daley (1994) highlighted some 
problems in the commercial port selection decision that do 
not take into consideration the operational aspects of cargo 
transportation. They also show that most studies thus far, 
have been focused on regional or subnational cases, utiliz-
ing a reduced range of factors, rather than examining as-
pects of international trade. In more recent papers Aversa 
et al. (2005) and Tran (2011) discussed various models, and 
applied Linear Programming to the factors that are import-
ant for port selection. Lirn et al. (2004) and Chang et al. 
(2008) raised the criteria for port locations, utilizing ques-
tionnaires distributed between companies and managers. 
The criteria for the selection of a civil marine structure were 
identified, taking into consideration the operational aspects 
and support for all activities related to the port. Another ap-
proach also identified in the literature is the development 
of the dynamic Decision Support Systems (DSS), in which 
the destination of a cargo ship is determined by criteria con-
stantly being updated. For a port selection for the Nether-
lands shipping industry (Langen, 2004), a population clus-
ter is defined as a geographically concentrated pool with 
diverse economic activities and relationships between orga-
nizations. In other DSS application (Lama and Dai, 2012), 
decision makers visualize a periodically updated ranking of 
port options for a given product market.

Magala and Sammons (2008) proposed a new approach 
for modelling the port selection, based on the competitive-
ness of ports in relation to the supply chain. This paper high-
lights some relevant criteria but not commonly used in other 
studies, for example, carbon emissions or specific service 
levels. Other multi-methods articles were applied to identify 
the best alternative port. Chou (2007) integrated fuzzy logic 
and the MCDA method for transporting containers. In this 
study, six criteria and eighteen sub-criteria were used, with 
the construction of a hierarchical structure for selection. Onut 
et al. (2011) also showed a case study of applying fuzzy log-
ic and the Analytical Network Process in Turkey. They used 
twenty criteria, grouped into six categories, for the selection 
of HUB containers. However there are other applications that 
only utilize multi-criteria methods for selecting the best com-
mercial option (Guy and Urli, 2006; Ugboma et al., 2006; 
Notteboom, 2011). In these papers, models were built uti-
lizing the perceptions of the various stakeholders, such as 
port service providers, users and customers. There are also 
a number of articles on commercial port evaluation where 
various criteria defined by groups, stakeholders, or via regu-
latory document were identified (Cruz et al., 2013a; 2013b; 
Madeira et al., 2013). In Brazil, the only in-depth study with 
the aim of selecting the new naval base for the Brazilian fleet 
was done by of the Federal University of Pará (Brasil, 2010). 
In this technical report only three criteria had been proposed.

In this literature review related to port infrastructure, 
a total of thirty-four different sub-criteria, divided into sev-
en main categories of criteria were identified. So it is the 
first identification of potential operational criteria for the 
selection of the naval base and that was evaluated by the 
Brazilian Navy’s decision makers, as shown below. The Ta-
ble A1 of Appendix displays a summary with main criteria 
identified in this literature review.
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2.3 Multi-Criteria Decision Analysis for Strategic 
Decision Making

Multi-Criteria Decision Analysis (MCDA) is an ap-
proach for comparing a set of alternatives with respect 
to multiple objectives (Figueira et al., 2005; Montibel-
ler and Franco, 2010). For this, it defines a set of criteria 
C={c1,...,cm} the decision process to select a finite set of 
viable alternatives A={a1,...,ak}. When each alternative 
necessarily leads to a specific outcome in the choice 
(without uncertainty), a suitable multi-criteria approach 
is through the Multi-Attribute Value Theory (MAVT) 
(Comes et al., 2011). On the other hand, the Multi-Attri-
bute Utility Theory is more appropriate to conditions of 
uncertainty in which each alternative leads to an outcome 
of probability distribution (Durbach and Stewart, 2012).

 As discussed by Keeney and Raiffa (1993) and 
Figueira et al. (2005), in MAVT the values of multiple 
criteria can be aggregated into a single value, allowing an 
overall evaluation of alternatives. In addition to MAVT 
facilitating the understanding of theory for decision-mak-
ers, the aggregation into a single value allowed the deci-
sion to provide support through a transparent assessment 
of alternatives (Edwards and Barron, 1994; Belton and 
Stewart, 2002; Leal-Junior and Guimarães, 2013).

MCDA applications available in the literature, com-
monly decisions are focused on alternatives that are relative-
ly simple to identify (Montibeller and Franco, 2011). More-
over, at the strategic level, the decision-making process con-
sists of a large number of alternatives, and often a finite set 
of criteria and viable alternatives conflict with the objectives 
(Hostmann et al., 2005; Montibeller and Franco, 2010).

 Decisions of a higher complexity can be more 
successful if built upon knowledge shared by stakehold-
ers with an assessment of all potential impacts (Keeney 
and Raiffa, 1993; Montibeller et al., 2006). Also accord-
ing to Keeney (1996); Franco and Montibeller (2010), the 
decision-making process must meet the preferences and 
values of the different users and institutions, i.e., struc-
turing and solving the problem must be constructed in 
conjunction with stakeholders. In the specific case of the 
Brazilian Navy, this solution could be through an assess-
ment that considers all strategic-military characteristics 
(Brasil, 2004; 2007b).

For Wallenius et al. (2008) and Ensslin et al. (2010) 
an important consideration in the application of MCDA 
methods is the support for decision making in a broad-
er sense. The MCDA aims to help the stakeholders think 
about the problem, as part of the construction of process. 
To Belton and Stewart (2002); Hostmann et al. (2005) 
also highlights the benefits of MCDA as it aids the deci-
sion-maker in learning about problems, their values and 
goals. The stakeholders and the organization can utilize 
MCDA in a problem-solving context in order to guide one 
toward the identifying of a preferred course of action.

According to Franco and Montibeller (2010), the 
main challenges in the MCDA methodology are the cri-
teria to be considered in problematic situations and re-
spective interactions. The multi-criteria approach is a de-
cision support tool for diverse applications which can be 
exemplified as: the selection/supplier performance (Ho et 

al., 2010) or decision situations applied to climate change 
(Konidari and Mavrakis, 2007). There are different meth-
ods available in MCDA, for several approaches to the 
performance evaluation criteria and the elaboration of the 
ranking of the alternatives.

Already in the context of strategic decisions such 
as the location of a military base, Montibeller and Franco 
(2007; 2011) propose the application of MCDA through 
considerable interaction between decision-makers and 
the facilitator, who is a professional who helps to under-
stand the process. As shown by Ensslin et al. (2010), if 
the strategic goals are established in a very general way, 
the multiple criteria can serve only to establish the choic-
es of alternatives to the situation context.

The way of structuring the problem, according to 
the several authors (Durbach and Stewart, 2012; Mon-
tibeller and Franco, 2011), is such that decision-making 
should not be initiated by the definition of the alternatives. 
It is important for the organization to initially identify the 
main strategic objectives of the decision. This approach, 
also presented by Keeney (1996), reinforces the values of 
the organization and must be considered before listing the 
alternatives. Montibeller and Franco (2011) point out that 
a good choice necessarily needs to have a method and an 
elaborate theoretical foundation, in which all the implica-
tions and consequences of the results are identified.

3. METHODOLOGY

3.1 Case study decision

The problem of structuring, or the process of identi-
fying the organization’s values and criteria relevant to the 
context, begins by reviewing the literature and analysis of 
the unclassified normative documents of the Ministry of 
Defense and the Brazilian Navy. Subsequently, through 
interviews, criteria and sub-criteria were selected and 
evaluated. The interviews were individual, with a total of 
seven naval-officers (Lieutenant Commander, Command-
er, and Captain) from the Brazilian Navy, all in leading 
positions, but in different roles in naval administration.

For this case study, the MAVT (Belton and Stewart, 
2002; Goodwin and Wright, 2004) and the Swing Weights 
approach (Montibeller and Franco, 2007; Gomes et al., 
2011) were applied. In this decision the MAVT was used, 
as it provides a more rational basis for the construction 
of the strategic decision model for naval base selection. 
In other words, the MAVT is used as a means of organiz-
ing the collection of information related to the decision, 
such as the identification and evaluation of all criteria. 
The stakeholder’s preferences were structured so as to 
represent the values and multiple objectives related to the 
naval base location problem.

Therefore, we built a decision making model consis-
tent with the organization’s values and preferences of the 
group of decision makers, without considering potential 
alternatives. These preferences were represented by the 
weights (constant scale) and value functions of the criteria, 
as presented below. Figure 1 shows the flowchart developed 
for the construction of the model as can be observed.

•	 Step 1: the problem was structured through the iden-
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tification of criteria for scientific literature and the 
association of attributes and values through regula-
tory/normative documentation of the Brazilian Gov-
ernment.

•	 Step 2: seven interviews were conducted with naval-of-
ficers. The purpose of these interviews is to validate all 
values and criteria identified in the previous step. In 
other words, every 34 pre-selected criteria were eval-
uated and it was defined which would be incorporat-
ed into the decision model. These criteria were also 
classified into Operational or Strategic criteria. A set 
of measurable attributes for naval base selection were 
also established in this step. However the process of 
preference elicitation was accomplished only with the 
input from the highest ranking naval officer (more ex-
pertise), as will be demonstrated below. Thus, in this 
case study, we are not considering a group decision 
processes with all naval-officers interviewed, where 
there is a need for more complex modeling integration 
preferences.

•	 Step 3: the pay-offs resulting from the implemen-
tation of potential alternatives were evaluated. This 
performance evaluation is a tool to improve the un-
derstanding of preferences, in order to represent the 
actual values of the interviewed officers.

Importantly, due to the limitations of this study, it 
was not possible to apply the brainstorming techniques 
(group decision), as proposed in the standards of the Bra-
zilian Navy (Brasil, 2006; 2007b). That is to say, a unified 

Figure 1: Flowchart of the decision model for naval base selection. 
[1]=literature review, Table A1 (appendix); [2]=(Brasil, 2003; 2004; 
2006); [3]=(Brasil, 2008); [4]=(Brasil, 2009; 2012]

interaction with the group of stakeholders involved in this 
case study has not been possible. However, the criteria, 
sub-criteria and their weightings of the decision model were 
established, even without a group meeting.

3.2 Criteria and preferences

According to the interviewed officer’s preferences, 
the criteria were divided into two main aspects. The first 
Strategic, built from the normative documents of the Min-
istry of Defense and the Brazilian Navy. The second aspect 
is Operational criteria identified from the literature review 
(Table 1). The complete definition of Strategic and Opera-
tion criteria are present in the Table A2 and A3 of Appendix.

After identifying the set of criteria, it is necessary to 
construct the value hierarchical structure (Table 1). Mon-
tibeller and Franco (2007; 2011) and Ensslin et al. (2010) 
propose a tool to improve the understanding of deci-
sion-making through the construction of impact levels and 
performance evaluations, which should represent local and 
global preferences of the decision maker. For Goodwin and 
Wright (2004) the preference of the users at different im-
pact levels, or the performance quantification is called the 
value function. This function is a way of ordering the inten-
sity of the preferences of the decision maker, the difference 
in attractiveness between potential actions. Through a range 
of values, the points that allow the adjustment of a value 
function representing the preferences are identified. This 
interaction with decision-makers is also known as elicita-
tion. This process identifies the details of value functions, 
but can be demanding. However, according to Edwards and 
Barron (1994), the contribution of those important details 
or more valuable choices is often negligible.

The additive value function V(a) was built from 
a comparison of the effects on each of the criteria. It can 
be determined by Equation 1 (Belton and Stewart, 2002; 
Gomes et al., 2011). 

    (1)

Where vi(a) is the value of each alternative on each 
criterion and wi is the criterion weights. The additive value 
function determines the total values of each alternative. So 
the recommended choice for the decision maker will be the 
alternative that gets the highest value. An important point is 
the additive value function (Equation 1) exists if and only 
if the attributes are mutually preferentially independent (for 
details, see Keeney, 1993).

In the construction process of the value function, 
as demonstrated by Montibeller and Franco (2007), one 
should identify the decision maker’s preferences with the 
most desirable value to be considered ‘best’ (best feasible), 
where all needs are met in a given criterion. Subsequently, 
one should establish the minimum value that can be consid-
ered ‘worst’ (worst acceptable), i.e., poor performance, but 
it would still be acceptable for the users and which would 
remain a viable alternative. These impact levels ‘best’ and 
‘worst’ are considered the anchor values for a range of func-
tions from 0 to 100. From the anchor values can be deter-
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mined the corresponding values of intermediate levels in 
the range of the function of each criterion. 

The numerical scales of operational sub-criteria were 
identified from the reports from Brazil’s National Agen-
cy for Waterway Transportation (Brasil, 2009; 2012) and 
subsequently validated and constructed in the interviews. 
Therefore, we identify the operational characteristics of 
each location, for example, the sub-criterion ‘tide’, and the 
senior decision maker indicated ‘best’, ‘worst’ levels and 
its value function. The MAVT also allows the construction 
of weights among the criteria by Swing Weights proce-
dure (Goodwin and Wright, 2004; Montibeller et al., 2006; 
Gomes et al., 2011). This technique provides a numerical 
index associated with the preferences of the criteria, that 
is, a way of determining the order of importance of the at-
tributes, also adopting a value scale of from 0 to 100, the 
most important being the higher value. In other words, the 
scale values are determined for different criteria, identify-
ing what is the preference for the decision maker and setting 
a value equivalent to the other, compared to the first. Then, 
we identify how the stakeholder is willing to lose (or re-
place) in a certain criterion and to gain in another. As a last 

Figure 2: Elicitation outline by Swing Weights.

step, once all values are scaled to all established criteria, the 
weighing of each attribute and their performance in each 
alternative is calculated as follows: (Figure 2).

Table 1 presents the set of criteria, sub-criteria, levels 
of impact identified and their weights of the final decision 
model.

Table 1: Criteria, sub-criteria and their weight (bracketed) and levels of impacts for the naval base selection.

Criteria Sub-criteria 1 Sub-criteria 2 Impact levels

ST
R

AT
EG

IC
(0

.4
0)

Dissuasion as a
result of sea denial

(0.45)

Mouth of the Amazon River (distance)
(0.75)

best: 0km
worst: 3,000km

Northern Maritime Border (distance to the northern limit of the 
Brazilian jurisdictional waters)

(0.25)

best: 600km
worst: 3,800km

Naval power
projection

(0.20)

Participation in the missions of UN responsibility (distance to 
Caribbean region)

(0.60)

best: 4,000km
worst: 8,000km

Participation in other international missions–African continent 
(distance to the west coast of Africa)

(0.40)

best: 5,000km
worst: 9,000km

Sea control
(0.35)

Defense of important economic infrastructure/facilities nearby 
location (number)

(0.50)

best: 50
worst: 1

Maritime activities in commercial ports near location 
(qualitative)

(0.30)

best: high
worst: low 

Defense of the state capitals (distance to the nearest capital)
(0.20)

best: 0km
worst: 150km

O
PE

R
AT

IO
N

A
L

(0
.6

0)

Change of tide (m)
(0.25)

-
best: 2m

worst: 10m

Channel depth (m)
(0.40)

-
best: 25m
worst: 9m

Pre-existence of a small 
naval base (yes/no)

(0.10)
-

best: yes
worst: no

Local infrastructure–
vicinity (qualitative)

(0.25)
-

best: high
worst: low
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The value function may be linear or not, depending 
upon the decision makers preference. In this case study, the 
functions were obtained by the bisection method (Goodwin 
and Wright, 2004; Montibeller and Franco, 2007). A senior 
naval-officer interviewed (highest hierarchy) indicates the cor-
responding value in the intermediate range of anchors levels.

The criteria that are used to determine the distance 
between the locations and Operational criteria ‘tide’, the 
value functions are linear, due to the preferences indicated 
by respondents. As for the other criteria, the value functions 
are presented in Tables 2 and 3.

Table 2: Value functions (nonlinear) for sub-criteria ‘defense of important economic infrastructure/facilities’ and ‘channel depth’.

Value function scale Defense infrastructure (nº) Channel depth (m)

100 (best) 50 25

75 28 14

50 15 11

25 6 10

0 (worst) 1 9

Table 3: Value functions (qualitative) for sub-criteria ‘maritime activities in commercial ports’, ‘pre-existence of a small naval base’ and, ‘local 
infrastructure’.

Value function scale Maritime activities Pre-existence of a naval base Local infrastructure

100 (best) high yes high
50 medium - medium
0 (worst) low no low

The use of the value function and weight criteria 
provide the decision-maker with an easy to understand and 
apply procedure according to eliciting in MAVT, while 
both are concepts for multi-criteria aggregation (Belton and 
Stewart, 2002). It is important to mention that two criteria 
(‘maritime activity’ and ‘local infrastructure’) were con-
structed from a qualitative scale for the measurement of a 
direct quantitative indicator. Note: there was no consensus 
among interviewees in this elicitation.

3.3 Pre-selection of alternatives

For the selection of potential locations for a naval 
base, it is noteworthy to mention that along the northern 
and northeastern coast of Brazil there are many points that 
can meet certain attributes. However, in order to make a 
viable pre-selection and at the same time to limit the via-
ble alternatives in this study, a common concept was used 
for the construction of infrastructure along the coast for the 
movement of large ships: a geographically sheltered area, 
such as a bay, estuary or river channel, and the availability 
of physical space for the buildings (Figure 3).

The values of all the criteria of pre-selected locations 
are presented in Tables 4 and 5, obtained through documen-
tary research with their characteristics.

Figure 3: Map of Brazil with the pre-selected location and the 
current the First Brazilian Fleet Headquarters.(Adapted: https://
www.mar.mil.br/secirm/portugues/leplac.html).
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Table 4: Pre-selected locations with the respective values of Strategic sub-criteria.

Locations

Strategic (distance in km/numbers in units)
Amazon 
river(A)

Northern 
border Caribbean African coast Facilities 

number
Marit. 
activities

Defense 
capitals(B)

Macapá 9 650 4,160 7,680 12 medium 0
Chaves 85 665 4,175 7,695 4 low 125
Belém 28 770 4,130 7,450 20 high 0
São Marcos Bay 555 1,150 4,445 6,905 25 medium 5
Fortaleza 1,170 1,710 4,970 6,115 30 high 0
Natal 1,650 2,180 5,440 5,660 20 medium 0
Cabedelo 1,850 2,335 5,610 5,570 15 medium 12
Recife 1,950 2,440 5,715 5,520 40 high 35
Salvador 2,650 3,155 6,430 5,695 25 high 15

(A)-shortest distance between the two rivers channel (north or south)/(B)-Nearest state capital

Table 5: Pre-selected locations with the respective values of Operational sub-criteria.

Locations
Operational (value in meters)

Tide Channel depth Pre-exist. Infra.
Macapá 3 10 no medium
Chaves 6 11 no low
Belém 6 9 yes high
São Marcos Bay 8 23 no high
Fortaleza 4 11 no high
Natal 4 10 yes high
Cabedelo 4 11 no high
Recife 5 12 no high
Salvador 3 18 yes medium

Based upon the values for Strategic criteria (Ta-
ble 4) and Operational criteria (Table 5), it was possible 
to establish scales of differences in attractions that meet 
the decision maker’s preferences (Ensslin et al., 2010). 
As considered viable alternatives, in order to contribute 
to the possible elevation of the intensity levels in each of 
the criteria, reevaluating the weights criteria and the value 
function scale.

4. RESULTS AND DISCUSSION

As discussed before, in the MAVT approach, the al-
ternatives are ranked in a value scale of from 0 to 100. The 
results are shown in Table 6, where the positions of alter-
natives can be seen, just considering the Strategic and Op-
erational criteria individually and also the value of the end 
result, taking all criteria into consideration (last column).

Table 6: Result of the alternatives for the location of the second Brazilian Fleet Headquarters considering Strategic and Operational criteria 
and all other criteria (final ranking).

Locations
Strategic Operational Overall performance

Value Rank position Value Rank position Value Rank position
São Marcos Bay 75 3 70 2 72 1
Fortaleza 73 4 62 5 66 2
Salvador 46 9 78 1 65 3
Recife 62 5 64 4 63 4
Belém 87 1 47 7 63 5
Natal 58 7 65 3 62 6
Macapá 78 2 46 8 59 7
Cabedelo 52 8 62 6 58 8
Chaves 61 6 31 9 43 9
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For the location of a new development or the selection 
of new sites, the literature discusses different aspects, usu-
ally based on certain demands by users, customers or busi-
ness attractions. In view of strategic decisions, the model is 
built in tandem with the stakeholder, given the values and 
strategies upon the organization. The decision in a military 
transport is essential because a naval base has an expected 
long-term operation, and it is an important means of defend-
ing the country.

Analyzing the results considering only the Strategic cri-
terion, the best alternative is Belém (score of 87), this is almost 
two times higher than the last placed option (Salvador) which 
is the furthest from the mouth of the Amazon River. When 
evaluating only the Operational criteria, the best location 
would be Salvador (with a score of 78; 2.5 times higher than 
Chaves, which was ranked last). Salvador presents the best 
operating conditions for receiving large navy ships. Finally, 
the São Marcos Bay, in Maranhão State, proved to be the best 
option for installing the Second Brazilian Fleet Headquarters, 
primarily due to the operational characteristics of the region. 
In overall performance, São Marcos Bay got a score 1.6 times 
higher than the last placed location (Chaves) and almost 10% 
higher than the second placed location (Fortaleza).

After the problem is structured by MAVT, enabling 
stakeholders to better understand the whole decision making 
process. Moreover, as presented in this paper, it is possible 
to identify the real stakeholders’ preferences, based on the 
value functions and the criteria weights. Therefore, the sets 
of trade-offs gained in the decision-making process involves 
the Strategic and Operational consequences arising from the 
location of the naval base. For example, in the perception of 
interviewees regarding the pay-offs, although the Strategic 
criteria are important for a military choice, the Operational 
requirements are limiting the classification of alternatives. 
As pointed out by one naval-officer: “a great place from a 
strategic point of view is not always a great place in terms of 
operating conditions”. This is extremely important for a large 
naval base to have the ability receive major ships, specifically 
the Aircraft Carrier A-12 “São Paulo”, which is the largest 
ship in the Brazilian Fleet.

On the compensatory rationality of MAVT (Keeney 
and Raiffa, 1993), trade-off judgments are important so as 
to identify the alternative that maximizes the satisfaction 
of the stakeholder, based on the overall result (multi-crite-
ria) potential solutions. For example, in the evaluation of 
the decision maker’s preferences (Table 1), the criterion 
of greater weight is the Operational (0.6) and the ‘channel 
depth’ sub-criterion (0.4). Therefore, the criterion Opera-
tional ‘channel depth’ is 24% the final value for the mod-
el. Regarding the Strategic criterion of greater weight, the 
distance to the ‘mouth of the Amazon River’, represents 
13.5% of decision model. That is, for the interviewers of the 
Brazilian Navy, it is acceptable a reduction in the Strategic 
attributes in order to have greater benefits in Operational 
attributes during the decision making process.

In examining the evaluation criteria by MAVT, quite 
often respondents demonstrated difficulties in consistently 
expressing and quantifying preferences, and often the inter-
action was limited by time factors leaving no possibility for 
a group meeting. However, despite the fact that the Navy’s 
decision had already been made in 2009 (Brasil, 2013), also 

opting for São Marcos Bay, the MAVT’s contribution to un-
derstanding the decision-making process was significant.

A Sensitivity Analysis was conducted so as to eval-
uate the possible effects of changing some parameters of 
the decision model, especially those of the weights, in or-
der to verify the robustness of options. This analysis was 
performed for the two main criteria (Strategic, Operation-
al), where it is possible to evaluate potential changes in the 
rankings, with the modification of the weights, i.e., the deci-
sion maker’s preference between criteria (Figure 4).

For Strategic criterion (Figure 4), which has the 
weight 0.4, it can be observed that the São Marcos Bay al-
ternative remains the best option from the minimum value 
of 0.23, below which the best location would be Salvador. 
To change the preference criteria in the Strategic higher 
than 0.64 the Belém would be the best alternative location. 
In Operational criteria, weighing 0.6 to São Marcos Bay 
stands as the best option for values between 0.77 (max) and 
0.36 (min), and from these extremes, the best alternative 
would be Salvador and Belém, respectively.

Therefore, even with a significant variation in pref-
erences between the two main criteria, the São Marcos 
Bay remains the best alternative, showing that the result 
is robust and that fully meets the preferences established 
by group of Navy Officers interviewed. On the other hand, 
in a technical report by the Federal University of Pará, the 
navy’s criteria are questioned (Brasil, 2010). According to 
this report, Chaves city was chosen as a suitable place for 
the new naval base. In this work, three technical criteria 
were evaluated: two for distance and one for channel depth, 
all being of the same weight. However, as can be seen in 
the results (Table 6), this location was last in the rankings 
because it only met the minimum requirements, but in com-
parison to the other alternatives, Chaves did not perform 
well in the total attributes considered.

Another way of looking to this Sensitivity Analysis 
is to construct the Pareto Frontier (Lu et al., 2011) and look 
for the non-dominated options. As show in Figure 5, where 
one can see that makes no sense in chose any alternative but 
Salvador, São Marcos Bay and Belém. In this fashion, the 
group of Navy Officers could be presented with these alter-

Figure 4: Ranking of the alternatives considering the variation of 
the weights between main criteria Strategic and Operational.
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natives and be told that any other alternative is “dominat-
ed” by these three ones, reducing, in this way, the following 
analysis work to be done by the decision maker.

5. CONCLUSION

This paper proposed a framework in the process 
of strategic military decision to evaluate the key factors 
in maritime transport choice regarding the location of a 
naval base. The decision model applied in this case study 
supported the organization’s values, and stimulated a 
systemic view in the identification and evaluation of 
criteria, in addition to the performance of the viable al-
ternatives for the location of the Second Brazilian Fleet 
Headquarters.

In Section 2 we showed an overview of Brazil’s 
National Strategy of Defense and identified the strategic 
criteria from the Brazilian Navy to transport decision. A 
literature review was analyzed to evaluate the technical 
criteria for commercial port selection and a total of thir-
ty-four different sub-criteria were identified and divided 
into seven main categories of criteria. The methodology 
proposed was presented in Section 3. We developed the 
model with the Brazilian Navy’s values and preferences 
from the interviewed military-officers. The framework 
was planned in three steps: problem structuring, crite-
ria evaluation with MCDA approach and performance of 
alternatives. The results and discussion are presented in 
Section 4.

To evaluate the framework proposed we applied it 
in a real case study to describe the problems of selecting 
a naval base location. The case study was structured in 
order to meet the strategic values presented in norma-
tive documents of the Brazilian Government (National 
Strategy of Defense and the Doctrine of the Brazilian 
Navy), for aspects other than that of seaworthiness of 

Figure 5: Pareto Frontier Analysis.

ships. The proposed multi-criteria approach increases the 
decision-maker’s confidence in analyzing the problem, 
since it helps to clarify his preferences and facilitates 
the understanding of the problem. A systemic view com-
bined with a different approach was applied, for problem 
structuring, MCDA and analyzing the multiple value di-
mensions involved in the naval base selection problem.

According to the different views from the litera-
ture, it is possible to affirm that exist several approaches 
to solve this class of problems. However, the framework 
based on multi-criteria method also provides a conflict 
resolution on some criteria, since the value function 
analysis allows a consistent assessment of the minimum 
operating requirements for the movement of Navy ships. 
Moreover, in this case study there were two sub-crite-
ria (‘local infrastructure’ and ‘maritime activity’) that 
were difficult to determine a numerical indicator, so a 
qualitative scale was applied due to a lack of consen-
sus on a quantitative measure. Due to these two criteria, 
there was also difficulty in modeling the users’ prefer-
ences as defined by MAVT. Although this type of scale 
is not appropriate because it allows some subjectivity 
among stakeholders, the decision model that was applied 
is transparent, in order that users and other stakehold-
ers could accept the recommendations presented. On the 
other hand, this study has showed some evidence on the 
importance of operational criteria in the selection of a 
naval base, and it must be taken into consideration in the 
strategic-decision context as well. An important point: 
the development of this decision model is possible only 
if the Country previously defines its strategic long-term 
goals. For Brazil, these are shown in the NSD.

The framework proposed has shown to be suit-
able for the case of strategic military decisions and, in-
dependently, has also justified the choice defined by the 
Brazilian Navy in 2009. Furthermore, applying the model 
in a real case showed to be a completely appropriate and 
a reasonable option for future military decision-making 
problems. In this sense, we can say that the use of struc-
tured methods for choice is undoubtedly the best option 
for major government decisions, such as granting public 
infrastructure or the purchase of expensive equipment. 
However, it is important to note that the analysis of this 
study is limited due to the fact that this is a classified is-
sue. Certain limitations occurred because there has been 
a wide range of discussions with the institutions involved 
and the need to make a more detailed survey in terms of 
infrastructure and operational requirements for the long 
term as well. Despite these limitations, we believe this 
study contributes to the knowledge advance in this area 
and provides important information for maritime trans-
port and strategic decision-makers.

Finally, it is important to mention that, in respect 
to the armed forces in a civilian society, it should be not-
ed that, as stated by the classic military strategist Carl 
von Clausewitz, a war is made by the armed forces, the 
government and the people (Proença-Junior and Duarte, 
2005; Brasil, 2007). Therefore, a choice on the location 
of an important military base must be fully justified for 
the Brazilian population because ultimately it is the tax-
payers who pay for the implementation of this project.
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APPENDIX – STRATEGIC DECISIONS IN TRANSPORT:
A CASE STUDY FOR A NAVAL BASE SELECTION IN BRAZIL

Table A1: Summary of approaches and criteria for port selection.

Context Approaches Main criteria and (nº of sub-criteria) Reference

Criteria comparison for 
commercial port selection

Questionnaires 
(5 classification levels)

- infrastructure/operational (20)
- service level (3)
- cargo capacity (4)

Murphy; 
Daley, 1994

Commercial port selection Delphi + AHP

- infrastructure/operational (3)
- service level/port management (3)
- geographical location (3)
- cost (3)

Lirn et al., 
2004

HUB port selection Linear Programming - income (1)
- cost (1)

Aversa et al., 
2005

Commercial ports evaluation 
between two cities AHP

- infrastructure/operational (5)
- service level (1)
- geographical location (3)

Guy; Urli, 
2006

Commercial port selection in 
Nigeria AHP

- infrastructure/operational (1)
- service level/efficiency (1)
- geographical location (1)
- cost (1)
- frequency of ship (1)
- reputation (1)
- user service (1)

Ugboma et 
al., 2006

HUB port selection Fuzzy + multi-criteria

- infrastructure/operational (3)
- service level/efficiency (4)
- geographical location (3)
- cargo capacity (3)
- cost (2)
- other criteria (3)

Chou, 2007

Commercial port evaluation 
for shipping companies

Questionnaires 
(5 classification levels)

- infrastructure/operational (5)
- service level (4)
- geographical location (2)
- cargo capacity (5)
- reputation (4)
- user service (1)

Chang et al., 
2008

Naval base selection for the 
Brazilian fleet Multi-criteria

- distance priority area defense (1)
- distance from cities (1)
- distance of 50m isobaths/restricting maritime access (1)

Brasil, 2010

Location of a container HUB 
port in South Africa SWOT analysis + AHP

- infrastructure/operational (10)
- service level/efficiency (7)
- geographical location (2)
- cargo capacity (4)
- cost (2)
- reputation (2)
- user service (4)

Notteboom, 
2011

Selecting container port in 
Turkey Fuzzy + ANP

- infrastructure/operational (3)
- service level/efficiency (3)
- geographical location (3)
- cargo capacity (3)
- cost (2)
- other criteria (3)

Onut et al., 
2011

Commercial port selection by 
shipping routes Linear Programming - cost (1) Tran, 2011

DSS for a commercial port 
selecting AHP

- infrastructure/operational (2)
- geographical location (1)
- cargo capacity (2)
- cost (1)

Lama; Dai, 
2012

Port performance evaluation MCDA + multivariate 
analysis

- operational (2)
- service level/efficiency (5)
- cargo capacity (2)

Madeira et 
al., 2012

Seaport competitiveness Delphi + AHP

- infrastructure/operational (3)
- geographical location (3)
- service level/port management (3)
- cost (3)

Cruz et al., 
2013a

Seaport performance MCDA + PCA - operational (6)
- cargo capacity/service (6)

Cruz et al., 
2013b
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Table A2: Strategic criteria definition according the NSD and normative documents
of Brazilian Navy (Brasil, 2003; 2004; 2006) and validated by the interviewees.

Strategic Criteria Definition

Dissuasion as a result of 
sea denial to the enemy 
approaching Brazil

The ability to defend a country’s own sovereignty and prevent hostile naval forces from 
approaching the Brazilian coast. For a Brazilian fleet, it is to protect the mouth of the 
Amazon River and the sea borders in the Central Atlantic. Currently this is the region that 
does not maintain a large naval base.

Naval power projection The capacity to participate in peacekeeping or humanitarian missions under the 
responsibility of the United Nations or friendly country. Currently the BN maintains 
international operations in the Caribbean region, the African continent and the 
Mediterranean Sea.

Sea control The capacity to promptly respond to any risk or threat to commercial or economic maritime 
transport within the limits of the Brazilian jurisdictional waters, specifically in the defense 
of infrastructure and facilities along the Brazilian coast, such as large cities (state capitals), 
commercial ports, critical infrastructure etc.

Table A3: Operational criteria definition selected by the literature review (Table A1)
and validated by the interviewees.

Operation Criteria Definition

Change of Tide There is a need to tailor the structure of the Naval Base for large daily variations in sea 
level.

Channel depth The channel depth for the operation of large ships in the Brazilian fleet, in particular, 
Aircraft Carriers.

Pre-existence of a small 
naval base

If the some localities along the Brazilian coast, there are already naval bases, so small that 
they are unable to receive several vessels simultaneously. However, the pre-existence of a 
base is an advantageous circumstance, since there is already infrastructure support.

Local infrastructure 
(vicinity)

The fact that there is a good infrastructure nearby or large cities, where it is possible to have 
access to basic services for future workers, such as schools, hospitals, places of relaxation 
etc. This attribute was considered by interviewees as an important criterion for selection.
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