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Abstract: The number of people seeking shelter in other countries is increasing due to the escalating humanitarian
and political crisis. In South America, the case of Venezuelan refugees is known worldwide as the cause of local
political crisis. Due to its geographic proximity to Brazil, Venezuelans tend to migrate in their primary movement
to Brazilian cities that are close to the border between the two countries. Afterwards, their secondary movement is
characterized by their spread throughout the Brazilian territory, also known as resettlement. In this sense, this paper
aims to propose a multicriteria decision making approach for choosing the best cities as resettlement locations for
the Venezuelan refugees in Brazil. The study was conducted considering fifteen cities in the state of Amazonas.
The multicriteria decision making methods Best-Worst Method (BWM) and Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS) were applied. The BWM method focused on determining the weights of the
decision criteria, while the TOPSIS method was instantiated to rank the decision alternatives. The decision criteria
that are associated with employment and basic sanitation were given the highest weights, as they represent the most
important needs of the refugees. The analysis of the decision alternatives showed that the city of Manaus, Humaita
and Iranduba were the top three in the alternatives ranking. Although these alternatives have different characteristics
reflected in their performance regarding the decision criteria, they are recommended as resettlement locations because
they can satisfy the most important needs of the refugees.
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Introduction

Refugees can be conceptualized from different
perspectives such as the one from the United Nations High
Commissioner for Refugees (UNHCR), the one from the
legal status, and the one from business and management
[1, 2]. The UNHCR describes refugees as people who
are outside their homeland and are unable or unwilling
to return, because they fear persecution due to their race,
religion, nationality, membership of a particular social
group or political opinion, which make them cannot or
do not want to return to their country because of this
"well-founded fear of persecution". The legal status
approach defines a refugee as a person who, due to their
legal conditions, is able to fulfill the mandatory national
immigration regulations to be granted protection [2]. The
business and management approach considers a refugee
as an individual who left their homeland towards another
country to find protection and safety, being unable to
return due to their homeland circumstances and regardless
of their legal status [3]. In our study, we adopt the last
refugee conceptualization, the business and management
approach, as it corresponds to our intention to systematize
refugee logistics in the south side of Brazil.

In the effective action of becoming a refugee, an
individual needs to make a primary and then a secondary
movement. The primary movement refers to the physical
move that refugees make from their homeland to a foreign
location and is influenced by a decision making involving
the selection of a possible destination [4]. Subsequently,
the secondary movement is characterized by refugees
relocating within the destination of their primary
movement or physically moving to a secondary foreign
location [5].

In recent years, multiple refugee movements have been
observed worldwide. Since 2011, more than 5.6 million
Syrians have been displaced to neighboring countries
such as Lebanon, Turkey and Jordan [6]. Due to the war
in Ukraine, more than 3 million Ukrainians fled to Poland
from February 2022 to April 2022. With a daily arrival
rate of more than 100,000 people in the first few weeks,
Polish local services were quickly overwhelmed [7]. In
the case of South America, Venezuela has seen the largest
mass exodus, with nearly 7.77 million citizens making
their primary movement to foreign locations [8]. Although
Peru, Ecuador, Chile and Trinidad & Tobago have made
entry increasingly difficult, most Venezuelan refugees
have been accommodated in neighboring countries such as
Colombia and Brazil [9, 10].

Particularly in Brazil, there is a large influx of refugee
into the state of Roraima, which is overburdening local
public services, especially in the cities of Pacaraima and
Boa Vista. From 2019 to 2023, a total of 347,832 requests
for recognition of refugee status were analyzed by the
Brazilian National Committee for Refugees (CONARE)
[11-15]. Of these, 219,116 are Venezuelan citizens,
representing 62.99% of total requests. In the state, 71,198
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requests were analyzed for the year 2023 only. This is the
largest number of requests in the northern region of Brazil
[15]. In 2022, the in-state population was 636,707 in
Census [16]. Therefore, considering that the requests for
recognition of refugee status are placed in their primary
movement location, these requests represent an increase
of 11.18% in the population of the Roraima state, caused
only by the refugees entering, which justifies the overload
of the public system.

To provide humanitarian aid and emergency assistance
to these Venezuelan refugees arriving in Brazil, an
operation called "Acolhida" was launched in 2018. It
is a joint action by the Brazilian army, navy, aviation,
the federal government, United Nations agencies and
local civilian organizations. The goal of this operation
is to ensure border ordering, refugees reception and
refugees internalization. Border ordering consists of the
documentation, vaccination and control phase by the
Brazilian army. The refugee’s reception involves offering
shelter, food and health care to immigrants. The refugee’s
internalization is concerned with the voluntary relocation
of Venezuelans from the state of Roraima to other cities in
Brazil with the aim of socio-economic integration [17].

As one of the "Acolhida" operation goals, the refugee’s
internalization can be understood as a resettlement
process. This process is defined as an organized selection,
transfer and arrival of individuals to another country [3].
In the context of this study, it represents the secondary
movement of refugees within the Brazilian territory. It is
observed that many incoming Venezuelans face difficulties
in socio-economic integration, as they are struggling
to find a job, housing, and dealing with the language
[8]. Therefore, these are potential misleading criteria
when choosing the second location for the refugee’s
resettlement.

In this sense, this research aimed to develop a decision-
making model that supports a resettlement rationale
capable of addressing the issues in the selection of
secondary movement on the Brazilian-Venezuelan border.
By understanding the main needs of these refugees and
supported by multicriteria decision making methods, the
goal of the model was to systematize the selection of
the best cities for receiving Venezuelan refugees in the
Brazilian state of Amazonas. This goal is an important
aspect for the integration of Venezuelan refugees into the
Brazilian socio-economic system, as well as a strategy to
overcome the overburdening of the local public system.
To achieve this, firstly, we investigated the basic needs
of a group of Venezuelan refugees who arrived in Brazil
and focused on defining their evaluation criteria for
the location selection process. Then we structured the
multicriteria analysis model considering the selected
criteria based on the Best-Worst Method (BWM) and
Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS) methods.

Multicriteria decision-making models have already been
used for studying refugee logistics. Intelligent multi-agent
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system approaches the Fuzzy Analytic Hierarchy Process
and Axiomatic Design to rank refugee settlement locations
[18]. The dynamic multi-objective location-routing model
integrates strategic, tactical and operational decisions
for relief logistics planning [19]. The multi-objective
optimization model relocates relief supplies during disaster
recovery operations, considering both current disruptions
and future incidents [20]. These studies collectively
highlight the importance of multicriteria decision methods
in addressing the complex and dynamic nature of refugee
logistics. We considered this multicriteria decision making
approach to reduce the bias of decision makers, but at the
same time, consider what is important for them in terms of
selection criteria.

The TOPSIS method was adopted due to its simplicity
and foundational concept that the best solution in a
decision is associated with its closeness to the positive
ideal solution and its distance from the negative ideal
in a system [21]. The method can help decision makers
to understand the decision problem and find the best
alternative based on their goals rather than providing
an "optimal" solution [22]. In addition, its simplicity,
rationality and computational efficiency make it possible
to be applied to both crisp and interval data [23, 24].

The BWM was utilized to obtain the weights of the
criteria. It is a powerful tool for multi-criteria decision

making that has gained popularity due to its efficiency in
determining the criteria weights, especially because of
its structured pairwise comparisons that can overcome
judgement. Additionally, it can be combined with other
methods such as TOPSIS to improve decision making [25-
28].

Materials and methods

To conduct this study, the methodology was divided
into three stages. In the first stage, the decision-making
hierarchy focused on identifying the refugees’ decision-
making criteria, as well as identifying the decision
alternatives represented by the resettlement location.
In the second stage, data collection aimed at gathering
alternatives performance data associated with each
of the identified criteria. In the third stage, MCDM
implementation worked towards applying the selected
multicriteria decision-making methods to process the data
collected in stage two and to analyze the results obtained.
Figure 1 schematizes the research method rationale that
supported the implementation of this study.

Data Data
publication publication
date date
Decision goal—»| Decision
isi alternatives
Refugee needs —» Model d§c151on problem Collect supporting data
hierarchy Decisi
Non-governamental e.c151-0 "
on-governa —»| Stage 1 criteria Stage 2
organizations
Braznl}an Semi-structured Braznl}an
public Intervi public
databases erviews databases
Consistency Calculation
ratio procedures
. Decision
De_ms{o“—b alternatives —| Resettlement
criteria
Weigh decision criteria performances Rank the decision alternatives [— locations —3»
Refugees' Decision rank
preferences Stage 3 criteria weights Stage 3
BWM Google BWM TOPSIS Excel
method Forms  spreadsheet method spreadsheet

Figure 1. Research method scheme
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The following subsections provide a more detailed
description of each of these stages.

Decision-making hierarchy for the selection
of refugees' resettlement

The decision-making hierarchy stage focused on
structuring the decision problem hierarchy. Building
this structure is important to support the correct
implementation of the multicriteria decision-making
methods used in this study.

First, it was necessary to understand what criteria
need to be considered in the refugees’ resettlement

decision-making. To this end, we interviewed some
non-governmental organizations located in the states of
Roraima and Amazonas by telephone. These organizations
are involved in supporting refugees in the internalization
(resettlement) process conducted by operation "Acolhida"
in collaboration with the UNHCR. The interview was
semi-structured with questions aimed at inquiring about
the main needs of refugees upon their arrival in Brazil.
These semi-structured questions were not read out word
by word to the interviewees, but were used to keep track
of and focus on the natural flow of the conversation [29],
as shown in Table 1.

Table 1. Semi-structured interview questions

Order Question
1 Do the assisted families have school-age children?
2 Where do the families usually live?
3 When they arrive in Brazil, do these refugees promptly consider moving to another city far from the border?
4 What are the main needs reported by the refugees?
5 What are the main reasons that lead refugees to leave the shelters at the borders and move to other cities in Brazil?
6 What are the main difficulties they face in finding a job?
7 What are the main work positions they fill in Brazil?

The telephone interviews were audio-recorded to ensure
that all data was properly collected. After each interview
was completed, the recording was transcribed so that it
could be analyzed in detail. The main objective of this
analysis was to capture the real needs of the refugees.

Then, we accessed the databases of the Brazilian
Unified Health System (SUS), the Brazilian Institute of
Geography and Statistics (IBGE), the Ministry of Health,
the National Electric Energy Agency (ANEEL) and the
National Institute of Educational Studies and Research
Anisio Teixeira (INEP) to identify potential performance
indicators for the decision alternatives that could be aligned
with the identified needs. To be considered, a performance
indicator must have had available data published from
2020 to 2023.

The hierarchy of decision-making problem consists
of three structural elements: the decision problem, the
decision criteria and the decision alternatives. In this study,
the decision problem is characterized by the selection of
a resettlement location for the refugees. The alternatives
to this decision problem are represented by all potential
cities that met the requisites to be considered as a feasible
location for resettlement. Last, the decision criteria for this
problem are represented by the performance indicators by
which all alternatives are evaluated. By compiling these
structural elements, it was possible to build the hierarchy
that is adherent to the decision problem we focus on.

The next stage, described in detail in the next section,
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is about collecting all the necessary data to perform the
multicriteria decision-making methods used in this study.

Data collection for selection criteria of
refugees's resettlement

The first step was to filter the cities in the state of Amazonas
that could be feasible alternatives for the resettlement of
Venezuelan refugees. The Human Development Index
(HDI) data was collected for each of the cities listed.
Although this data was published in 2010, it was the
only HDI data available in the IBGE database and was
used solely for the list filtering process. The threshold for
selecting the cities as alternatives considering their HDI
was the range specified in the Human Development Report
published by the United Nations Development Programme
for 2023/2024.

The second step was to obtain performance data for each
selected decision alternative associated with each of the
decision criteria considered. These data were collected from
the Unified Health System (SUS), the Brazilian Institute of
Geography and Statistics (IBGE), the Ministry of Health,
the National Electric Energy Agency (ANEEL) and the
National Institute of Educational Studies and Research
Anisio Teixeira (INEP). The data used was published from
2020 to 2023.

In order to develop a formal process to address migration
difficulties in this Brazilian region, the purposive sampling
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method was used, which characterizes the sample studied
as non-probabilistic [29, 30]. In total, 23 refugees from
Venezuela, 15 of whom were Venezuelans and 8 were
Haitians, were interviewed and answered the questionnaires
of this study. Although this sample is small and cannot
provide a robust basis for generalization, it was important
to shed light on what kind of criteria should be adopted to
make the decision for the resettlement location.

MCDM implementation for the best selection
of refugees's resettlement

This stage focused on the application of MCDM methods
to select the best location for refugee resettlement. This
was a hybrid approach by dividing the stage into two parts.
The first part looked towards determining the weights of
decision-making criteria by the instantiation of the BWM
method. The second part was driven by the selection of
best decision-making alternative, which was performed by
applying the TOPSIS method.

The BWM method was applied with the goal of
determining the weight of each decision criteria. Initially,
two online forms consisting of multiple-choice questions
were created using the Google Forms platform. In the first
questionnaire, the refugees in the study had to indicate

which decision criteria were the most and the least
important when choosing a resettlement location. The
questionnaire was named Best-Worst Identification and it
was made available in Spanish, French and Portuguese.
This helped to make it easier to answer the form, so as
to reduce possible misunderstandings and to reach a
wider audience. The responses obtained were aggregated
according to the frequency of answers. The criterion with
the highest frequency of mentions was selected as the
best criterion overall, while the criterion with the lowest
frequency of mentions was labeled as the worst among the
others. It is important to highlight that the BWM method
does not define a procedure for selecting the best and the
worst criteria [31].

After determining the best and worst criteria, a second
round of evaluation was therefore conducted with the
refugees in this study. The aim was to determine the
relative importance of the best criterion compared to the
other criteria (Best-to-Others importance vector), as well
as the importance of the other criteria over the worst one
(Others-to-Worst importance vector) [31]. This was done
based on a linguistic scale from 1 to 9, as shown in Table
2 [32].

Table 2. Pairwise comparison linguistic scale

Linguistic term

Scale

Equally Important (EI)

Intermediate of EI & MI (IEM)

Moderately Important (MI)
Intermediate of MI & 1 (IMI)
Important (I)

Intermediate of I & VI (IVI)
Very Important (VI)

Intermediate of VI & EXI (IEI)

Extremely Important (EXI)

1

O 0 9 AN U kR W

Source: [32]

To determine the optimal criteria weight, and satisfy the
optimality conditions, the maximum absolute differences
between the weights and the preferences should be
minimized. In this sense, the following optimization
problem represents the optimization model that minimizes
these differences [31]:

_ Wg w;
mmmjax WJ CEB]- ’ |W_w ajW
s.t.

W, =1

W; = 0. forall j
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The BWM methodis available for free at "bestworstmethod.
com/software/" as an Excel file fully operational and
ready to use. Its implementation can solve the presented
optimization model with the solver module of Excel.
Once a solution was obtained, the consistency ratio can be
verified to determine whether these results are reliable, as
it is automatically calculated in the file and presented as
the Ksi* parameter. In terms of reliability, the closer the
consistency ratio is to zero, the more reliable the pairwise
comparisons of the decision makers are [33]. The results
obtained in this step are the weights of the decision criteria
used for setting up TOPSIS application.

Once the criteria weights were properly determined, it was
possible to initiate the application of the TOPSIS method
[35, 36]. The first step was to build the decision matrix
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composed by the decision alternatives and the criteria,
represented by X = (x, Dt where X, is the performance of
an alternative m con51dermg a criterion n. Bach criteria has
its specific weight that was determined previously by the
BWM method.

To compare the performance of different criteria, it
was necessary to eliminate the unit of the performance
dimension. This process is called the normalization of the
decision matrix and can be done by applying equation 1,
where r,, is the normalized performance [35].

ey

With the normalized performance stored in the normalized
decision matrix, it was possible to calculate the weighted
normalized performance. This result demonstrates the
adjusted performances of the alternatives after applying the
criteria weights w) calculated using the BWM method,
which are stored in the weighted normalized decision
matrix V= (v, D . Each of the weighted performances v,
could be calculated by applying equation 2.

Vi T W, @)

From matrix V, the ideal (4") and anti-ideal (4°) solutions
could be identified. The solution is the one from the weighted
normalized decision matrix with the best performance
(for maximizing criteria) or the worst performance (for
minimizing criteria). While the 4~ solution is that one with
the worst performance (for maximizing criteria) or the best
performance (for minimizing criteria), as demonstrated
below by equations 3 and 4 [37].

(3)

AT = v/_+ = {max (vl_/_), min (vi/_)}

(4)

A= v = {min (vl_/_), max (vl./.)}

Using these elements, it was possible to calculate the
separation measures, which represent the distances of each
alternative to the ideal and anti-ideal solutions, respectively.
These calculations can be done by applying equations 5
and 6.

D;r: z}1[

by = [, [y — @)

Finally, the calculation of the relative closeness to the
ideal solution was performed with the consideration of the

—@an)’ 5)

(6)
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distances obtained. This relative closeness is represented
by Ci, as demonstrated by equation 7.

v D
L prep;

where i =1, 2, ..., m. %)

With the calculated relative closeness (C; ), it was possible
to sort all the alternatives from the values of the best to the
worst. Considering that the alternatives in this study are the
possible cities for the refugee’s resettlement, this process
made it possible to identify the best alternative to receive
this population.

Results

This section is subdivided according to the methodology
section. Firstly, we show the results of the criteria
identification. Then we demonstrate the data collection
process. Finally, we present the implementation of the
MCDM approach.

Decision-making hierarchy for the selection of
refugees' resettlement

After interviewing the non-governmental organizations
and compiling the whole recordings, the refugees’ needs
were identified and consolidated. To make it possible to
evaluate the decision alternatives in alignment with these
needs, the Brazilian public databases were explored to
verify the availability of the performance indicators and
to select which one could be considered as a decision
criterion. Table 3 presents the consolidated needs and
the associations made between them and the qualified
performance indicators. The data of the indicators were
available from 2020 to 2023.

To conduct the multicriteria decision-making process,
the performance indicators are used as decision-making
criteria to evaluate the decision alternatives. In this way, it
was possible to evaluate these alternatives in an objective
manner and make it possible to reduce the decision-maker
bias. Table 4 summarizes the defined criteria.

After consolidating the decision criteria, we accessed
the website of the Brazilian Institute of Geography and
Statistics (IBGE) and found that 61 cities belong to the
state of Amazonas. The decision problem in this study is
the selection of resettlement location for refugees in Brazil.
Therefore, these cities are potential decision alternatives in
this context. With these elements in hand, it was possible
to build the decision problem hierarchy, as illustrated in
Figure 2.

We conducted a bottom-up evaluation of the decision
problem hierarchy, focusing first on analyzing the
performance data on resettlement locations (decision
alternatives).
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Table 3. Refugees’ consolidated needs and associated performance indicators

Refugees’ consolidated needs Associated performance indicators

. . School rate per inhabitants
Access to education for children and adolescents ]
[lliteracy rate

. ) School rate per inhabitants
Access to higher education ]
[lliteracy rate

Population with access to water supply (%)
Basic sanitation Population with access to sewage (%)

Population with access to electricity (%)

Healthcare units per 1,000 inhabitants
Chronic disease treatment Hospital beds per 1,000 inhabitants
Mortality rate by 1,000 inhabitants

Unemployment rate (%)
Employment Employability (%)

Gross Income Per Capita

Unemployment rate (%)
Food assistance Employability (%)

Gross Income Per Capita

| . lbe Population with access to the internet (%)
mprovements in well-bein;
P & Presence of bus lines in the city

Healthcare units per 1,000 inhabitants

Primary medical care . . .
Hospital beds per 1,000 inhabitants

Public protection and safety Mortality rate by 1,000 inhabitants

Transportation needs Presence of bus lines in the city

Table 4. Decision criteria consolidation

Decision criteria

Employability Population with access to sewage
Gross Income Per Capita Population with access to the Internet
Healthcare units per 1,000 inhabitants Population with access to water supply
Hospital beds per 1,000 inhabitants Presence of bus lines in the city
[lliteracy rate School rate per inhabitants

Mortality rate by 1,000 inhabitants Unemployment rate

Population with access to electricity -
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Figure 2. Decision problem hierarchy

Data collection for selection criteria of
refugees' resettlement

The initially collected data was used to filter the list of raw
decision alternatives, which consists of all cities in the state
of Amazonas. From this list, the cities with an HDI < 0.550
were removed due to their low human development. The
remaining cities were sorted by their HDI index, from the
highest to the lowest. Then, according to the convenience,
we selected the first 15 cities with highest HDI from the
list and consolidated them as decision alternatives for
resettlement location, as shown in Table 5.

The data for each of the decision criteria were collected
in the Brazilian public databases where these criteria were

identified. All performances can be seen in Table 6.

MCDM implementation for the best selection
of refugees' resettlement

To establish a consistent decision procedure, it was
necessary to evaluate how the refugees would weight the
decision criteria associated with their identified needs. In
this way, the BWM method was applied. First, the method
recommends that if the decision maker is dealing with
more than 9 criteria, it is necessary to group these criteria to
simplify the analysis [31]. Therefore, the decision criteria
were grouped into Work & Education, Health & Quality of
Life and Urban Infrastructure, as shown in Figure 3.

Table 5. Consolidated resettlement locations

Index City HDI
1 Apui 0.637
2 Humaita 0.605
3 Iranduba 0.613
4 Itacoatiara 0.644
5 Itapiranga 0.654
6 Manacapuru 0.614
7 Manaus 0.737
8 Parintins 0.658
9 Presidente Figueiredo 0.647
10 Rio Preto da Eva 0.611
11 Sao Gabriel da Cachoeira 0.609
12 Silves 0.632
13 Tabatinga 0.616
14 Tefé 0.639
15 Urucard 0.620

Source: [16]
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Table 6. Resettlement locations performances

DECISION-MAKING CRITERIA
- = z
s . £ g 5 :
g i 1 - & : & =
= - @ 9 =1 -] — e
4 i g < & g & 2
3 : i z & : A e
= ] = .
; -g g @ ; 'E 'E "'é 5 €
e ..a L=l E E -a @
3 : 2 2 2 2 g - s =
3 o
¥ g 8 g 8 g ;7 & £ 4
E —_ —_ - g g g g S — = g -E
d‘j‘ é?‘ g?, :51 L] o o L] s | - .
= = ; ; ; ; ; A z = 5
2 g‘ i & w 2 5 ]
E = g Z = = = 2 s _-E ] E %
E 8 & £ S S S £ 8 3 £ 2 ¢
P ) £ ] & = = & é = - =
DECISION g g g T E E E E = & | E g
P L]
ALTERNATIVES & | | = & & = & = = E 5 &
Apui 1092 5430% 1320% 740 99.60% 6020%  160%  63.50% 076 124 035 930% O
Humaité 1085 53.10% 1050% 680  98.70% 5830%  240%  6840% 080 130 040 1020% 1
Tranduba 1172 51.80% 1140% 7.0  9890% 5070%  3.10%  6520% 085 118 038 1080% 1
Ttacoatiara 1172 5320% 1280% 690  99.10% 6140%  350%  66.80% 082 122 039 1010% 1
Itapiranga 965 53.70% 1410% 650  98.80% 5790%  290%  6430% 078 113 036 980% 1
Manacapuru 965 52.40% 1350% 690  98.90% 5830%  300%  65.70% 080 120 037 970% 1
Manans 1172 56.30% 7.10% 1360  99.30% 7540%  3050%  90.70% 088 130 042 1040% 1
Parintins 965 53.40% 1220% 1820 98.70% 6150%  420%  67.10% 079 119 038 1010% 1
Presidente Figueiredo 965 52.80% 13.10% 1068  99.10% 5040%  330%  64.80% 077 117 037 960% 1
Rio Preto da Eva 965 51.70% 1360% 1015  99.20% 5890%  3.10%  65.10% 078 116 036 1020% 1
So Gabriel da 965 47.60% 2490% 3095  90.30% 5070%  1.80%  5460% 062 080 030 1250% O
Cachoerra
Silves 965 49.50% 1540% 1280 9820% 5570%  280%  6130% 075 110 034 1150% O
Tabatinga 965 5320% 1430% 1913  98.50% 5620%  3.50%  63.70% 074 112 035 1060% 1
Tefé 1172 50.20% 1570% 1238 97.90% 5010%  400%  6630% 076 114 037 1040% O
Urncard 965 51.30% 1580% 1090 98.30% 5650%  340%  62.80% 074 112 034 1120% 0

Hospital beds
Employabili: T 1,000
kb Healthcare units i:;abitants

School rate by per 1,000 Population with

inhabitants inhabitants access to
electricity

Illiteracy rate

Work &

Education Health & Population with
Quality of Life HECESS (O/SEWagD

P Decision Criteria
Grouping Population with

access to the
Internet

Gross
Income

Per Capita
Population with

access to water
supply

1,3', 1,000 Urban
L inhabitants | Infrastructure

Presence of bus
lines in the city

Figure 3. Decision criteria grouping
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For each of the groups, the best-worst identification
questionnaire was sent to the refugee sample to identify
the best and worst criteria. This information is important
because it is a prerequisite to the BWM method, as it can
be seen in Table 7.

For each of the groups, the BWM method was
instantiated at a low level to determine the respective
weight of each criterion, and at a higher level to determine
the weight of each group. To this end, the criteria
importance evaluation questionnaire was sent to the
refugee sample so that they could evaluate their individual
preferences in relation to the decision criteria through
pairwise comparisons. The results were compiled and
stored in its respective preference vectors.

For the criteria of work & education, the evaluations can
be observed in Table 8, which relate to the best-to-others
refugees’ preferences.

On the other hand, the evaluations shown in Table 9 are
related to the others-to-worst refugees’ preferences.

After compiling the refugees’ evaluation regarding the

health & quality of life group, it was possible to establish
its preference vectors. Table 10 shows the best-to-others
preferences.

In addition to this result, it is possible to observe the
Others-to-worst refugee preferences in Table 11.

The urban infrastructure group consists of only two
decision-making criteria. They are associated with urban
transportation system and public security. Table 12 shows
the refugees' preferences related to these elements.

The last pairwise comparison made focused on
identifying the vector of refugees' worst to others
preference, which is presented in Table 13.

After collecting and tabulating all these evaluations,
the spreadsheet of BWM method was used to solve the
method's optimization model and determine the weights
of the decision criteria. Figure 4 illustrates how the
evaluations were organized in the file in a way that the
Excel Solver module could be run.

Table 7. Best and worst criteria identification

Criteria group

Work & Education
Best criteria Employability

Worst criteria Illiteracy rate

Health & Quality of Life
Population with access to water supply

Population with access to internet

Urban Infrastructure
Mortality rate

Presence of bus lines in the city

Table 8. Best-to-others preference vector for work & education group

Best-to-others preference vector

Employability

Unemployment rate

Gross Income Per Capita

Employability

School rate per inhabitants

Illiteracy rate

3

AN W = N

Table 9. Others-to-worst preference vector for work & education group.

Others-to-worst preference vector

Illiteracy rate

Unemployment rate

Gross Income Per Capita

Employability

School rate per inhabitants

Illiteracy rate

4
5
9
4

1

Table 10. Best-to-others preference vector for health & quality of life group

Best-to-others preference vector

Population with access to water supply

Healthcare units per 1,000 inhabitants
Hospital beds per 1,000 inhabitants
Population with access to sewage
Population with access to water supply
Population with access to electricity

Population with access to the internet

3

1
1
1
1
1
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Table 11. Others-to-worst preference vector for health & quality of life group

Others-to-worst preference vector Population with access to the internet

Healthcare units per 1,000 inhabitants 2
Hospital beds per 1,000 inhabitants

Population with access to sewage

3
3
Population with access to water supply 3
Population with access to electricity 3
1

Population with access to the internet

Table 12. Best-to-others preference vector for urban infrastructure group.

Best-to-others preference vector

Presence of bus lines in the city Mortality rate

Mortality rate 4 1

Table 13. Others-to-worst preference vector for urban infrastructure group

Others-to-worst preference vector

Presence of bus lines in the city

Presence of bus lines in the city

Mortality rate 4
Criteria Number = 3 Criterion 1 Criterion 2 Criterion 3
Names of Criteria Work & Education H_e alth & Quality of  Urban
Life Infrastructure
Select the Best H_ealth & Quality of
Life
Select the Worst Urban Infrastructure |
Best-to-Others Preference Work & Education Healm & Quality of  |Urban
Vector Life Infrastructure
Health & Quality of Life 2 1 3
Others-to-Worst Pref
ers-to-Worst Preference Urban Infrastructure

Vector
Work & Education 2
Health & Quality of Life 3
Urban Infrastructure 1

. Health & Quality of  |[Urban

T

Criteria Weights Work & Education Life Infrastructure

0.2917 0.5417 0.1667
Ksi* | 0.0417]

Figure 4. BWM spreadsheet implementation example
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The calculations presented in Figure 4 were performed
locally in each of the groups to determine the weight of
each criterion. Taking these groups of criteria into account,
an additional evaluation was conducted which made it
possible to determine the specific weight of each group.
In this way, the decision criteria can be weighted locally
and globally. The local weighting represents the weights
of the criteria only in relation to the group to which they
belong, while the global weighting represents the weights
of the criteria regarding all the decision criteria, regardless
of the group to which they belong. If the group weight is
Wg, and the local weight of the criterion is W1, the global
weight (w;) can be calculated by equation 8.

Wj = ng X Wln (8)

where 7 is the criterion index, and & is the group index.
The results of the calculation of the local and global
weights are demonstrated in Table 14.

After solving the optimization model to determine the
criteria weights, it was possible to analyze the consistency
ratio for each of the pairwise comparisons. Four different
rations were obtained associated with the determination of
the groups weights, as well as the local criterion weights,
which are illustrated in Table 15.

Table 14. Decision criteria weights calculations

Criterion weight

Group Criterion
Local Global
Unemployment rate 0,1579 0,0461
Gross Income Per Capita 0,2368 0,0691
Work & Education Employability 0,3947 0,1151
School rate per inhabitants 0,1579 0,0461
Illiteracy rate 0,0526 0,0154
Healthcare units per 1,000 inhabitants 0,1111 0,0602
Hospital beds per 1,000 inhabitants 0,2063 0,1118
Health & Quality Population with access to water supply 0,2063 0,1118
of Life Population with access to sewage 0,2063 0,1118
Population with access to electricity 0,2063 0,1118
Population with access to the Internet 0,0635 0,0344
Urban Mortality rate by 1,000 inhabitants 0,6667 0,1111
Infrastructure Presence of bus lines in the city 0,3333 0,0556

Table 15. Consistency ratio for pairwise comparisons

Pairwise comparisons

Consistency ratio

Decision Criteria Grouping
Work & Education Criteria
Health & Quality of Life Criteria

Urban Infrastructure Criteria

0,0417
0,0789
0,0159
0,0000

The consistency ratio varies in the range from 0 to 1.
The urban infrastructure criteria got the lowest consistency
ratio in the pairwise comparisons due to their simplicity.
This group has only two criteria, which leads to a simpler
evaluation and therefore, improves consistency. Even
though the other pairwise comparisons are not perfect, the
inconsistencies observed are of small magnitude and do not
compromise the evaluation results.

One of the socio-economic barrier to integration faced
by refugees is the difficulty of finding employment
[8]. Both in the Work & Education group, as well as in
the global weighting, it can be observed that the most
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important criterion for the refugees was employability.
This demonstrates the need to discuss and plan public
policies to integrate this population group into the Brazilian
workforce and, consequently, to overcome the dichotomy
of struggling to find employment and employability, with
the latter being the most important criterion for the choice
of the resettlement location.

For the Health & Quality of Life group, it was found that
basic systems such as water supply, sanitation, electricity
and available hospital beds got equally importance. This
indicates that the basic aspects of daily life, and hospital
capacities for, e.g., emergencies, impatient care, and post-
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operative care, are key elements in this decision-making.
Regarding the Urban infrastructure group, the mortality
rate got the highest local weight. This implies that public
security, e.g., crime and violence control, traffic safety,
emergency response, and public health need to effectively
manage these aspects that impact the mortality rate.

After determining the weights of decision criteria,
the effective process for selecting the best resettlement
location for the refugees in the state of Amazonas could be
conducted using the TOPSIS method. The decision matrix
for this procedure was built based on the data presented

in Table 6, in which each matrix line represents each of
the decision alternatives while each column represents a
decision criterion. The full decision matrix with the raw
data can be seen in Table 16.

The first column and the first row in the decision matrix
represent the headers, in which the decision alternatives
and the indices of the decision criteria are indicated. To
facilitate its reading, Table 17 shows the description of
each index.

Table 16. TOPSIS raw decision matrix

CRITERIA
ALTERN. C1 C2 C3 C4 C5 Cé6 C7 C8 C9 C10 C11 C12 C13
Al 1092 54.30% 13.20% 7.40 99.60% 60.20% 1.60% 63.50% 0.76 1.24 0.35 9.50% 0
A2 1085 53.10% 10.50% 6.80 98.70% 58.30% 2.40% 68.40% 0.80 1.30 0.40 10.20% 1
A3 1172 51.80% 11.40% 7.10 98.90% 59.70% 3.10% 65.20% 0.85 1.18 0.38 10.80% 1
A4 1172 55.20% 12.80% 6.90 99.10% 61.40% 3.50% 66.80% 0.82 1.22 0.39 10.10% 1
AS 965 53.70% 14.10% 6.50 98.80% 57.90% 2.90% 64.30% 0.78 1.15 0.36 9.80% 1
A6 965 52.40% 13.50% 6.90 98.90% 58.30% 3.00% 65.70% 0.80 1.20 0.37 9.70% 1
A7 1172 56.30% 7.10% 13.60 99.30% 75.40% 30.50% 90.70% 0.88 1.30 0.42 10.40% 1
A8 965 55.40% 12.20% 18.20 98.70% 61.50% 4.20% 67.10% 0.79 1.19 0.38 10.10% 1
A9 965 52.80% 13.10% 10.68 99.10% 59.40% 3.30% 64.80% 0.77 1.17 0.37 9.60% 1
Al0 965 51.70% 13.60% 10.15 99.20% 58.90% 3.10% 65.10% 0.78 1.16 036 10.20% 1
All 965 47.60% 24.90% 30.95 90.30% 50.70% 1.80% 54.60% 0.62 0.80 0.30 12.50% 0
Al2 965 49.50% 15.40% 12.80 98.20% 55.70% 2.80% 61.30% 0.75 1.10 0.34 11.50% 0
Al3 965 53.20% 14.30% 19.13 98.50% 56.20% 3.50% 63.70% 0.74 1.12 0.35 10.60% 1
Al4 1172 50.20% 15.70% 12.38 97.90% 59.10% 4.00% 66.30% 0.76 1.14 0.37 10.40% 0
AlS5 965 51.30% 15.80% 10.90 98.30% 56.50% 3.40% 62.80% 0.74 1.12 0.34 11.20% 0
Table 17. Alternatives and criteria indexing
Alternatives Criteria
Index Description Index Description

Al Apui Cl1 Gross Income Per Capita

A2 Humaita C2 Employability

A3 Iranduba C3 Illiteracy rate

A4 Itacoatiara C4 Mortality rate by 1,000 inhabitants

AS Itapiranga C5 Population with access to electricity

A6 Manacapuru C6 Population with access to the Internet

A7 Manaus Cc7 Population with access to sewage

A8 Parintins C8 Population with access to water supply

A9 Presidente Figueiredo C9 Healthcare units per 1,000 inhabitants

Al10 Rio Preto da Eva C10 Hospital beds per 1,000 inhabitants

All Sdo Gabriel da Cachoeira C11 School rate per inhabitants

Al2 Silves C12 Unemployment rate

Al3 Tabatinga C13 Presence of bus lines in the city

Al4 Tefé -

AlS Urucara -

To make these data interpretable, the decision matrix
was normalized and weighted by combining the
application of equations 1 and 2. This combination was
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made by substituting the equation 1 into the equation 2, as
shown below in equation 9.
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where w;is the global weight of the criterion calculated
with the BWM method and the type indicates if the
criterion is of maximizing or minimizing type. The
normalized and weighted matrix is demonstrated in Table
18.

The equations 3 and 4 were applied to the matrix V to

determine the ideal and anti-ideal solutions for each of the
criteria. The results are shown in Table 19.

Using these solutions, the equations 5, 6, and 7
were applied to calculate the relative closeness of the
alternatives. Therefore, this parameter was sorted from
highest to lowest, shedding light on alternatives ranking.
This result, presented in Table 20, shows which of the
potential resettlement locations would be the best one for
the refugee sample to make their secondary movement
within Brazilian territory.

Table 18. TOPSIS normalized and weighted decision matrix

CRITERIA
C1 C2 C3 C4 C5 Co c7 C8 C9 C10 C11 C12 C13
ALTERN. wj= 0.0461 0.0691 0.1151 0.0461 0.0154 0.0602 0.1118 0.1118 0.1118 0.1118 0.0344 0.1111 0.0556
Al 0.0125 0.0184 0.0274 0.0065 0.0040 0.0157 0.0055 0.0276 0.0282 0.0307 0.0085 0.0260 0.0000
A2 0.0124 0.0180 0.0218 0.0059 0.0040 0.0152 0.0082 0.0297 0.0297 0.0322 0.0097 0.0280 0.0176
A3 0.0134 0.0176 0.0237 0.0062 0.0040 0.0156 0.0106 0.0283 0.0315 0.0292 0.0092 0.0296 0.0176
Ad 0.0134 0.0187 0.0266 0.0060 0.0040 0.0160 0.0120 0.0290 0.0304 0.0302 0.0095 0.0277 0.0176
AS 0.0110 0.0182 0.0293 0.0057 0.0040 0.0151 0.0099 0.0279 0.0289 0.0285 0.0087 0.0269 0.0176
Ab6 0.0110 0.0178 0.0280 0.0060 0.0040 0.0152 0.0103 0.0285 0.0297 0.0297 0.0090 0.0266 0.0176
A7 0.0134 0.0191 0.0147 0.0119 0.0040 0.0197 0.1044 0.0394 0.0326 0.0322 0.0102 0.0285 0.0176
A8 0.0110 0.0188 0.0253 0.0159 0.0040 0.0161 0.0144 0.0292 0.0293 0.0295 0.0092 0.0277 0.0176
A9 0.0110 0.0179 0.0272 0.0093 0.0040 0.0155 0.0113 0.0282 0.0286 0.0290 0.0090 0.0263 0.0176
Al0 0.0110 0.0175 0.0282 0.0089 0.0040 0.0154 0.0106 0.0283 0.0289 0.0287 0.0087 0.0280 0.0176
All 0.0110 0.0161 0.0517 0.0270 0.0036 0.0132 0.0062 0.0237 0.0230 0.0198 0.0073 0.0343 0.0000
Al2 0.0110 0.0168 0.0320 0.0112 0.0040 0.0145 0.0096 0.0266 0.0278 0.0273 0.0082 0.0315 0.0000
Al3 0.0110 0.0180 0.0297 0.0167 0.0040 0.0147 0.0120 0.0277 0.0274 0.0278 0.0085 0.0290 0.0176
Al4 0.0134 0.0170 0.0326 0.0108 0.0039 0.0154 0.0137 0.0288 0.0282 0.0282 0.0090 0.0285 0.0000
AlS 0.0110 0.0174 0.0328 0.0095 0.0040 0.0148 0.0116 0.0273 0.0274 0.0278 0.0082 0.0307 0.0000
Table 19. Ideal and anti-ideal solutions
CRITERIA
C1 C2 C3 C4 Cs C6 c7 C8 Cc9 C10 C11 C12 C13

SOLUTIONS Type MAX MAX MIN MIN MAX MAX MAX MAX MAX MAX MAX MIN MAX
Ideal (4+) 0.0134 0.0191 0.0147 0.0057 0.0040 0.0197 0.1044 0.0394 0.0326 0.0322 0.0102 0.0260 0.0176
Anti-ideal (4-)

0.0110 0.0161 0.0517 0.0270 0.0036 0.0132 0.0055 0.0237 0.0230 0.0198 0.0073 0.0343 0.0000

Table 20. Relative closeness of alternatives to the ideal solution

RELATIVE CLOSENESS

ALTERNATIVES D+ D— Ci* RANK

Al Apui 0.1021 0.0354 0.25765 10
A2 Humaita 0.0971 0.0441 0.31233 2
A3 Iranduba 0.0951 0.0421 0.30716 3
A4 Itacoatiara 0.0939 0.0410 0.30414 4
A5 Itapiranga 0.0965 0.0385 0.28496 8
A6 Manacapuru 0.0959 0.0396 0.29224 5
A7 Manaus 0.0067 0.1108 0.9432 1
A8 Parintins 0.0920 0.0378 0.29148 6
A9 Presidente Figueiredo 0.0949 0.0383 0.28737 7
A10 Rio Preto da Eva 0.0957 0.0374 0.28098 9
A1l S#o Gabriel da Cachoeira 0.1114  0.0007 0.00611 15
A12 Silves 0.0995 0.0275 0.21636 14
A13 Tabatinga 0.0954 0.0328 0.25566 11
Al4 Tefé 0.0952 0.0294 0.23625 12
A15 Urucara 0.0975 0.0285 0.22648 13
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Analysis and discussion

The cities in the state of Amazonas with the best
infrastructure in terms of work & education, health &
quality of life, and urban infrastructure to receive the
Venezuelan refugees arriving in Brazil are Manaus,
Humaita and Iranduba. The state capital, Manaus, obtained
the best rating compared to the other cities. The city
stands out mainly because its population with access to
sewage is 526% higher than the average rate to the pool
of alternatives. Additionally, the population with access to
water supply is 37% higher than the average. The per capita
gross income of this alternative is 13% higher than the
other available alternatives. Although these performances
must be highlighted, the alternative weakness is that the
mortality rate is 13% higher than average, which contradicts
the refugees' need for public safety.

Humaita occupies the second position in the ranking.
The city proved to be a viable location as the mortality rate
is 43% lower than the average rate among the potential
resettlement location. In terms of the number of available
hospital beds, it has a performance 12% better than that of
average alternative. The most prominent weakness of the
city is a 51% lower performance in population with access
to sewage.

The third position in the rank is the city of Iranduba. It
has a mortality rate 41% lower than the average rate of the
alternatives considered. Among the cities evaluated, it has a
gross income per capita 13% higher than the average value.
However, the number of healthcare units is 10% higher
than the average of the alternatives. The biggest weakness
of the city is that its population with access to sewage is
36% lower than the average rate.

It can be seen that the first three alternatives have
their performances converging to the refugees’ goals.
This population strives for socio-economic integration,
safety and the satisfaction of basic needs in their new
living location. As these three alternatives show good
performances in satisfying these aspects, they can be
qualified as coherent and adherent alternatives for choosing
a resettlement location that meet the identified needs.

The city with the lowest ranking was S@o Gabriel
da Cachoeira. The alternative showed deficiencies in
important decision criteria when compared to the average
performance. Its mortality rate is 157% higher, its population
with access to sewage is 63% lower, its available hospital
beds are 31% lower, and its healthcare units are 20% lower.
All these aspects deviate from the refugees’ goal, so this
alternative is not recommended as a resettlement location.

Conclusions

With the increase in the number of political and social
crises and consequently the growth in the number of
refugees, choosing the best city to receive them is a major
challenge for governments not only in Brazil, but also

Decision Making and Analysis

worldwide. Previous studies on this topic have not focused
on refugees in Brazil. Research on the international refugee
population in Brazil, which focuses on understanding
refugees' perceptions of their needs, challenges and
opportunities in their new country, is a suggested topic for
further local studies.

In line with the general objective of the study, a hybrid
multicriteria decision-making approach was proposed to
choose the best cities in the state of Amazonas to receive
Venezuelan refugees arriving in Brazil. The study allowed,
by interviews with the non-governmental organizations and
the refugees themselves, to understand their main needs in
choosing the resettlement location.

The methods used were efficient in enabling the ranking
and selection of the best cities in the state of Amazonas.
The results of the TOPSIS method showed that Manaus,
Humaita and Iranduba must be recommended as feasible
locations for the resettlement of the refugees. Therefore,
these are the decision alternatives that are most likely to
satisfy the refugees’ needs. They are comprehensively
described by the 13 decision criteria, which cover areas of
great significance for human development and quality of
life.

This study can be a starting point for discussing the
integration of public policies to support the secondary
movement of refugees in order to address the socio-
economic problems more smoothly and efficiently. The
proposed model fulfills its objective and can be used in
other states or regions of the country to facilitate the choice
of resettlement location. Our approach can also drive
negotiations with the local government to support refugees
or even create temporary accommodation.

For future work, it is suggested to apply this method in
other states and to investigate proposals for improvement,
as a complement to this study. It is also recommended to
conduct a study based on probabilistic sampling to improve
the statistical understanding of the phenomenon of refugee
resettlement location selection.

The main difficulty encountered in conducting this study
was the outdated data of the human development index
published by IBGE and the construction of the refugees
sample. Nowadays, the performance of the series may
differ from that illustrated by the available data. This would
completely change the results. Regarding the refugee
sample, it was difficult to obtain a larger number of people
who were available to compose our sample. Some strategies
in partnership with the non-governmental organizations
should be outlined to recruit respondents for future studies.
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