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Resumo

O risco tornou-se um imperativo na sociedade moderna, mas seus efeitos sdo desiguais em uma sociedade
de classes marcada por profundas desigualdades. Quantos, quais sdo e onde estdo os grupos sociais mais
propensos a sofrer danos diante de um evento perigoso de qualquer natureza? Quais sdo as varidveis que
mais determinam a vulnerabilidade social? Para responder a estas indagacdes foi definido como principal
objetivo deste estudo adaptar o SoVI (Social Vulnerability Index)® para avaliagdo espago-temporal da
vulnerabilidade social nos espagos urbanos do Brasil. O método proposto foi aplicado na cidade de Cuiab3,
estado de Mato Grosso (Brasil). Os resultados revelaram que a vulnerabilidade social em Cuiaba-MT é
definida, em ordem de relevancia, pelo elevado contingente de populacdo com baixa renda; cor preta/parda;
déficit educacional; baixa expectativa de vida e muitas criangas por domicilio. Em torno de 42,3% da
populagdo vivem em setores de alta vulnerabilidade. A geografia da vulnerabilidade social em Cuiaba tem
uma forte caracteristica periférica. A disponibilidade do banco de dados para todo o territério brasileiro e a
periodicidade decenal de coleta, viabiliza o emprego da metodologia em areas urbanas de todo o territério
nacional, favorecendo analises espaciais e temporais comparativas. A partir de uma perspectiva latino-
americana, espera-se contribuir no debate cientifico internacional acerca da reducao de riscos, desastres e
vulnerabilidades.

Palavras-chave: Riscos; Vulnerabilidade; Analise de Componentes Principais.
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Abstract

Risk has become an imperative in modern society, but the effects thereof are unequal in a class-based society
marked by profound inequalities. Which, where and how many are the social groups most likely to suffer
damage in the face of a hazardous event of any kind? What are the variables that most determine social
vulnerability? To answer such questions, the main objective of this study was to adapt the SoVI (Social
Vulnerability Index)® to spatiotemporally evaluate social vulnerability in Brazilian urban spaces. The proposed
method was first applied in the city of Cuiab3d, state of Mato Grosso (MT), Brazil. The results showed that
social vulnerability in Cuiaba-MT is defined, in order of relevance, by the occurrence of low income;
black/pardo population; education deficiency; low life expectancy, and children in the household. About
42.3% of the studied population are living in sectors with a high Urban SVI. The geography of social
vulnerability in Cuiabd has a strong peripheral feature. The fact that the database used covers the entire
Brazilian territory with data collected on a ten-year periodicity makes the proposed method feasible to be
applied in urban areas of the whole country, favoring comparative spatial and temporal analyses. From a
Latin American perspective, the present study intends to contribute to the international scientific debate on
the reduction of risks, disasters and vulnerabilities.

Keywords: Risk; Vulnerability; Principal Component Analysis.

l. INTRODUCTION

For a long time, classic approaches in risk studies have neglected the social dimension of risk — only (and
barely) known after a catastrophe. “Historically, the concept of social vulnerability emerged as an explicit
critique of the dominant and conventional paradigms of disaster analysis” (MENDES et al., 2011, p.95).

Wisner et al. (2003) pondered that there is a structural cause and there are economic and political factors
and processes that, due to the vulnerability they produce, intensify the destructive effect of hazards. These
processes determine an unequal distribution of resources and opportunities among different social groups.
Thus, access to resources such as land, water, housing, income, education, information etc. is not equitably
available to all social groups. People’s exposure to risk differs according to class (characterized by variables such
as income, place of residence, and way of life) as well as social profile (gender, ethnicity, age group, physical or
mental disability, immigration status etc.).

Cutter (1996) and Cutter et al. (2003) understand social vulnerability as a product of social inequalities
that make people susceptible to losses caused by threats (and hazards) of any kind. As a product of the dynamic
processes that generate vulnerability, the problem is complex, challenging and multidimensional.

In the so-called underdeveloped countries, where social inequalities are greater, this diagnosis becomes
more relevant, since unawareness of social reality may lead to an underestimation of losses, as pointed out by

Cutter et al. (2003, p 243): “Socially created vulnerabilities are largely ignored, mainly due to the difficulty in
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quantifying them, which also explains why social losses are normally absent in after-disaster cost/loss estimation
reports.”

Taking into account the demand framework for prevention and reduction of risk and vulnerability
(UNITED NATIONS, 2015), the lack of evaluation tools on the local scale (intramunicipal) and the fact that the
majority of the Brazilian population (84.9%) live in urban areas (2010 Demographic Censusl), the main
objectives of the present study were defined as follows: to develop a method to spatiotemporally evaluate social
vulnerability in urban spaces in Brazil, based on SoVI2; to apply the method in the urban space of the city of
Cuiab3, state of Mato Grosso, Brazil; and to discuss the main results.

The pursuing of those objectives thus allowed answering two central research questions: Which, where
and how many are the social groups most likely to suffer damage in the face of a hazardous event of any kind?
What are the variables that most determine social vulnerability?

The application of the proposed method to the delimited urban area of Cuiaba-MT, the region under
study, not only made it possible to answer those central questions, but also demonstrated the feasibility of
extending the method to any urban area in the Brazilian territory, provided that the same procedures and the
same database be adopted. In the current context in which the Planet faces the challenge of fighting the novel
coronavirus (Sars-Cov-2) pandemic, this study aims to contribute with the set of techniques available to the
understanding and diagnosis of social vulnerability in its most varied aspects: social, economic, sanitary,
environmental and spatial. In countries with late capitalism, such as Brazil, great social inequality is the cause of

varying levels of vulnerability, which can either aggravate or mitigate the adverse effects of the pandemic.

Il. MATERIALS AND METHODS

To devise the Urban SVI, the variables of the 2010 Demographic Census (IBGE) were observed, which,
according to the theoretical and conceptual premises, indicated disadvantages in the economic, social and

environmental dimensions (Table 1).

! https://cens02010.ibge.gov.br/sinopse/index.php?dados=8

2 The Social Vulnerability Index (SoVI®) measures the social vulnerability of U.S. counties to environmental hazards. The index is a comparative metric that facilitates
the examination of the differences in social vulnerability among counties. (SoVI® 2006-2010 | Hazards & Vulnerability Research Institute | University of South Carolina

(sc.edu)).
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Initially, 290 variables were identified, grouped down to 37 variables, distributed in 10 categories of
social vulnerability: demographic density, color/ethnicity, age group, income, housing, sanitation, urban

structure, gender, education, and health.

Table 1 - Categories and variables applied in the creation of the USVI.
Variables that contribute

Categories Rationale . . - Source
to increasing vulnerability
e . . Blaikie et al. (1994), Morrow
> & Families with a great number of dependents or with ( )
=D . . . . . (1999), Heinz Center for
S K only one provider often have limited financial .Households with 7 or . .
< O . . Science, Economics, and the
w2 resources to care for all dependent members. This more residents .
= s Environment (2000), Puente
— 5 affects resilience and recovery from hazards.

(1999).
Pulido (2000), Peacock,

Pt Cultural and language-related barriers affect access Morrow, and Gladwin
g @] to post-disaster financing (In Brazil, black, pardo[*] .Black, pardo and (1997, 2000), Bolin with
O % and indigenous people are included in affirmative indigenous people Stanford (1998), Bolin
~ D public policies to correct social inequality.) (1993). Brasil (Law 12711 of
2012), Daflon et al. (2013)
Young children and the elderly and are the age
groups with the greatest difficulty in mobility in the .People from 0 to 18
a .y
8 face of hazard. In addition, they tend to have a years old Cutter, Mitchell, and Scott
& weaker health picture. o -
(G . (2000), O’Brien and Mileti
u The elderly, probably due to pre-existing .People aged 60 years or .
o e . (1992), Hewitt (1997), Ngo
b morbidities, are more likely to be affected by over
, . . . (2001), Nayak et al. (2018)
on diseases associated with extreme heat events. .Elderly head of
Social isolation is another factor that increases household (over 60
vulnerability among the elderly. years)
3 It concerns the ability to deal with losses and to
'Z( increase resilience in the face of hazards. The Cutter, Mitchell, and Scott
g availability of high income allows the community to (2000), Burton, Kates, and
s absorb and recover from impacts faster due to the .Households with White (1993), Blaikie et al.
% safety net, such as insurance, social security and monthly income per (1994), Peacock, Morrow,
8 benefit programs. capita of 0to 1 minimum  and Gladwin (1997, 2000),
ol On the contrary, low-income conditions impede wage (MW) Hewitt (1997), Puente
O home structure adequacy with heat reducing (1999), Platt (1999), Nayak
3 apparatuses, such as green spaces, swimming pool, et al. (2018)
< air conditioning etc.

to be continue
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Categories

Rationale

Variables that contribute to

. . - Source
increasing vulnerability

5 - HOUSEHOLDS AND
HOUSING CONDITIONS

6 - BASIC SANITATION

The value, quality and density of dwellings
determine higher or lower losses and recovery
conditions.

The type of construction material interferes
with thermal comfort. Thick walls of masonry
tend to guarantee more thermal comfort than
thin walls with other types of coatings.

The occupancy condition also allows inferring
about vulnerability. Generally, homeowners
are those who have the financial resources to
have their own house and ensure residential
insurance against hazards. Therefore, the non-
ownership condition tends to increase
vulnerability.

According to the National Survey of Basic
Sanitation (IBGE, 2008), just under half of the
Brazilian municipalities did not have sewage
services through a collecting network (which is
adequate) and half of them disposed of their
solid waste in open dumps (inadequate). The
absence of Basic Sanitation (availability of
water treatment, sewage treatment and
garbage collection services) entails pollution of
water resources and soil, which affects the
population’s health, especially increasing
infant mortality.
Thus, it can be considered that Basic
Sanitation deficiency contributes to increasing
social vulnerability.

.Total of improvised private
households

.Household ownership by
acquisition
Heinz Center for Science,
Economics, and the
Environment (2000),
Cutter, Mitchell, and Scott
(2000), Morrow (1999)
and Bolin and Stanford
(1991)

.Households ceded by employer
.Households ceded otherwise
.Households under other
occupancy conditions (not
owned, rented, or ceded)
.Households without electricity
.Households with semi-adequate
housing conditions
.Households with inadequate
housing conditions
.Households in Subnormal
Agglomerations, AGSN (IBGE)

.Households WITHOUT general
water supply
.Households with a bathroom for
the residents’ exclusive use or
toilet WITHOUT a sanitary
system via a general rainwater
sewage network or a septic tank
.Permanent private households
without a bathroom for the
residents’ exclusive use neither a
toilet
.Households without garbage
collection

National Survey of Basic
Sanitation, PNSB (IBGE
and the Brazilian Ministry
of Cities, 2008).

to be continue
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. . Variables that contribute to
Categories Rationale . . .. Source
increasing vulnerability

.Households without address
identification (on the street)

Urban infrastructure can be evaluated in terms .Households without public
of quality according to the characteristics of lighting (on the street)
circulation (actual identification of public place, .Households without paving
street lighting, pavement, sidewalk, curb, (on the street) .Households
u manhole, and wheelchair ramp) and the without sidewalks (on the
2 environment (afforestation, open sewage, and street) .Households without
S garbage accumulated in the streets). The curbs (on the street)
E absence of circulation attributes causes mobility .Households without manholes 2010 Demographic Census
<z( difficulties, which can impair both runoff and (on the street) .Households (IBGE)
0 the provision of basic sanitation services, such  without wheelchair ramps (on
=) as garbage collection. The absence of the sidewalk) .Households
~ afforestation (vegetation) suggests warmer and  without afforestation (along
more intense environments of urban heat the sidewalk)
islands. Garbage accumulated in public places .Open sewage
and open sewage are strong indicators of .Garbage accumulated in the
increased vulnerability. streets
.Garbage accumulated in the
streets
. Source: Blaikie et al.
.Households with female
residents (1994), Enarson and
Women may have more post-disaster recovery Morrow (1998), Enarson
o cr 1es .Female head of household
i difficulties than men, as women tend to be . and Scanlon (1999),
=) . o . .Female children head of -
= employed in specific sectors, receive low wages Morrow and Phillips
i I household .
G and may have more responsibility for (1999), Fothergill (1996),
: . . . .Female adolescents head of
0 family/household care; that is why this gender Peacock, Morrow,
i household .
presents more vulnerability. Gladwin (1997, 2000),
.Female elderly head of .
household Hewitt (1997), and Cutter
(1996).
Education is related to socioeconomic status.
The higher the educational level, the greater the
% life expectancy gain. Low levels of education Alliterate people aged 7 or
E limits the population’s ability to understand more Source: Heinz Center for
g warning notices and alarms, and to obtain Science, Economics, and
a2 information for recovery. the Environment (2000).
; The availability of an educational establishment - .
@ y - . I .Deficit of educational
reduces vulnerability as it facilitates access to .
. establishments
education.
T Health care providers, including doctors, nursing .Deficit of health facilities (The  Source: Heinz Center for
E homes and hospitals are important sources of variable of absence of health Science, Economics, and
£ relief after catastrophic events. Lack of vicinity facilities was used as an the Environment (2000),
o to medical services will hinder care and recovery indicator of greater Morrow (1999), and
- after a disaster. vulnerability.) Hewitt (1997)

Source: Adapted from Cutter, Boruff and Shirley (2001) and Heinz Center for Science, Economics and the Environment (2002) apud
Cutter, Boruff and Shirley (2003); Censo Demogréfico e Cadastro Nacional de Enderecos para Fins Estatisticos/CNEFE do IBGE (2010),
Pesquisa Nacional de Saneamento Basico do IBGE e Ministério das Cidades (2008) and Nayak et al.(2018).
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The use of the Factor Analysis technique allows the observed data to be interpreted more easily. Pestana
and Gagueiro (2014) state that the main objective of Factor Analysis is to reduce a set of variables correlated
with each other into a small number of factors (also called components), summarizing them, thus facilitating
their interpretation and allowing their representation in a dimensional space. This procedure was applied in the
present study, based on the following steps:

1 - Weighting, relativization in percentages, and moderation of variables under the logic that the higher
the values, the higher social vulnerability.

2 - Factor Analysis in IBM-SPSS® (Statistical Package for the Social Science) software, which automatically
generates a factor score for each census sector, in each extracted factor.

3 - Verification of data adequacy considering some requirements such as the evidence of at least 5 times
the number of observed cases (census tracts) as compared to the number of variables; the Kaiser-Meyer-Olkin
(KMO) Measure of Sampling Adequacy index above 0.5; threshold of 0.8 for the evaluation of redundancies in
multicollinearity analyses; application of the Principal Component Analysis technique and factor loading over
0.9 and accumulated variance above 60%, as minimum requirements for factor extraction; application of
Varimax factor rotation; analysis of the association between “variable/extracted factor” through commonalities
ranging from 0 to 1, and exclusion of variables with low commonality values (equal to or below 0.7) (HAIR et al,
2006; PESTANA & GAGUEIRO, 2014 and FIGUEIREDO FILHO & SILVA JUNIOR, 2010).

4 - After excluding the variables in disagreement with the established requirements, a new factor analysis
is carried out and the parameters are verified whether they are acceptable. 5 - Interpretation of the resulting
factors, identifying the variables that determine the vulnerability in each factor and the percentage of variance
explained. 6 - Weighting and devising of the Urban SVI: at the end, in each census sector, the scores of each
factor extracted are weighted by the percentage of variance explained and the values are summed, resulting in
a single score that corresponds to the Urban SVI, according to the equation applied by Cunha et al. (2011),
Freitas and Cunha (2012):

Urban SVI = VI_F1*(%Var_F1) + VI_F2*(%Var_F2) + VI_F3*(%Var_F3)+ VI_F4*(%Var F4)+.. (1)

where the Urban SVI corresponds to the numerical value of each census sector, resulting from the

weighted sum of the Vulnerability Index of each factor (VI_F); VI_F (Vulnerability Index Factor) corresponds to
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the numerical value of each census sector for each factor extracted (1, 2, 3, 4); and finally %Var_F (Percentage
of Factor Variance) corresponds to the percentage of variance of each factor in the Factor Analysis, presented
in the Rotation Sums of Squared Loadings column of Table 2. In descending order of variance, the results were
26.16 % for factor 1; 17.78% for factor 2; 15.93% for factor 3; and 12.49% for factor 4.

7 - Integration of the databases: using QGIS3, this alphanumeric base was integrated to the graphical
base (shp) by means of a census sector code, a common attribute between the two databases. With this GIS,
the natural breaks technigque was to form groups of homogeneous sectors, divided into indexes ranging from
“very low”, “low”, “average”, “high”, “very high” to “extremely high”, resulting in the index-map of each factor
extracted, and in the index-map of social vulnerability of the urban area of Cuiabd, Mato Grosso, Brazil.

In IBGE’s Demographic Census, the coverage of the entire Brazilian territory, through standardized data
collection4, allows devising Urban SVIs for any Brazilian municipality, regardless of size (from small towns to

greater metropolitan regions). In the temporal dimension, the ten-year periodicity of data collection favors the

planning of studies for the evaluation of vulnerabilities and risks over time5.

I11. RESULTS AND DISCUSSION

The application of Factor Analysis technique reduced the representative variables from 37 to 12. The
cases/variables ratio was 64.6 (775 census sectors/ 12 variables). The KMO index was 0.806, which is considered
good. Eight cases of collinearities above 0.8 were also identified. Statistically, it is recommended to eliminate all
variables with strong correlation, but a researcher must consider other aspects, such as the relevance of the
variable to the vulnerability context. The second factor analysis, based on these 12 variables, resulted in a KMO
of 0.792.

Regarding the number of factors necessary to describe the data, Pestana and Gagueiro (2014) state that
such data can be obtained by examining the scree plot graph or from the data observed in the Total Variance

Explained. For a number of variables less than or equal to 30, it is recommended to use the Kaiser criterion,

3 QGIS is an Open Source Geographic Information System (GIS) licensed under the GNU General Public License. It is an official Open Source Geospatial Foundation
(OSGeo) project. It runs on Linux, Unix, Mac OSX, Windows and Android and supports numerous formats of vectors, rasters, databases and functionalities. Source:
https://www.qgis.org/pt_BR/site/about/index.html#

4 In the 2010 Census, more than 190,000 census takers visited 67.6 million households in the 5,565 Brazilian municipalities. Source: Brazilian Demographic Census
database (IBGE, 2010) (http://cens02010.ibge.gov.br/)

5 Law 8184 of 10/05/1991 establishes that the Demographic Census periodicity be every ten years (BRAZIL, Presidency of the Republic, 1991). The IBGE (Brazilian
Institute of Geography and Statistics), linked to the Ministry of Planning, Budget and Management (Brazilian Federal Government), provides the digital mesh in vector
format 'shp' through the link ftp://geoftp.ibge.gov.br/recortes para fins estatisticos/malha de setores censitarios/censo 2010/base de faces de logradouros/.
The alphanumeric database in xIs and csv format, with the support of the technical manual “Population Census information database: Universe results by enumeration
area", is available at ftp://ftp.ibge.gov.br/Censos/Censo _Demografico 2010/Resultados_do Universo/Agregados por Setores Censitarios/.
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whereby the factors whose eigenvalues have explained variance greater than 1 (initial eigenvalues > 1).
Considering this recommendation and observing the results, the first 4 factors were retained, whose factor
loadings are above 0.97 and the accumulated sum accounts for 74.8% of the total variability (Table 2).

Table 3 shows the loading of each factor in each variable, according to the varimax rotation. The order
of the factors indicates hierarchical importance.

By interpreting the Table 2 and Table 3, the major question of this study can be answered: What are the
main determinants of social vulnerability in the urban area of Cuiab3d, Brazil? In order of relevance, factor 1
represents vulnerability related to low income and black/pardo skin color and explains 40.15% of the variance.
Factor 2 represents vulnerability related to low life expectancy and presence of children in the household and
explains 14.46% of the variance. Factor 3 represents vulnerability related to housing and sanitation conditions,
which explains 12.08% of the variance; and factor 4 represents vulnerability due to the female gender, which

explains 8.12% of the variance.

Table 2 — Total variance explained in the second Factor Analysis with 12 variables.
Cuiaba, MT, Brazil (urban sectors, 2010).
Extraction Sums of Squared

Initial Eigenvalues Loadings Rotation Sums of Squared Loadings
% of Cumulati % of Cumulative
Total % of Variance Cumulative %  Total Variance ve % Total Variance %

1 4,82 40,15 40,15 4,82 40,15 40,15 3,14 26,16 26,16

2 1,73 14,46 54,60 1,73 14,46 54,60 2,13 17,79 43,94

3 1,45 12,08 66,68 1,45 12,08 66,68 1,91 15,94 59,88

4 0,97 8,12 74,80 0,97 8,12 74,80 1,50 12,50 72,38

5 0,82 6,81 81,61 0,82 6,81 81,61 1,11 9,23 81,61
6 0,64 5,33 86,94
7 0,50 4,19 91,13
8 0,34 2,83 93,96
9 0,29 2,39 96,35
10 0,20 1,64 97,99
11 0,16 1,35 99,34
12 0,08 0,66 100,00

Source: Extraction Method: Principal Component Analysis (SPSS)
IBGE Demographic Census (2010).
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Table 3 - Rotated components (factors) matrix in the second Factor Analysis with 12 variables. Cuiaba-MT, Brazil (urban sectors,

2010).
VARIABLES 1 2 3 4

R - Households with monthly income per capita of up to 1 minimum wage (SM) 0,90 0,33 0,07 0,03
C - Black, pardo and indigenous people 0,89 0,17 -0,03 0,04
E1 - Illiterate people aged 7 years or over 0,81 0,16 0,29 -0,01
11 - People from 0 to 18 years old * 0,68 0,64 0,09 -0,00
EU3 - Households without paving (in the street) 0,51 0,63 0,17 -0,05
SB2 - Households with a bathroom for the residents’ exclusive use or toilet without a
sanitary system via a general rainwater sewage network or a septic tank 0,20 0,57 0,25 -0,12
SB4 - Households without garbage collection 0,15 0,12 0,91 -0,05
EU10 - Garbage accumulated in the streets 0,12 0,11 0,02 0,03
H9 - Households with inadequate housing 0,06 0,03 0,94 -0,01
G2 - Female head of household 0,02 -0,28 -0,08 0,83
G4 - Female adolescents head of household 0,02 0,20 0,02 0,88
12 - People aged 60 years or over -0,26 -0,84 0,04 -0,03

PERCENTAGE EXPLAINED (%): 40,15 14,46 12,08 8,12

TOTAL 74,79%

Source: 2010 IBGE Demographic Census

The results obtained from the factor analysis (3) provided the variables that were applied in “Equation

1” in each of the 775 census sectors. The result ranged from -0.73 to 2.36, according to the histogram in Figure
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Figure 1 — Histogram of sectors distribution by social vulnerability class: Cuiabd, MT, Brazil (urban sectors, 2010).
Source: Based on the Factor Analysis on Demographic Census variables, IBGE (2010).
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There are several options for cartographic representation such as “equal intervals”, “quantile”, “natural
breaks”, “standard deviation”, “light breaks” and “manual”. There is no valid universal procedure. Each choice
will result in a different map, intensifying or mitigating social vulnerability. Ideally, a researcher should have the
geographical knowledge of the field and choose the technique that best meets, responds and represents the
reality observed. It is also important to consider whether the purpose is to make a temporal or spatial

comparison; care should be taken to maintain standard procedures in order to ensure comparability.
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The natural breaks technique is suitable for values not uniformly distributed as it allows identifying limits
that separate groups with similar values. When applying it, the Urban SVI values were divided into 5 groups
arranged as follows: 1 (-0.7 to -0.26); 2 (-0.26 to 0.04); 3 (0.04 to 0.39); 4 (0.39 to 1.15), and 5 (1.15 to 2.36),
according to Figure 1.

The traditional qualifications, in most of the literature reviewed (“very low”, “low”, “average”, “high”
and “very high”), were not adequate to explain the reality observed in Cuiabd, MT. Seeking a more adequate
requalification of these groups, technical and empirical criteria were observed.

Regarding the technical criterion, three aspects were observed. The first is related to the distribution of
cases in the histogram shown in Figure 1. Most cases are between -0.73 and 0.73. The remaining cases range
from +0.7 to +2.36 and represent the sectors at the extreme of high social vulnerability. This discrepancy is a
reflection of high social inequality and is consistent with the reality observed in tropical and Latin American
countries, which is quite different from the reality observed in the North American and European contexts.

The second aspect observed was the profile of quantitative percentage changes of the most determinant
variables in each factor (with a factor loading above 0.5), seeking to maintain consistency. Drastic changes in
guantitative factors justified the need to qualify the group with the highest Urban SVI values as “extremely
high”.

The third aspect was to identify whether, in the two most important factors in the determination of the
Urban SVI (factor 1, 40% and factor 2, 14%), all variables in the second group (-0.26 to 0.04) showed values
similar to the general averages for the city of Cuiaba-MT, justifying the qualification of the second group as an
“average” Urban SVI. It was found that this group marked a watershed. From this level, in the direction of higher
Urban SVI groups (high, very high and extremely high), the values of the variables go up significantly. In the
opposite direction (low Urban SVI), the values go down. Since such variables contribute to the increase of
vulnerability, the rising or falling of their values indicates an increase or a reduction in social vulnerability.

Considering that social inequalities determine the level of variation of the Urban SVI, a way to “measure”
the dimension of such inequality is to compare the result of the variable in each group of the Urban SVI with the
total result of the city. The greater the distance from the city’s total, the greater inequality.

The distribution resulted in 21% of the population classified in the “low” Urban SVI group; 36% in the
“average” group; 27% in the “high” group; 15% in the “very high” group; and less than 1% in the “extremely

high” group, as shown in Figure 1, Figure 2 and Table 4.



https://revistas.ufpr.br/raega
http://dx.doi.org/10.5380/raega.v53i0.79867

’ 150
ISSN eletrdnico 2177-2738

0 ESPACO GEOGRAFICO EM ANALISE RA’EGA, Curitiba, PR, V.53, p.139-159, 03/2022
https://revistas.ufpr.br/raega DO!: http://dx.doi.org/10.5380/raega.v53i0.79867

Table 5 presents, organized by Urban SVI groups, the percentages of the determinant variables in factor
1, showing quantitatively that the higher the Urban SVI, the higher the percentage of households with low
income, black and pardo population, higher deficit of education, precarious urban structure, and reduced

percentages of white color individuals.

Table 4 - Population (absolute and relative) by the level of urban social vulnerability: Cuiaba, MT, Brazil (urban sectors, 2010).

Urban Social Vulnerability Index Urban %
(Urban SVI) Population

Low 109.826 20,78
Average 191.643 36,26
High 143.963 27,24
e g 81.314 15,39

eme g 1.726 0,33

Total 528.472 100

Source: Based on Factor Analysis on Demographic Census variables, IBGE (2010)

Some striking facts evidence the abyss of social inequality. In the “low” Urban SVI sectors, only 16.4% of
the households have income from 0 to 1 monthly minimum wage per capita, 44.5% of the population is
black/pardo, only 1.4% of the population is illiterate and less than 1% of the households does not have paved
streets. At the other extreme, in the sectors classified in the “extremely high” Urban SVI group, the majority
(73.1%) of the households have income from 0 to 1 monthly minimum wage per capita, the majority (73.1%) of
the population is black/pardo, 13.6% of the population is illiterate and 27.3% of the households do not have
paved streets.

After completing these analyses, empirical knowledge was considered, based on the various field works
for verification and validation of the index (and the index map) — information and knowledge that subsidized
the description of the characteristics of each Urban SVI group from the urban area of Cuiabd, as can be seen in

Table 6, and the Urban SVI map shown in Figure 2.
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Table 5 — Variation in the Urban SVI groups of the variables with the highest loading in Factor 1: Cuiab3d-MT, Brazil (urban sectors,

2010).
Variables with greatest
Absolute data eigenvalue values in F1 (%)
Urban SVI (Cuiaba- Households Population P.>7 years R CorPP CorB* E1 EU3
MT, Brazil)
low 35.569 109.826 100.211 16,4 44,5 53,4 1,4 0,8
average 58.783 191.643 168.374 37,1 63,9 344 30 39
high 41.902 143.963 119.461 58,9 73,8 24,9 53 15,9
very high 23.829 81.314 64.678 67,8 77,4 21,1 8,8 21,2
extremely high 513 1.726 1.291 73,1 73,1 25,8 13,6 27,3
Total 160.596 528.472 454.016 42,9 64,7 33,6 44 9,3
Variables and eigenvalue in Factor 1
R - Monthly household income per capita of up to 1 minimum wage 0,90
* Cor B - White color (not used in the Factor Analysis)
Cor PP - Black and pardo color 0,89
E1 - Illiterate people aged 7 years or over 0,81
EU3 - Households without paving (in the street) 0,51

Source: Adapted from 2010 Demographic Census (IBGE): urban area of Cuiaba, MT, Brazil.
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Table 6 Predominant characteristics in each group of Urban SVI Cuiab3-MT-Brazil (2010).

Urban SVI - Average Urban SVI - Low

Urban SVI - High

Urban SVI - Very High

Urban SVI - Extremely High

Income, Color, and Education:

Rare or no occurrence of no-income and/or low-income households (up to 1 monthly minimum wage per capita).

Rare or no occurrence of black and/or pardo individuals, and people with strong educational deficiencies.

Prevalence of white population with high income.

Children and life expectancy: Lower occurrence of children and young people (23%) and higher life expectancy (12% of elderly).

Housing and Basic Sanitation:

Rare or no occurrence of precarious urban structures in the form of unpaved streets and sidewalks and lack of curbs.

Good basic sanitation structure with rare or no occurrence of households without a sanitary sewage system and garbage collection services.

Rare or no occurrence of inadequate and improvised housing.

Female Gender:Little occurrence of young women head of household.

Income, Color, and Education:

Average* occurrence of no-income and/or low-income households (up to 1 monthly minimum wage per capita).

Average* occurrence of black and/or pardo individuals, and people with strong educational deficiencies.

Children and life expectancy: Average* occurrence of children and young people (28%) and average life expectancy (8.5% of elderly).

Housing and Basic Sanitation:

Rare occurrence (much below urban totals) of precarious urban structures in the form of unpaved streets and sidewalks and lack of curbs.
Reasonable basic sanitation structure with rare occurrence of households without a sanitary sewage system and garbage collection services.

Rare occurrence of inadequate and improvised housing.

Female Gender: Average occurrence of young women head of household.

Income, Color, and Education:

High occurrence of no-income and/or low-income households (up to 1 monthly minimum wage per capita).

High occurrence of black and/or pardo individuals, and people with strong educational deficiencies.

Children and life expectancy: High occurrence of children and young people (34%) and low life expectancy (6% of elderly).

Housing and Basic Sanitation:

High occurrence of precarious urban structures in the form of unpaved streets and sidewalks and lack of curbs.

High deficit of basic sanitation, with 1/3 of households without a sanitary sewage system.

Low occurrence of households without garbage collection services.

Low occurrence of inadequate and improvised housing, with improvised construction material, such as reused wood and metal, vulnerable to
weather hazards and thermal comfort aggravators. No air conditioning and thermal comfort structure, such as swimming pools. Many households
located in unsuitable areas, such as riverbanks.

Female Gender: High occurrence of young women head of household.

Income, Color, and Education:

Very high occurrence of no-income and/or low-income households (up to 1 monthly minimum wage per capita).

Very high occurrence of black and/or pardo individuals, and people with strong educational deficiencies.

Children and life expectancy: Very high occurrence of children and young people (38%) and very low life expectancy (5% of elderly).

Housing and Basic Sanitation:

Very high occurrence of precarious urban structures in the form of unpaved streets and sidewalks and lack of curbs.

Very high deficit of basic sanitation, with 42% of households without a sanitary sewage system.

Reasonable occurrence (5%) of households without garbage collection services.

High occurrence of inadequate housing (much higher than the average for the urban area), with improvised construction material, such as reused
wood and metal, vulnerable to weather hazard and thermal comfort aggravators. No air conditioning and thermal comfort structure, such as
swimming pools. Many households located in unsuitable areas, such as riverbanks.

Female Gender: Very high occurrence of young women head of household.

Income, Color, and Education:

Extremely high occurrence of no-income and/or low-income households (up to 1 monthly minimum wage per capita).

Extremely high occurrence of black and/or pardo individuals, and people with strong educational deficiencies.

Children and life expectancy: Extremely high frequency of children and young people (38%) and very low life expectancy (7% of elderly).

Housing and Basic Sanitation:

Extremely high occurrence of precarious urban structures in the form of unpaved streets and sidewalks and lack of curbs.

Extremely high occurrence of precarious basic sanitation structures, with 90% of households without a sanitary sewage system.

Extremely high occurrence of households (53%) without garbage collection.

Extremely high occurrence of inadequate housing (43%), with improvised construction material, such as reused wood and metal, vulnerable to
weather hazards and thermal comfort aggravators. No air conditioning and thermal comfort structure, such as swimming pools. Many households
located in unsuitable areas, such as riverbanks.

Female Gender:Very high occurrence of young women head of household.

*Average = Average indexes, proportional to the totals of the urban area.
Source: 2010 Demographic Census (IBGE). Adapted by the Author, based on the Factor Analysis exercises
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Figure 2 — Urban Social Vulnerability Index map: Cuiabd, MT, Brazil.

The Urban SVI map is therefore an important diagnosis for the devising of public policies aimed at
reducing risks and vulnerabilities, since it indicated what the main urgencies are and where they are.

In the case in point, it was evident that in order to reduce risk (and social vulnerability), public
investments are needed in benefit of the poor, pardo/black population, with low education level and low life
expectancy, living in precarious housing with a high number of children, whose head of household is a female
individual. These households are located in urban spaces lacking basic sanitation, sidewalks and paving. The
map also revealed the spatial distribution of almost half of the population (42%) classified at the highest levels
of social vulnerability. The darker color shades that predominate in the north, south and (some space fragments)
in the center highlight the extracts of greatest social vulnerability; which strongly contrasts to the sectors of

least social vulnerability in the center.
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IV. FINAL REMARKS

The application of the proposed method in the urban area of Cuiaba, MT, Brazil, resulted in a social
vulnerability diagnosis that allowed identifying the variables exerting greater influence in determining such a
condition. Thus, major deficiencies that should guide the priorities and public policies committed to reducing
risks and vulnerabilities became evident.

The interpretation of the applied factor analyses showed that social vulnerability in the urban area of
Cuiaba is defined, in order of relevance, by the occurrence of 1- low income; 2- population of black/pardo color;
3- education deficiency; 4- low life expectancy and children in the household; 5- inadequate housing; 6- basic
sanitation deficiency; and, 7- female population.

At the first level of relevance, in this study, was the “low income” variable. Minimum income deficiency
in a society (and in a city), where fundamental rights such as housing, health, education, among others, are
often seen as goods, indicates that it is the cause of other deficiencies that determine the spaces of social
vulnerability. These results show that public policies against social inequality and for opportunities, job creation,
income distribution, and minimum income assurance are the highest priority in reducing risks and vulnerability.

At the second level of relevance, with very strong influence (similar to that of “low income”), was the
“black/pardo color” variable. This reveals the importance and relevance of Brazil's colonial and slavery history
in limiting access to rights and opportunities based on skin color, revealing that affirmative policies against
racism and for social inclusion have not yet been enough to “pay this historic debt”.

At the third level of relevance was the “illiterate population” variable. This demands investments and
recognition of the value of Education, with special attention to the sectors of higher Urban SVI.

The fourth level of relevance includes the variables related to the most vulnerable age groups, as
indicated by the literature on risk and vulnerability. The trend indicates that the higher the occurrence of
children in the household, the higher the Urban SVI. This is doubly serious since these groups are limited in their
physical, motor and mental capacities, living in spaces of shortage and risks, which demands specific public
policies for children. At the other extreme age, the trend for a lower number of elderly individuals in these
spaces was explained by low life expectancy due to the noxious conditions in spaces with high social

vulnerability.
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At the fifth level of relevance, the variables for precarious housing and basic sanitation indicate the
demand for a set of public policies that meet housing and service needs, starting from the most elementary
levels of basic sanitation such as garbage collection and sewage system.

At the sixth level of relevance, the “female gender” variables complete the set of variables that most
determine social vulnerability in the urban area of Cuiaba, MT. The trend for an increase in the number of young
women that are head of households is higher — as are the social vulnerability indexes and the cases reported of
domestic violence against women observed in field activities, consistent with the statistical data presented in
factor 2 — shows that public policies on gender equality in these spaces are even more relevant.

The Urban SVI map has proven to be an important planning tool in the application of risk mitigation
public policies, as it is a way of revealing the profile of and how many and where the most vulnerable social
groups are. The geography of social vulnerability in Cuiaba has a strong peripheral feature, but it also projects
itself through sectors along dos Trabalhadores Avenue, then through Miguel Sutil Avenue (southern part),
ending at the banks of the Cuiaba River. About 42.3% of the population are in sectors of high Urban SVI (high,
very high and extremely high).

The method applied here has limitations that require improvements. One of its major limitations relates
to the quality and diversity of the available database. In developed countries, where similar methods were
applied, a greater diversity of social vulnerability categories was observed. We consider that new tests including
more variables related to education, health, socioeconomic status (employment), sexual orientation, as well as
the inclusion of new categories such as security, population with special needs, and urban mobility, among
others, are necessary to make the proposed index more complete and closer to reality. However, progress in
this direction depends on the availability of data that is typically managed by the State and does not always
meet the demands of research in terms of theme, scale, and periodicity of data collection. For example, data on
themes such as “disability” (people with special needs), “maternal orphanhood”, “migration”, and “work” are
collected by IBGE, but by sampling, so these data cannot be used on a universal scale (all sectors).

In spite of some limitations, when it comes to the level of detail allowing the comparison of different
sectors within the same city, as well as the universal scope of the coverage throughout the Brazilian territory
and the ten-year periodicity of data collection, the IBGE Demographic Census database is the most complete

and diverse one available in Brazil.
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The results allow us to conclude that: 1 - the method employed here can be applied in urban areas of
any municipality in the Brazilian territory, favoring comparative analyses; 2 - it is possible to integrate data from
other local sources (municipalities and states) aiming at the improvement of Urban SVI; 3 - the integration of
alphanumeric and graphic bases, in a GIS environment, allows reading the results using cartographic language,
favoring spatial positioning of the sectors of greater social vulnerabilities; 4 - the method employed here allows,
on the one hand, identifying the sectors with the highest demands for public investment; on the other hand, it
allows evaluating the effects of public policies and planning by means of temporal evaluations of the evolution
of social vulnerability indexes.

The most frequent hazards that make victims annually in Brazilian urban spaces are, mainly, landslides
and floods. Heat/cold waves, air pollution, tailings dams, for instance, are also potential threats, just as are
pandemics.

Currently, the pandemic of the novel coronavirus (Sars-Cov-2) threatens late-capitalist countries (such
as Brazil) in a special way since the complexity of their social structure is marked by strong inequality. Knowledge
of geography in its different aspects (social, economic, spatial and environmental/sanitary) is of utmost
importance in risk management. In the specific case of Cuiaba-MT, Brazil, the Urban Social Vulnerability Index
(USVI) indicates that the elderly (the social group most vulnerable to coronavirus disease - COVID-19) live in
urban spaces with better socioeconomic conditions. On the other hand, “income” was the most relevant
variable in explaining social vulnerability. This reinforces the importance of public policies to guarantee
minimum income as a condition for reducing damage and increasing resilience for groups living in the most
vulnerable areas. Despite the fact that other aspects deserve further scrutiny, the Urban Social Vulnerability

Index (USVI) demonstrates its potential for studies on the reduction of risks and social vulnerabilities.

Supporters
We are grateful for the support of the Brazilian Institute of Geography and Statistics (IBGE), which
granted Aristoteles Teobaldo Neto a full-time leave from his federal public service duties, with the objective of
obtaining a PhD degree from S3do Paulo State University (UNESP), Graduate Program in Geography, Faculty of
Sciences and Technology, campus of Presidente Prudente-SP, Brazil.

We thank the S3o Paulo Research Foundation (FAPESP) for grant No. 2016/03599-9.



https://revistas.ufpr.br/raega
http://dx.doi.org/10.5380/raega.v53i0.79867

4 157
ISSN eletrdnico 2177-2738

0 ESPACO GEOGRAFICO EM ANALISE RA’EGA, Curitiba, PR, V.53, p.139-159, 03/2022
https://revistas.ufpr.br/raega DO!: http://dx.doi.org/10.5380/raega.v53i0.79867

The opinions, hypotheses and conclusions or recommendations expressed in this material are the sole

responsibility of the authors and do not necessarily reflect the views of FAPESP and IBGE.

V. REFERENCES

ACSELRAD, H. Justica Ambiental e Construcdo Social do Risco. In: Desenvolvimento e Meio Ambiente. 2002, p.
49-60. DOI 10.5380/dma.v5i0.22116. Available at https://revistas.ufpr.br/made/article/view/22116 (Accessed
February 26 2021)

ALMEIDA, L. Q. Vulnerabilidades socioambientais de Rios urbanos: bacia hidrografica do rio Maranguapinho,
regido metropolitana de Fortaleza, Ceara. 2010. 278 f. Tese (Doutorado em Geociéncias e Ciéncias Exatas).
Universidade  Estadual Paulista. Campus de Rio Claro. Rio Claro SP. Available at
https://repositorio.unesp.br/handle/11449/104309?show=full (Accessed March 28 2019).

ALMEIDA, L. Q. Welle, T. BIRKMANN, Jorn. Disaster risk indicators in Brazil: A proposal based on the world risk
index. In International Journal of Disaster Risk Reduction. 2016. Volume 17, Pages 251-272, ISSN 2212-42009.
Available at https://doi.org/10.1016/].ijdrr.2016.04.007 (Accessed March 18 2019).

BECK, Ulrich. La sociedad del riesgo mundial: en busca de la seguridad perdida. Ediciones Paidds Ibérica. 2008.

CUNHA, Lucio. Vulnerabilidade: a face menos visivel do estudo dos riscos naturais. In Riscos naturais, antrépicos
e mistos. Homenagem ao Professor Fernando Rebelo. Coimbra, p. 153-165. DOl 10.13140/RG.2.1.4735.8802.
August 2013. Available at
https://www.researchgate.net/publication/264120142_Vulnerabilidade_a_face_menos_visivel_do_estudo_d
os_riscos_naturais Accessed February 26 2021

CUNHA, L. LEAL, C. Natureza e sociedade no estudo dos riscos naturais. Exemplos de aplicacdo ao ordenamento
do territério no municipio de Torres Novas (Portugal). In As novas geografias dos paises de lingua portuguesa.
Paisagens territérios e politicas no Brasili e em Portugal, Geografia em Movimento. DOI:
10.13140/RG.2.1.2900.8729. Sao Paulo pp. 47-66. 2012.

CUNHA, L. MENDES, J. M. TAVARES, A. FREIRIA, S. Construcdo de modelos de avaliacdo de vulnerabilidade social
a riscos naturais e tecnoldgicos: o desafio das escalas. Imprensa da Universidade de Coimbra. p. 627-637. 2011.
Available at DOl:http://dx.doi.org/10.14195/978-989-26-0244-8 71. Accessed February 26 2021.

CUTTER, S. L. The vulnerability of Science and the Science of vulnerability. Annals of the Associaton of American
Geographers. USA. v. 93, n 1. 2003. Available at https://doi.org/10.1111/1540-6237.8402002 (Accessed March
24 2018).

CUTTER, S. L. Vulnerability to environmental hazards. Progress in Human Geography, v. 20, n. 4, p. 529-539.
USA. 1996. Available at DOI: https://journals.sagepub.com/doi/10.1177/030913259602000407. Accessed
February 26 2021.

CUTTER, S. L; BORUFF, J.; SHIRLEY, W. Social vulnerability to environmental hazards. In Social Science Quarterly,
v. 84, n. 2, p. 242-261. 2003. Available at DOI: https://onlinelibrary.wiley.com/doi/abs/10.1111/1540-
6237.8402002. Accessed February 26 2021.

CUTTER, Susan L. A ciéncia da vulnerabilidade: modelos, métodos e indicadores. Revista Critica de Ciéncias
Sociais. 2011. Available at http://journals.openedition.org/rccs/165. DOI: 10.4000/rccs.165 Accessed February



https://revistas.ufpr.br/raega
http://dx.doi.org/10.5380/raega.v53i0.79867
https://repositorio.unesp.br/handle/11449/104309?show=full
https://doi.org/10.1016/j.ijdrr.2016.04.007
https://www.researchgate.net/publication/264120142_Vulnerabilidade_a_face_menos_visivel_do_estudo_dos_riscos_naturais
https://www.researchgate.net/publication/264120142_Vulnerabilidade_a_face_menos_visivel_do_estudo_dos_riscos_naturais
https://doi.org/10.1111/1540-6237.8402002
https://journals.sagepub.com/doi/10.1177/030913259602000407
https://onlinelibrary.wiley.com/doi/abs/10.1111/1540-6237.8402002
https://onlinelibrary.wiley.com/doi/abs/10.1111/1540-6237.8402002

4 158
ISSN eletrdnico 2177-2738

0 ESPACO GEOGRAFICO EM ANALISE RA’EGA, Curitiba, PR, V.53, p.139-159, 03/2022
https://revistas.ufpr.br/raega DO!: http://dx.doi.org/10.5380/raega.v53i0.79867
26 2021.

FIGUEIREDO F., DALSON B. SILVA JUNIOR, J. A. Visdao além do alcance: uma introdugao a analise fatorial. In
Opinido Publica, Campinas, v. 16, n. 1, p. 160-185. 2010. Available at DOI: http://dx.doi.org/10.1590/50104-
62762010000100007 Accessed February 26 2021.

FREITAS, M. I. C. CUNHA, L. Modelagem de dados socioambientais visando estudos de vulnerabilidade: O caso
de 17 concelhos do centro de Portugal. In Revista Geonorte, Edicdo Especial, V.1, N.4, p.816 — 829. 2012.
Available at http://www.periodicos.ufam.edu.br/revista-geonorte/article/view/1877 (Accessed March 2019).

FREITAS, M. I. C. CUNHA, L. Cartografia da vulnerabilidade socioambiental: convergéncias e divergéncias a partir
de algumas experiéncias em Portugal e no Brasil. In urbe, Rev. Bras. Gest. Urbana [online]. vol.5, n.1, pp.15-31.
2013. ISSN 2175-3369. Available at http://dx.doi.org/10.7213/urbe.7783. Accessed February 26 2021.

GIDDENS, Anthony. Modernidade e Identidade. Traducdo de Plinio Dentzien. Jorge Zahar Editor. Rio de Janeiro.
2002.

HAIR, Jr; BLACK, W. C; BABIN, B. J; ANDERSON, R. E E TATHAM, R. L. Multivariate Data Analysis. 62 edigdo. Upper
Saddle River, NJ: Pearson Prentice Hall. 2006.

NAZMFAR, H. SAREDEH, A. ESHGI, A. FEIZIZADEH, B. Vulnerability evaluation of urban buildings to various
earthquake intensities: a case study of the municipal zone 9 of Tehran. Human and Ecological Risk Assessment:
An International Journal, 25:1-2, 455-474, 2019. Available at DOI: 10.1080/10807039.2018.1556086. Accessed
February 26 2021.

HUMMIELL, B. CUTTER, S. EMRICH, C. Social Vulnerability to Natural Hazards in Brazil. International Journal of
Disaster Risk Science. 2016. Available at DOI: 10.1007/s13753-016-0090-9. Accessed February 26 2021.

IBGE - Instituto Brasileiro de Geografia e Estatistica. Cadastro Nacional de Enderecos para Fins Estatisticos.
Censo Demografico 2010. Cuiaba MT. Available at https://www.ibge.gov.br/estatisticas-novoportal/downloads-
estatisticas.html (Accessed March 2019).

IBGE - Instituto Brasileiro de Geografia e Estatistica. Pesquisa Nacional de Saneamento Basico - 2008. Ministério
do Planejamento, Orcamento e Gestdo. Diretoria de Pesquisas. Coordenacdo de Populacdo e Indicadores
Sociais. Rio de Janeiro. 2010. Available at https://biblioteca.ibge.gov.br/visualizacao/livros/liv45351.pdf
(Accessed March 2019).

IBGE - Instituto Brasileiro de Geografia e Estatistica. Sinopse do Censo Demografico 2010. Mato Grosso. 2010.
Available at http://www.censo2010.ibge.gov.br/sinopse/index.php?uf=51&dados=6 (Accessed March 2019).

IBGE - Instituto Brasileiro de Geografia e Estatistica. Base de informac¢des do Censo Demografico 2010:
Resultados do Universo por setor censitario. Rio de Janeiro. 2011. Available at
http://cens02010.ibge.gov.br/resultados (Accessed October 2014)

JULIAO, R. P. NERY, F. RIBEIRO, J. L. BRANCO, M. C. ZEZERE, J. L. Guia metodolégico para a producdo de
cartografia municipal de risco e para a criacao de sistemas de informac¢do geografica (sig) de base municipal.
Autoridade Nacional de Proteccdo Civil. Setembro 2009. 92 p. Portugal. Available at DOI:
http://dx.doi.org/10.14195/978-972-8330-23-1_4 Accessed February 26 2021.

ZHANG, J. A Vulnerability Assessment of Storm Surge in Guangdong Province, China. Human and Ecological Risk
Assessment: An International Journal, 15:4, 671-688, 2009. Available at DOI: 10.1080/10807030903050749



https://revistas.ufpr.br/raega
http://dx.doi.org/10.5380/raega.v53i0.79867
http://dx.doi.org/10.1590/S0104-62762010000100007
http://dx.doi.org/10.1590/S0104-62762010000100007
http://www.periodicos.ufam.edu.br/revista-geonorte/article/view/1877
http://dx.doi.org/10.7213/urbe.7783
https://www.ibge.gov.br/estatisticas-novoportal/downloads-estatisticas.html
https://www.ibge.gov.br/estatisticas-novoportal/downloads-estatisticas.html
https://biblioteca.ibge.gov.br/visualizacao/livros/liv45351.pdf
http://www.censo2010.ibge.gov.br/sinopse/index.php?uf=51&dados=6
http://censo2010.ibge.gov.br/resultados%20(Accessed
http://dx.doi.org/10.14195/978-972-8330-23-1_4

4 159
ISSN eletrdnico 2177-2738

0 ESPACO GEOGRAFICO EM ANALISE RA’EGA, Curitiba, PR, V.53, p.139-159, 03/2022
https://revistas.ufpr.br/raega DO!: http://dx.doi.org/10.5380/raega.v53i0.79867

Accessed February 26 2021.

MARANDOLA JUNIOR, E. Habitar em risco: mobilidade e vulnerabilidade na experiéncia metropolitana. Sao
Paulo: Blucher. 2014.

MENDES, J. M. et al. Vulnerabilidade social aos riscos naturais e tecnolégicos em Portugal. In: SOARES, C. G. et
al. (Org.). Riscos industriais e emergentes. Lisboa: Edigdes Salamandra. p. 67-84. 2009. Available at
https://www.academia.edu/875342/Vulnerabilidade_Social_aos_Riscos_Naturais_e_Tecnol%C3%B3gicos_em
_Portugal (Accessed March 2019).

MENDES, J. M. CUNHA, L. TAVARES, A. O. Freiria, S. A vulnerabilidade social aos perigos naturais e tecnolégicos
em Portugal. In Revista Critica de Ciéncias Sociais [Online], 93. 2011. Available at <http:// rccs.revues.org/90;
DOI: 10.4000/rccs.90. (Accessed March 2017).

NASCIMENTO JUNIOR, L. Clima urbano, risco e vulnerabilidade em cidades costeiras do mundo tropical: estudo
comparado entre Santos (Brasil), Maputo (Mocambique) e Brisbane (Australia). 171 f. 2018. Tese (Doutorado
em Geografia). Programa de Pds Graduacdao em Geografia da Faculdade de Ciéncias e Tecnologia. Universidade
Estadual Paulista (UNESP). Campus de Presidente Prudente/SP.

NAYAK, S. G. SHRESTHA, S. KINNEY, P.L. ROSS, Z. SHERIDAN, S. C. PANTEA, C. I. Hsu, W. H. Muscatiello, N. Hwang,
S. A. Development of a heat vulnerability index for New York State. Disponivel in Public Health. 127 — 137p.
2018. Available at DOI: https://doi.org/10.1016/j.puhe.2017.09.006 Accessed at February 21 2021.

PESTANA, M. H., & GAGEIRO, J. N. Analise de dados para ciéncias sociais: A Complementaridade do SPSS (6a).
Lisboa: EdigGes Silabo Ltda. 2014.

SHACH-PINSLY D. Measuring security in the built environment: Evaluating urban vulnerability in a human-scale
urban form. In Landscape and Urban Planning. Volume 191, 103412. 2019. Available
https://doi.org/10.1016/j.landurbplan.2018.08.022 (Accessed July 8 2020)

SOUZA, L. B. Zanella, M. E. Percepc¢ao de Riscos Ambientais: Teorias e Aplicacdes. Fortaleza: Edigdes UFC. 237 p.
il.; Isbn: 978-85-7282-372-2 (Colegao Estudos Geograficos, 6). 2009

UNITED NATIONS World Urbanization Prospects: The 2014 Revision, (ST/ESA/SER.A/366). 517 p. 2015. Available
at https://esa.un.org/unpd/wup/Publications/Files/WUP2014-Report.pdf (Accessed May 2017).

VEYRET, Ivette. Os riscos: o homem como agressor e vitima do meio ambiente. [tradutor Dilson Ferreira da Cruz]
2 ed. 1a. impressdo. Sao Paulo: Contexto. 2015.

WISNER, Bem. BLAIKIE, Piers. CANNON, Terry. DAVIS, lan. At Risk: Natural hazards, people’s vulnerability and
disasters. 22. ed. Londres: Routledge. 2003.



https://revistas.ufpr.br/raega
http://dx.doi.org/10.5380/raega.v53i0.79867
https://www.academia.edu/875342/Vulnerabilidade_Social_aos_Riscos_Naturais_e_Tecnológicos_em_Portugal
https://www.academia.edu/875342/Vulnerabilidade_Social_aos_Riscos_Naturais_e_Tecnológicos_em_Portugal
https://doi.org/10.1016/j.puhe.2017.09.006
https://doi.org/10.1016/j.landurbplan.2018.08.022
https://esa.un.org/unpd/wup/Publications/Files/WUP2014-Report.pdf

