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Abstract

The concept of vulnerability is intrinsically attached to the risks that can affect the
balance of life in countless ways. Thus, this paper aimed to determine the sites that
present social vulnerability levels in the urban context of the municipalities of Barra
do Garcas—MT, Pontal do Araguaia—MT and Aragarcas—GO. The social vulnera-
bility index was calculated using a set of 23 indicators, arranged in 05 subjects: Con-
ditions of breadwinners, family conditions, housing conditions, urban infrastructure
and economic dimension. Then these results were inserted in the geographic infor-
mation system through ARCGIS program for spatial representation of social vulne-
rability levels. It was found that the social vulnerability indices found for the study
area were very low, low and medium, which did not show a very critical situation. In
Pontal do Araguaia—MT was found low level of vulnerability. In contrast, in Barra
do Garcas—MT, the sectors with greater social vulnerability are located in the west-
ern part of the city, which includes neighborhoods with lower family income, and
lack of infrastructure. Regarding the Aragarcas city was noted that the so-
cio-territorial segregation of vulnerability is more evident, and the sectors with me-
dium index of vulnerability are located more on the outskirts of the city. The pro-
posed methodology was effective and the socio-economic dimension has been well
addressed, which is a diagnostic path that can be used to search for a more efficient
urban development through specific public policies, which in turn will increase the
resilience of the population involved.
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1. Introduction

It is clear that the urban expansion of Brazilian cities has been characterized by the se-
gregation due to economic and social factors. This is reflected in territorial spreading
represented by the occupations of the peripheries of the cities as well as irregular areas
with high environmental vulnerability (riverbanks and hill slopes). Consequently, the
densification of these areas is often devoid of the minimum urban infrastructure. It is
true that urbanization can have negative effects observed from various angles, includ-
ing: Environmental degradation, pollution, sealing, overexploitation of natural re-
sources and the growing occupation of risk areas [1].

In this sense, in opposition to what the law provides, part of the population ends up
taking areas where formal occupation is not permitted. There is a duality between “legal
city”, where public investments are concentrated and the “illegal” city, where quickly
dominates the growth of informal occupations in poor and vulnerable environmentally
areas [2].

In the example of these irregular occupations, it emphasizes that these are places of
social exclusion, maintenance difficulties and organization of public spaces, of water-
borne diseases brought by the floods. Occurs then, the peripheries and the occupation
of the considered worst portions of the territory, subject to landslides and health risks
[3].

Thus, real estate speculation in areas with large populations, because of the shortage
of real estate, encourages the practice of irregular occupations by the low-income pop-
ulation that is sometimes excluded from the formal real estate market [4]. These occu-
pations often occur in valley bottoms, subject to flooding, or hill slopes with great risk
of slipping; besides polluted areas or areas of environmental protection, which only
bring harm to the community.

In addition to real estate speculation, the maldistribution of wealth would integrate
the origin of occupation process of environmental vulnerability areas. The high con-
centration of wealth creates a framework of social instability which is reflected in the
organization of urban space [5]. Thus, the most deprived areas of infrastructure, ser-
vices and quality of life are occupied by low-income people.

In this context, assess the social vulnerability of a group of individuals means assess-
ing susceptibility and, indirectly, the responsiveness to natural hazards [6] [7]. In this
sense, it should be made a diagnosis that identifies who is at risk, what is the risk, and
in which location [8].

Therefore, this research aims to determine the sites that have social vulnerability le-
vels in the urban context of the municipalities analyzed, through a set of 23 indicators,
arranged in 05 themes. These indicators were obtained from the analysis of environ-
mental vulnerability study models developed in Brazil, which were present in the cen-
sus database of the Brazilian Institute of Geography and Statistics (IBGE) in 2010, with
specified data by census tract.

In addition to this introductory content, this paper presents in their other items a

theoretical foundation on vulnerability, materials and methods, results, considering the
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aspects related to the social dimension of vulnerability and conclusions generated by
this study.

2. Theoretical Conceptualization of Vulnerability

Many authors [9] [10] [11] have undertaken efforts to elucidate the complexities asso-
ciated with the concept of vulnerability, and some of them believe there is still a long
way to go to reach a completely satisfactory concept that researchers can agree, as well
as a solution that can be determined and applied in various situations and environ-
ments. This would be a challenge to interdisciplinarity, since the concept of vulnerabil-
ity covers multiple dimensions and is a term used in various areas of knowledge, always
related to the occurrence of phenomena that affect the conditions of human life, mak-
ing it more fragile and susceptible to occurrence of events which disrupt their devel-
opment [12].

The vulnerability meaning can therefore be understood from a variety of settings and
applications [13], which are not always related but integrate aspects of risk, threats and
risks in its definition [14]. One of these definitions, states that the vulnerability can be
understood as the magnitude of the likely impact of a hazard on the targets, that is, its
function is to measure harmful impacts of these events on affected targets [15]. In a
more specific conception, vulnerability is defined as the probability of an individual,
group or community being exposed and affected by situations of risk of various kinds,
alone or in combination [12].

It is important to note that, in all cases, the authors agree that the vulnerability can
be described as the set of characteristics which accentuate or mitigate the damage of
these susceptible elements in consequences of extreme events [16].

It is noticed also that over the last few decades, the concept of vulnerability has
evolved since it ceased to be identified only as the risk exposure to a much richer and
complex concept that incorporates the characteristics of the affected elements that can
accentuate or attenuate the potential impacts of an extreme event. Therefore, also fo-
cusing on the properties of the elements at risk, it is possible to go beyond the idea that
the risk is up to an external factor and vulnerability begins to play an active role [17]. In
this sense, the vision focused on physical occurrence is replaced by the view toward the
catastrophe, which implicitly includes the elements that are potentially affected [18].

It is also important to note that the vulnerability has emerged as a key concept in the
understanding of a system condition or their predisposition to be threatened by hazards
[19]. Thus, system vulnerability is the ability of a system to withstand damage from ex-
ternal threats.

Following this understanding, the concept of vulnerability it is associated to resis-
tance and resilience issues, understanding that resistance is the ability of an individual
or group or even a society to continue working as usual after suffering a disaster. Al-
ready resilience would be the ability of an individual, group or society to recover from
the impact of the disaster that has affected the normal operation [11] [20]. The two

concepts can be related to the different attitudes to risk, because the resistance refers to
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a passive quality associated to the actual characteristics of the exposed elements and re-
silience refers to dynamic management associated with spontaneous or planned actions
that affect the vulnerability.

Another relevant factor to be discussed is that the science of vulnerability requires an
integrated approach to explain the complex interactions between social, natural and ar-
tificial systems. [21] Generally, what is found in most disaster research is that the risk of
exposure to these disasters and evaluation of biophysical vulnerability are more empha-
sized [6] [22].

It is noted that social vulnerabilities are largely ignored, mainly because of the diffi-
culty in quantifying them [6]. They would be partly a product of evolution of social in-
equalities, social and spatial segregation and social factors that influence or shape the
susceptibility of various groups and also governing their responsiveness [6] [23]; and
therefore the effects of disasters and catastrophes are extended [6].

Following the above, it is understood that it would be very important to analyze the
conditions of vulnerability from the interaction of social and environmental problems,
leading to socio-environmental vulnerability denomination which is the coexistence,
cumulative or spatial overlap of poverty and social deprivation situations and exposure
to risk situations/and or environmental degradation [24]. However, in this article we

examine only the social vulnerability.

3. Materials and Methods
3.1. Study Area

The study area covers the urban area formed by three municipalities, namely: Ara-
gargas, in Goids; Pontal do Araguaia and Barra do Gargas in Mato Grosso. Figure 1
shows the location of the study area.

Barra do Gargasis a municipality in the state of Mato Grosso, located in the mesore-
gion of Mato Grosso Southeast and micro region of Middle Araguaia. With a land area
of 9078.983 square kilometers, has a population of 58,398 inhabitants [25] and a density
of 6.23 inhabitants per square kilometer.

Pontal do Araguaia is also a municipality in the state of Mato Grosso, located in the
middle region of Mato Grosso Southeast and micro region of Tesouro. With a land area
of 2738.777 square kilometers, has a population of 6128 inhabitants [25] and a popula-
tion density of 1.97 inhabitants per square kilometer.

Aragarcas is a municipality in the state of Goids, located in the middle region of the
West of Goias and micro region of Aragarcas. With a land area of 662.91 square kilo-
meters, has a population of 19,583 inhabitants [25] and a population density of 27.61
inhabitants per square kilometer.

For this study area were collected data available by IBGE and was applied the me-
thodology proposed by the research, explained in the items below.

3.2. Survey of Used Variables and Indicators

To assess the social vulnerability of the study area and further development of an index
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Figure 1. Location map of cities. Source: Elaborated by author.

2010 Census socioeconomic variables were collected from the Brazilian Institute of
Geography and Statistics-IBGE [26]. For the cities of Barra do Gargas, Aragarcas and
Pontal do Araguaia these data are only available by census tract, and therefore the
smallest unit of analysis. There are 115 census tracts inserted in urban municipalities.
(78 of Barra do Gargas, 6 of Pontal do Araguaia and 31 in Aragarg¢as).

For the selection of these variables were taken as reference Almeida [8], Gamba and
Ribeiro [4] and Maior [27] models proposed; which work with socioeconomic and en-
vironmental indicators for the composition of the vulnerability index. Preference was
given to those variables most repeated in the three models.

It is emphasized that the indicators were also chosen as availability of data for the ci-
ties studied, as well as to suit the reality of them. The characteristics of these indicators
are related to social, economic, domiciliary infrastructure and urban infrastructure is-
sues.

Therefore, 23 indicators were used, which, for applying more didactic, were grouped
into homogeneous sub-groups, called factors and also in groups called dimensions.
Were stipulated 5 dimensions that could contemplate the different aspects of social

vulnerability, namely: The conditions of breadwinners, family conditions, economic
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conditions, the situation of the households, and finally the urban infrastructure availa-
ble to these households (Table 1).

For the chosen indicators based justifications were made on the following criteria: 1)
gender issue; 2) age and education (literacy), which are factors that influence negatively
or positively in responsiveness to mobilization of assets; 3) performance issues, which
hinder or facilitate the maintenance of the family; 4) age, characterized by greater de-
pendence and vulnerability; 5) number of residents, as families with many components
require greater assets; 6) home and urban infrastructure conditions, that reflect nega-
tive aspects of housing and basic sanitation, increasing the vulnerability of the residents.

Still according to Table 1, these indicators have positivity or negativity relationship
with the vulnerability, that is, contributing to its increase or decrease, and have differ-

ent formulas for their calculation, as detailed in the following section.

Table 1. Representation of social vulnerability indicators for the study area.

Dimension

Social Vulnerability Index (SVI)

Theme Indicators

% Young responsible of household. ==

1-Age
% Elderly responsible of household. ==
% Young women responsible of household. =
Conditions of breadwinners 2-Gender
% Elderly women responsible of household. =
3-Educational status % Literate Responsible. +
4-Income % Responsible with no monthly income. ==
1-Family composition % Households with many residents. ==
% People with 0-14 years old. ==
Family conditions 2-Age greater dependence
% People over 64 years old. wm
3-Educational situation % Literate people. +
% Own homes or in acquisition. +
1-Occupation situation % Rented homes. ==

Home conditions

Urban infrastructure

% Household like house provided. wm

% Improvised household. ==

2-Home inadequacy

% Household without bathroom ==

% Households without general network water supply. ==

1-Basic sanitation % Households with no solid waste collection. ==

% Households without sewage. ==
% Households with no monthly income. ==

% Households with per capita monthly income of up to 1/4 minimum wage. ==

Economic dimension 1-Household income per capita % Households with per capita monthly income of 1/4 to 1 minimum wage. ==

% Households with per capita monthly income of 1 to 3 minimum wages. +

% Households with monthly income per capita above 3 minimum wages. +

Legend == Relationship of negativity B Relationship of positivity

Source: Elaborated by author.
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3.3. Data Analysis and Interpolating of Variables

With the values of the variables collected, the calculations, followed the following steps:

Step 1: After choosing the set of variables, it was found that these showed different
units of measurement. To facilitate the analysis, they were transformed into indexes
that enabled aggregation in their dimensions to estimate the Social Vulnerability Index
(SVI).

Step 2: It was necessary to classify how these variables are related to the vulnerability,
that is, positively when the extent that the variable grows, it contributes to reduce the
vulnerability; and negatively when the extent that the variable grows, it contributes to
increase the vulnerability.

Step 3: After identifying the positive or negative relationship of variable with socioe-
conomic vulnerability process it was made operationalization to calculate the index
from formulas that recognize these relationships and allow vulnerability analysis
through the aggregation of all indexes. Such formulas are shown in Table 2.

At where:

I=index calculated for each census tract of the study area

x = observed value of each variable in each census tract

m = minimum value identified in all census tracts

M = maximum value identified in all census tracts

As can be seen, with this formula presented, it was necessary to have the minimum
and maximum levels for each indicator. Therefore, a comparison of observed values
was made in each of the census tracts always analyzed with the lowest and highest
among all other sectors of the analyzed study area.

Step 4: After doing the calculation of the index for each indicator, the aggregation of
these indices by size is performed by the arithmetic average, coming to the five dimen-
sions index: conditions of breadwinners, family conditions, home conditions, urban in-
frastructure and economic dimension.

Step 5: Finally, the Social Vulnerability Index (SVI) of census tracts was calculated as
the arithmetic average of the indexes of the five dimensions.

This procedure adjusts the observed values of the indices to scale which the mini-
mum value is zero (0) and the maximum value is one (1) creating conditions for aggre-
gation of these and subsequent estimation of Social Vulnerability Index (SVI) of the
census tracts of Barra do Gargas, Pontal do Araguaia and Aragargas.

For the representation of the indices for each variable group, we used a set of colors
that correspond to the socially vulnerable levels of population explicit in each census

tract studied. Table 3 shows the classification and representation of indexes ranging

Table 2. Formula indexes as the type of relationship (positive or negative).

When the relationship is positive: When the relationship is negative:
_(M-x) [ (x=m)
“(M-m) “(M-m)

Source: Adapted from Maior (2014).
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Table 3. Classification and representation of indexes on social vulnerability levels.

Index (0 - 1) Social vulnerability levels Coloring
1.0000 - 0.8001 Very high

0.8000 - 0.6001 High

0.6000 - 0.4001 Medium

0.4000 - 0.2001 Low

0.2000 - 0.0000 Very low

Source: Adapted from Maior (2014).

from (0 - 1) for the corresponding color as a defined scale for this study:
Then these results were inserted in the geographic information system through

ARCGIS program for possible spatial representation of social vulnerability levels.

4. Results and Discussion

The analysis of the dimensions of social vulnerability helped to demonstrate the current
picture of the situation of population by census tract, revealing the main ills that affect
families in the context of conditions of the breadwinners, family conditions, regarding
to family composition, age structure and education, housing conditions, urban infra-
structure, and economic situation; presenting the census tracts in which families are
met negatively by the overlap of these factors within the socio-environmental vulnera-
bility system.

As already mentioned, the result of social vulnerability index is obtained by the
arithmetic average of the five dimensions worked, reflecting the census tracts that had
higher rates, which can be seen on Figure 2.

Based on the introduced map, it is possible to see the very low, low and medium vul-
nerability levels in the study area. At that point, it is shown the importance of public
policies be adopted with a view to social development and to the satisfaction of the de-
sires of the population.

From this result, it is verified that the city of Pontal do Araguaia—MT has a com-
fortable situation where all sectors were classified with low vulnerability. The city of Barra
do Gargas—MT was the only one to have sectors with very low level of vulnerability,
but, on the other hand, presented five census tracts with medium level of vulnerability.
The city of Aragargas also presented five census tracts with a medium level of vulnerabil-
ity. Figure 3 shows the percentage of obtained indexes for each level of vulnerability.

As Figure 3, it can be observed that 9% of the sectors of the study area present me-
dium vulnerability. The sectors that showed low vulnerability account for 83% of the
total, and the sectors with very low vulnerability, represented only 8%.

With these data, it is verified that in general the study area presents a comfortable
position in relation to indexes shown.

Selecting the census tracts that had medium vulnerability indices in Figure 2 and
their most critical indicators, it is possible to construct the Table 4, which summarizes

the contribution indicators in each census tract with their respective number of indicators
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Figure 2. Social vulnerability. Source: Elaborated by author.

with very high and high vulnerability.

Analyzing Table 4 and Figure 2, it is verified that the greatest social vulnerability
sectors are located in the western part of the city of Barra do Garcas—MT and refer to
neighborhoods Nova Barra, Jardim Palmares, Vila Maria and lots in BR 070. This last
one is unique in its characteristics, since it is a sector with very few households (only 7),
and other buildings refer to commercial buildings on the highway margins and the
campus of the Federal University of Mato Grosso. In relation to the three sub-districts
(Barra Nova, Palmares, and Vila Maria), notedly, they are neighborhoods with lower
family income, poor infrastructure and are therefore socially vulnerable.

Regarding Aragarcas—GO, the socio-territorial segregation of vulnerability is more
present, and the sectors with medium index of vulnerability are located more on the

outskirts of the city in the following districts: part of the Bela Vista Sector (the portion
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Study area
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83%
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16%
84% 82% 100%

low medium Vvery low low medium

Figure 3. Percentage of census tracts according to the level of social
vulnerability. Source: Elaborated by author.

Table 4. Summary of contributory indicators for social vulnerability by census tract.

Aragargas—GO Barra do Gargas—MT
06 12 23 26 34 21 22 27 61 63
Young responsible of household -

Elderly responsible of household
Young women responsible of household
Literate responsible
Households with many residents
People with 0 - 14 years old
People over 64 years old
Literate people
Own homes or in acquisition
Household like house provided
Household without bathroom
Households without general network water supply
Households with no solid waste collection
Households without sewage
Households with per capita monthly income of 1/4 to 1 minimum wage

Households with per capita monthly income of 1 to 3 minimum wages

Households with monthly income per capita above 3 minimum wages
Total indicators with very high vulnerability 2 2 4 6 6 4 5 7 3 3
Total indicators with high vulnerability 3 6 4 1 2 5 3 2 5 3

Aragar¢as—GO 06: Part of Bela Vista sector (near to the airport). Aragargas—GO 12: José Divino Bispo and part of Ceard sector. Aragar¢as—GO 23: Alto Horizonte.
Aragarcas—GO 26: Part of Recanto das Primaveras. Aragarcas—GO 34: Jardim das Palmeiras and Jardim Novo Mundo. Barra do Gargas—MT 21: Nova Barra. Barra
do Gargas—MT 22: Vila Maria. Barra do Gargas—MT 27: Lotes BR-070. Barra do Gargas—MT 61: Vila Maria. Barra do Gargas—MT 63: Nova Barra and Jardim-
Palmares. Source: Elaborated by author.
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near the airport), José Divino Bispo Sector and part of Ceara Sector, Alto Horizonte,
Jardim das Palmeiras, Jardim Novo Mundoand part of the Recanto das Primaveras.
These last three neighborhoods are close to the Cdérrego Rola.

It is also necessary to give attention to indicators which alone showed high to very
high indexes of vulnerability. The analysis of indicator by indicator separately generat-
ed the elaboration of Figure 4 which shows the indicators with the highest percentages
of high and very high vulnerability in the study area, as well as their respective dimen-
sion.

It is verified that the most critical dimension is the economic dimension, with two
indicators with high vulnerability percentages, showing that the income factor is some-
thing to be worked in the municipalities in question. In this way, incentives to profes-
sional courses and better education for greater access to universities, as well as encou-
ragements to industry and service companies to increase employment can be solutions
for vulnerable populations.

Households with many residents and households without sanitation were also indi-
cators with high percentages, respectively 57.7% and 50.4% of the census tracts. Other
indicators: rented households and young responsible of household, even with the high-
est levels of its dimensions, did not have critical values: 14.4% and 13.5% of the census
tracts, respectively.

Given this diagnosis, even if the results presented are not critical it is necessary to
implement public policies in vulnerable areas for the social development is full
throughout the study area. It is believed that this indicator methodology can certainly
guide future public policy which should always be based on the characteristic features

of each sector.

Indicators

Young responsible of household [l 13.50%
Households with many residents 57.70%

Rented homes 14.40%

Households without sewage [N 50.40%

Households with per capita monthly income

- I 49.509
of 1/4 to 1 minimum wage 49.50%
H holds with thly i it
O Y I e ©6.50%
above 3 minimum wages
Dimensions
Il Conditions of breadwinners [ Home conditions I Economic dimension
Family conditions B Urban infrastructure

Figure 4. Percentage of high and very high vulnerability indexes and their dimensions. Source:
Elaborated by author.
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5. Conclusions

This study has shown the level of vulnerability in urban areas of the municipalities of
Aragarcas—GO, Barra do Gar¢as—MT and Pontal do Araguaia—MT, specifying in
each census tract of the vulnerability index of its residents.

The social vulnerability indexes found for the study area were very low, low and me-
dium, which did not show a very critical situation. This is because of the three cities
analyzed, only Aragar¢cas—GO and Barra do Gargas—MT showed medium levels of
vulnerability.

In Barra do Gargas—MT, the sectors with greater social vulnerability are located in
the western part of the city, which includes neighborhoods with lower family income,
and poor infrastructure. Regarding Aragarcas—GO it was observed that the so-
cio-territorial segregation of vulnerability is more present, and the sectors with medium
index of vulnerability are located more on the outskirts of the city.

At this point, it is demonstrated the importance of public policies to be adopted with
a view to social development and care of people’s aspirations.

It is therefore found that the proposed methodology was effective and the socio-
economic dimension has been well addressed, covering the main aspects that can in-
crease the vulnerability process of the study area families, which is a diagnostic path
that can be used in search more efficient urban development, minimizing the socio-

territorial segregation in cities involved.
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