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Abstract

The purpose of this study is to identify and analyze distinct profiles in a displaced
population from areas at high risk of disasters in Belo Horizonte, Brazil, according to
socioeconomic and demographic characteristics. Specific groups are more vulnerable
than others in urban areas prone to disaster risk, particularly those deprived of public
services, engaged in low-income activities, inhabiting informal settlements, and exposed
to external events such as climate hazards. In Belo Horizonte, the sixth most populous
city in Brazil, nearly 390,000 people live in areas prone to disasters such as floods,
landslides, and other events related to rainfall patterns.

In this study, we propose a methodology based on cluster analysis and PCA
(Principal Component Analysis) to identify subgroups with similar characteristics among
the resettled population between 2010-2020 from risk areas in Belo Horizonte. We
discuss how this methodology can help to better design populational policies to target
vulnerable groups exposed to the effects of sudden events and further effects of climate
change.
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Theoretical Focus

Scientific evidence by the IPCC (2014) suggests that human activities play a
major role in exacerbating the effects of climate, which would be primarily natural, but
have been increasingly frequent and extreme. According to IPCC projections (2014), the
trend for the coming years is that disasters happen more recurrently, and, in Brazil, there
is a notable trend of increasing temperature, thermal amplitude and intensity and volume
of precipitation that will occur with less predictability, followed by periods of more
intense drought that could impact production processes related to the availability of food

and water and the well-being of populations in urban centers (Magrin et al, 2014).
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Disasters are intrinsically linked to vulnerability and exposure. Floods and
landslides only become disasters when they occur in regions precariously inhabited by
vulnerable groups of people. Disasters are therefore the result of social and political
processes that happen over time. Climate change tends to generate greater exposure to
events of this type in communities that have long been socially neglected and ignored
(WISNER, 2004; KELMAN, 2019).

People are affected in unequal ways. Different groups that inhabit the most
vulnerable places are the most exposed to disasters, and among these groups, some still
accumulate more characteristics that turn them more vulnerable than others, such as
ethnicity, education, and gender. These characteristics are intrinsically linked to the level
of income and access to information and resource networks (MUTTARAK, JIANG,
LUTZ, 2016; WISNER, 2004).

Furthermore, populations habiting informal urban settlements, slums and other
areas characterized by poor infrastructure and insufficient coping capacity, tend to be the
most in need. Informal settlements by themselves usually have absence of public services
as freshwater and water supply systems, sewage services, energy availability and
transportation (ABUNYEWAH, GAJENDRAN, MAUND 2018).

The importance of knowing the socioeconomic and demographic aspects of these
areas and the groups that are generally resettled by public policies can help to understand
the vulnerability of this population and to inform policymakers about characteristics,

patterns and fragilities of the most suscetible to these events.
Data

The data are from municipal registers of Belo Horizonte, and contain information
about relocations made between 2010 and 2020. Circa 3214 individuals from 924
households were permanently relocated because of the hydrogeological hazards over this
time. The dataset involves demographic and socioeconomic information about each
member in the household, and the geographical location of each household resettled.

In the relocations provided by the Belo Horizonte City Hall, individuals are
removed from their home of origin and taken to other places, which may be temporary or
permanent. For this study, it was considered only the permanent relocation, in which the
residents of each household are removed to buildings and apartments built by the city hall
in environmentally safer regions. The cluster analysis will be based on a set of 17

variables shown in Table 1.



Table 1 — Set of variables for Principal Component Analysis

Individual Attributes

Economic Variables

Household Variables

Number of household

Age Income per capita
g P P members
Sex Total Income Presence of partner
Conditional Cash Transfer Location in Belo
Color/Race .
Programs Horizonte

Sex of Household Head

Presence of children

Education
Literacy
Occupational Status
Employment Status

Source: Own elaboration

Number of children
Intergenerational family

Research Methods

We use Principal Component Analysis in order to profile displaced households in
terms of the characteristics related to resettlement clusters and which attributes
differentiate patterns among them. Principal Component Analysis reduce the number of
variables in a dataset by generating clusters where the most similar are grouped. This
method will be used to identify correlated variables and unite them in new dimensions of
analysis with patterns to perform statistical recognition based on a framework that
highlights how social, economic, and demographic characteristics interact with each
other. Principal Component Analysis is essentially an exploratory technique to
multivariate data that provides a measure of profiles for household and individual
characteristics that maximally discriminate some types among the relocated population.

Different clusters can indicate interconnections between some variables and
characteristics related to the location from where the household was resettled. In a large
dataset, like the one in this research, reducing the dimensionality of data by agregating
information using statistical patterns provides information about the study object and
enhances its interpretability minimizing the loss of information by standardizing data
(JOLLIFFE; CADIMA, 2016).

Expected Findings

We will achieve three main results in this paper. First, we will produce clusters

aggregating households and individuals according to their characteristics and location in



Belo Horizonte. Second, we will establish criteria that distinguish clusters that can be
observed in the resettled population understanding how they differentiate from one
another and which key characteristics bring them closer. Third, we will understand how
these patterns were produced through ten years of public policy aiming these specific
areas at risk and its vulnerable population. Furthermore, our results will be useful to
outline population policies to inform policymakers to recognize patterns among the

resettles and city’s general population for future adjustments and conclusions.
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