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ABSTRACT

One of the main consequences of climate change in Brazil is the increase in the occurrence of extreme
rainfall, which in turn trigger Hydrometeorological disasters; the Brazilian continental dimension, the
regional characteristics of biomes and socioeconomic inequality are conditioning factors for the impacts
of extreme events in the country. This work analyzes Brazil’s socioeconomic and urban infrastructure
vulnerability, combined with the regional exposure of the population, based on disasters observed and
future scenarios for the occurrence of rainfall extremes. As a result, it points out that climate change
impact differently on large Brazilian regions, due to population density and the poor quality of urban
infrastructure services.

Keywords: Disasters Climate. Change Social. Inequality. Urban Infrastructure.

RESUMO

Uma das principais consequéncias das mudangas climdticas no Brasil é o aumento dos extremos de
chuva, que causa desastres hidrometeoroldgicos. A dimensdo continental brasileira, as caracteristicas
regionais dos biomas e a desigualdade socioeconémica sdo fatores condicionantes dos impactos dos
eventos extremos no Pais. Este trabalho analisa a vulnerabilidade socioeconémica e de infraestrutura
urbana brasileira, aliada a exposi¢do da populagdo, de maneira regional, a partir de desastres jd
observados e dos cendrios futuros para a ocorréncia de extremos chuvosos. Como resultados, aponta
que as mudancas climdticas impactam diferentemente as grandes regides brasileiras, em fun¢éo da
densidade populacional e da baixa qualidade dos servigos de infraestrutura urbana.

Palavras-chave: Desastres. Mudangas Climdticas. Desigualdade Social. Infraestrutura Urbana.

1 INTRODUCTION

One of the consequences of climate change is the variation in the rainfall regime and an increase
in the frequency and intensity of extreme weather events (IPCC, 2014; PBMC, 2014; MARENGO,
2010). Extreme climate events like rains, droughts or heat waves, are characterized by occurring
with intensity, duration or season that is different from the average climate state (MARENGO,
2009), and are natural phenomena that trigger disasters when they bring impacts to society
(TOMINAGA et al., 2009).

Highly-intense short-duration extreme rainfall causes floods; mildly-intense long-duration extreme
rainfall soaks the soil; therefore, the subsequent occurrence of short-duration highly-intense rain
when the soils is waterlogged causes landslides (TOMINAGA et al., 2009), also affecting the health
of the population, as they cause deaths, leave people injured, unsheltered, and increase the risk of
contamination by waterborne diseases (HACON et al., 2018).

For example, heat waves are associated to an increase in stress and sunstroke rates, aggravation of
cardiovascular diseases, (HACON et al., 2018; PBMC, 2014), and insufficient rainfall determines normal
dry periods, but when such periods are extended and intensified by the increase in temperature, they
are characterized as droughts (TOMINAGA et al., 2009; MARENGO et al 2019; 2020).

Specifically, related to hydrometeorological disasters, triggered by extreme rainfall, according to the
EM-DAT (the database of the Centre for Research on the Epidemiology of Disasters (CRED), between
1980 and 2000, 1,828 worldwide flood-type or landslide-type events were recorded, jumping to 3,550
worldwide occurrences between 2001 and 2019. The impact of extreme rainfall events does not affect
everyone in the same way. EM-DAT data presented in the United Nations report on poverty and losses
caused by disasters (UNISDR, 2018) show that between 1998 and 2017 an average of 130 people per
million died in disasters in poor countries, while this average falls to 18 in rich countries.
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Another important fact is that according to the 2019 report by the United Nations Disaster Risk
Reduction (UNDRR, 2019), more than 50% of the world population lives in urban areas, and by 2050
this percentage should increase to 75%. It is precisely in cities where the population most affected by
extreme weather events are concentrated.

In cities, rainwater drainage systems have been used for centuries for different purposes, among which
flood containment (BURIAN & EDWARDS, 2002). Tucci (2008) and Kita (2017) point to environmental
sanitation as an essential element of urban infrastructure, and Tucci (2008) states that the occupation
of lowland or slopes areas, and soil waterproofing without sufficient drainage to capture rainwater,
trigger the processes of floods, in addition to landslides.

Brazil has a historic presence of informal settlements, without urban infrastructure (MARICATO, 2009),
with socio-spatially segregated cities, and it is precisely in areas of low or no urban infrastructure that
the poorest, and most economically vulnerable population, lives (MARICATO, 2003 a and b; 2009),
which makes Brazilian cities even more vulnerable to climate change.

A reduction of disaster risks in Brazil includes monitoring and issuing alerts, which is an attribution of
the CEMADEN; disaster risk management, an attribution of the National Center for Risk and Disaster
Management (CENAD), as well national, state and municipal Civil Defense and the Geological Survey
of Brazil, working with CEMADEN and Brazilian Institute of Geography and Statistics (IBGE). It also
includes the policy for housing provision® and the development of instruments for planning urban
development and managing risk areas.

It is understood that, in addition to the population’s socioeconomic vulnerabilities, urban policy is a
determining factor for climate adaptation. Hence, this article presents a discussion on natural disasters
in Brazil, in the context of climate change and social inequality and urban infrastructure. This work
analyzes the relationship between natural disasters and urban infrastructure, as well as Brazil’s regional
socioeconomic conditions, taking into account future scenarios for the occurrence of rainfall extremes.
The objective is to understand which Brazilian regions, socioeconomic and environmental conditions
are more vulnerable to Hydrometeorological disasters.

1.1 HYDROMETEOROLOGICAL DISASTERS IN BRAZIL

Hydrometeorological disasters have been identified in a number of metropolitan regions, including the
metropolitan region of Sdo Paulo (MARENGO et al., 2020 a b), and urban precariousness aggravates
the impacts of extreme rainfall events (MARICATO, 2009; HUMMELL, 2016; RASCH, 2016; TRAVASSOS
etal., 2020). Changes in the rainfall regime and increase in the occurrence of extreme rain have already
been identified in the Southern and Southeastern regions of Brazil in the past 50 years (DUNN et al.,
2020; MARENGO, 2007), but small and medium-sized cities in the interior also concentrate areas of risk
and are subject to disasters (SAITO et al., 2019 e 2020).

In fact, disasters with the highest death tolls in Brazil are landslides, followed by floods. The Brazilian
Atlas of Natural Disasters (CEPED 2020) shows that between 2000 and 2019, totaling only 27% of the
total occurrences of all typologies of disasters, and affecting 20% of the total people affected, the
hydrometeorological disasters accounted for 84% of the unsheltered in the country, and 79.6% of the
deaths: 3.040 out of the 3.816 deaths in the period.

Brazil’s continental dimensions imply different levels of exposure to the impacts of the climate change
in its territory. In Northern Brazil, represented by the Amazon biome, there are indications of changes
in rainfall regime that may cause from sudden floods to droughts, which may become seasonal
(MARENGO and ESPINOZA, 2016, MARENGO et al., 2018; PBMC, 2014).

1 | Sustainable Development Goal, SDG 13, Indicator 13.1.1 Available: https://odsbrasil.gov.br/objetivo13/indicador1312
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In the Brazilian Center-West region, basically composed of the Cerrado and the Pantanal, and in the
Northeast, covered by the Caatinga, the data analyzed by the PBMC (2014) point to an increase in
temperature between 5 to 20% by 2040, further aggravated in the future, mainly in the Caatinga,
where in addition to the trend of more recurrent severe droughts, an increase in floods due to intense
and short-term rains is also expected. In the Southeastern region, the PBMC (2014) indicates that
minimum temperatures should increase, despite the gradual increase in temperatures in general, and
an increase in rain extremes of 5 to 10% in 2040 and up to 30% by 2100 (IPCC 2014, CHOU ET AL 2014
a and b). In Southern Brazil, PBMC (2014) models indicate a similar situation to the Southeast, with
a gradual increase in temperature, 15 to 20% increase in rainfall by 2040, reaching a 40% increase
in 2100. This increase would be in the form of intense events of extreme rainfall with dry and warm
periods in-between.

An increase in rainfall extremes may intensify the occurrence of hydrometeorological disasters, mainly
in exposed urban areas (MARENGO, 2007, DEBORTOLI et al 2016; AVALA et al, 2019); and the increase
in temperature, combined with population growth and urban sprawl over the Atlantic Forest, may
intensify water scarcity and increase the risk of rising sea levels in coastal areas (PMBC, 2016, 2017).

In 2011, Brazil’s worst natural disaster happened in the mountainous region of Rio de Janeiro, with
947 people killed, over 300 missing and thousands displaced, besides severe economic losses and the
destruction of housing and infrastructure due to floods and landslides (MARENGO and ALVES, 2012;
GRAEFF et al., 2012).

In January 2020, Belo Horizonte (capital of the state of Minas Gerais) and other 195 cities in the state
were hit by the highest recorded rainfall in 110 years. Cities declared a state of emergency, with 60
people dead and almost 30 thousand displaced (UFMG, 2020). On 3 February 2020, in the Baixada
Santista region, in the state of Sdo Paulo, a single extreme rainfall event caused 45 deaths and left
over 200 families unsheltered (GOVERNMENT OF THE STATE OF SAO PAULO, 2020). Floods in the state
of Amazonas, in 2009 and 2012 (MARENGO et al., 2013), affected some 20,000 families who lived in
precarious settlements.

It is worth highlighting the focus on Brazilian urban areas, where there has been a significant increase
in the number of disasters, as shown in Figure 1, which shows the population affected by disasters by
type of household: rural x urban.
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Figure 1 | Disasters in Urban x Rural Brazil

Source: Mikozs (2017).

ISSN-e 2179-9067 263 | Sustainability in Debate



\g B

Given the Brazilian urban precariousness, the increase in rainfall extremes is expected to increasingly
intense disasters (TRAVASSOS et al., 2020; RASCH, 2016; MARENGO, 2007).

1.2 SOCIO-SPATIAL INEQUALITY AND HYDROMETEOROLOGICAL DISASTERS IN BRAZIL

Climate change impacts on human life are complex and may be enhanced or minimized according to
individual and collective determinants that are inherent to a given social organization and their inter-
relations, including aspects such as age, health system’s capacity, and e conditioning social factors
(HUMMELL, 2016; RASCH, 2016; RUFAT et al., 2015; KOKS et al., 2015).

With regard to social conditions, the housing situation, sanitation, personal hygiene and access to
health services are factors that influence the vulnerability of populations exposed to climate stress,
which when combined to other environmental exposures may act as a trade-off, generating even more
risk for populations (HACON et al., 2018; HUMMELL, 2016; RUFAT et al., 2015).

Brazil is an unequal and socio-economically vulnerable country. The urgency of the issue on natural
disasters in Brazil becomes even more evident when the effects of the profound social inequality
(OXFAM, 2019; IPEA, 2017) are observed, affecting the ability of a large share of the population to cope
with impacts, whether health or climate ones (IPCC, 2014), due to their lack of access to appropriate
housing and sanitation conditions, for example.

According to Figure 2, the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
(IPCC, 2014) points out that the most socially vulnerable populations are also the most vulnerable to
climate change impacts. Inequality identity aspects and dimensions, expressed by social class, gender,
ethnicity, skin color, age and special needs are conditioning factors of multidimensional vulnerability
and risk exposure.
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Figure 2 | Vulnerability multidimensions.
Source: AR5 (IPCC, 2014) WG|, Cap. 13, Fig. 13.5 (translated by the authors).

Dias et al. (2018) explains the relationship between socioeconomics, urban infrastructure conditions
and the occupation of at-risk areas, from the crossing of census information, including the location of
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subnormal agglomerates? (AGSN, in the Portuguese acronym) and the quality of urban infrastructure,
showing that not only AGSN have low urban infrastructure rates, such as access to piped water and
sewage, but this is a condition that also occurs in formally regularized Brazilian settlements.

Some 85% of the Brazilian population live in cities, almost 25% live in the country’s main metropolitan
regions, and most Brazilian cities lack basic environmental sanitation and urban drainage services (IBGE,
2010; 2017). According to the Ministry of Cities (2007) and the Jodo Pinheiro Foundation (MARICATO,
2009), there are approximately 12 million informal and precarious households in Brazil, but according
to IBGE (2010), only 3 million households are considered AGSN, where almost 13 million people live.

Of the 5,570 Brazilian municipalities, 75% are exempt from preparing an Urban Master Plan because
they have less than 20 thousand inhabitants, and unplanned urbanization leads to informal settlements,
with no environmental licensing, nor proper regulation of land subdivision and, although 70% of AGSN
are found in and around capitals (IBGE, 2010), informality and precariousness are increasing in small
and medium-sized cities (PEREZ et al., 2017).

The Brazilian urbanization process, according to Maricato (2000), “is a slum production mechanism”
and, 20 years after this statement, even with the approval of the City Statute (LF 10.257/2001),
Brazilian cities are still presenting high socioeconomic and environmental inequality, with enclaves
of poverty and slums (CALDEIRA, 2010; MARICATO, 2017; 2009; 2003 a and b). For decades, private
ownership of land, derived from colonial times, associated with formal housing for the upper classes of
the population, has created socio-spatial segregation, and part of the low-income population started to
occupy borders of streams, floodplains, lands of high declivity, especially in large cities, informality and
precariousness are what is left for the low income classes (MARICATO, 2009), which, in addition to their
financial condition, now see their houses as another factor of vulnerability against hydrometeorological
disasters (HARDOY AND PANDIELLA, 2009). This is reflected in the fact that 42% of AGSNs are in at-risk
areas mapped by IBGE-BATER (IBGE, 2017).

Saito et al. (2020) conducted an extensive analysis of the IBGE-BATER risk areas with census data,
showing that more than 8 million Brazilians are living in risk areas, concentrated in 825 municipalities,
47.7% of which are small cities, with up to 100 thousand inhabitants, 29.6% in cities with up to 500
thousand inhabitants and 22.7% in large urban centers. In absolute numbers, the population living in
risk areas goes against the trend: 48% in large cities, 28% in cities with up to 500 thousand inhabitants
and 24% in small cities with up to 100 thousand inhabitants, but the authors consider that, in relative
numbers, residents in small Brazilian cities are more exposed to risk, compared to 8% of inhabitants in
large cities (SAITO et al., 2020).

Accordingto Saito etal. (2019), 67% of householdsinrisk areasin the Northern region, 54% in the Center-
West region, 33% in the Northeastern region, 18% in the Southern region and 16% in the Southeastern
region do not have adequate sanitation. If, on one hand, urban precariousness is not exclusive to AGSN
or large cities, on the other hand, more densely occupied areas, such as the Southeastern region,
concentrate more people exposed to hydrometeorological disasters (CEMADEN, 2017).

Territories’ climate and physical modeling are not enough to assess the population’s vulnerability to
disasters. It is necessary to have information that present the spatial heterogeneity of the population’s
socioeconomic vulnerability (KOKS et al., 2015; HUMMELL et al, 2016).

Several indexes measure and spatialize the inequality of Brazilian municipalities, such as the Social
Vulnerability Index (IPEA, 2015) or the MHDI (UNDP, 2013), all of which are based on census data, income,
education, urban infrastructure services and sanitation, life expectancy, among other socioeconomic
variables. As per Burian & Edwards (2012), Tucci (2008), Maricato (2009) and Kita (2017), sanitation

2 | Subnormal Agglomerates are a form of irregular occupation of public or private land for housing purposes, in urban or
precariously urbanized areas.
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infrastructure and water and sewage networks are essential elements of urban resilience against
hydrometeorological disasters. Therefore this article decided not to use a ready-made index, but to
build a new one, using raw census data on sanitation, income and household inadequacy? to spatialize
these variables within the national territory. The access ranking to health services and basic public
education and, subsequently, population density were added to these data. The result was analyzed
together with the disasters observed and also discussed in relation to future climate scenarios.

2 METHODOLOGY

Alphanumeric data (IBGE, 2010; IDSUS, 2010 and IDEB, 2011) were spatialized by municipality; disaster
data observed between 2005 e 2015* were plotted in the municipality centroid in which they occurred;
future climate scenarios were produced by Chou et al. (2014) and Debortoli et al. (2017), and plotted
by this article’s authors.

The Urban Vulnerability Index (UVI) was prepared based on Burian & Edwards (2012), Tucci (2008),
Maricato (2009) and Kita (2017), and the variables that make up the UVI were inspired by the SVI’
“Urban Infrastructure Dimension” (IPEA, 2015), aimed at characterizing not only the precariousness of
urban infrastructure, but also the social conditions that show socioeconomic inequality in Brazil. Also,
census data in addition to covering the entire national territory, are compatible with the observed
disaster data, which occurred at most 5 years before or after the collection of the 2010 Census.

The following data were considered for the composition of the UVI: IBGE, 2010 (people by permanent
private housing units in the municipality; number of permanent private housing units in the municipality;
average household income in the municipality; permanent private housing units connected to water
and sewage network with garbage collection system in the municipality; number of inadequate or semi-
inadequate private households in the municipality); quality index of health services in the municipality
(IDSUS 2010); quality index of public education in the municipality (IDEB, elaborated in odd years,
2011).

These data have been spatialized and normalized according to the maximums and minimums of the
entire base of 5570 municipalities. The following formula was adopted for the calculation of the UVI:

UVI = household density + water+ sewage + garbage + income + adequacy + IDEB + IDSUS
8

Therefore, in order to compose the analysis with the urban vulnerability index, exposure was calculated
based on population density as follows:

Exp = In,, value (pd) - In _ (minimum pd)
In, (maximum pd) -mw (minimum pd)

Where dp = population divided by area

After exposure calculation, the factor was applied to UVI, creating the Urban Vulnerability Index with
population exposure (UVlexp):

UVlexp = UVI * population density

3 | Inadequate households are the ones with no access to environmental sanitation services and more than two residents per
bedroom; Semi-Inadequate households are the ones that present a deficit in only one of the indicators above.

4 | Within CENAD’s extensive database, there are inconsistencies that can lead to error. This temporal snapshot had these
inconsistencies corrected, such as “flash floods”. In the Southern and Southeastern regions, debris flow disasters like the one
in the mountainous region of Rio de Janeiro, in 2011, were originally classified as flash floods, while in the Northern region
this term is often used for rapid flooding.
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Disaster data observed herein were sourced by CENAD, assessed by Mikosz (2017), and grouped in two
typologies: (i) landslides and (ii) floods.

Extreme climate indexes were used by the IPCC (2014) and include: RX1day - maximum rainfall in one
day; Rx5day - 5-day maximum accumulated rainfall; R95p - accumulated rainfall higher than 95% of very
rainy days; and CWD - maximum consecutive rainy days (any rainfall greater than 1mm). These indexes
were used by Debortoli et. al (2017) in studies assessing present and future vulnerability to natural
disasters (2017)°. Indexes were generated from outputs of the global HadGEM2-ES MIROC5 models
downscaled by the regional Eta model (CHOU et. al., 2014), for the baseline period encompassing
1961-1990 and future RCP 8.5 scenarios for 2010/2040, 2041/2070 and 2017/2099 - which correspond,
approximately, to the average global warming levels of 1.5°C, 2°C and 4°C.

3 RESULTS AND DISCUSSION

Figure 3 shows disasters related to floods on the left, and landslides on the right. Between 2005 and 2015,
10,225 floods or landslides were reported, affecting over 5 million Brazilians and causing 2,609 deaths.

Occurrences of Flood 2005 - 2015 Occurrences of Landslides 2005 - 2015

1.000
C————EKm Source: CENAD, 2018.

Figure 3 | Disaster spatialization
Source: CENAD (2018). Prepared by Perez, 2020, for QNC Brazil UNFCCC.

UVI (left) and UVlexp (right) were elaborated in order to discuss the disasters observed between 2005
and 2015 (Figure 4). The UVI is composed by sanitation data (water and sewage network, garbage
collection), household inadequacy®, income in minimum wages, access to health services and public
education quality. The UVlexp is the UVI multiplied by the demographic density, which represents
population’s exposure.

Knowing the different regional Brazilian realities, it was expected that the UVI would show higher
especially those furthest from the state capitals, and less vulnerability in the Southern and
Southeastern regions.

5 | For a detailed description of each compound indicator: Debortoli et al. (2017) | DOI 10.1007/s11069-016-2705-2.
6 | Vulnerability hotspots to natural disasters: high population concentration areas where natural disasters occur, and which
will continue to suffer the impacts of the climate changes that trigger disasters.
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The most recent data on Brazilian households still show this regional inequality in the country. According to
the National Household Sample Survey (IBGE, 2017), results of access to sanitary sewage and water network
are, respectively: 20% and 59% in the Northern region, 45% and 80% in the Northeastern region, 53% and
87% in the Center-West region, 66% and 88% in the Southern region, 89% and 92% in the Southeastern.
In relation to income (PNAD, 2018), in the Southern and Southeastern regions, the average is around 1
minimum wage; in the Center-West region, it is 0.99 minimum wage, which is at least 40% higher than in
the Northern region (0,65 minimum wage) or the Northeastern region (0,56 minimum wage).

UViexp
UVI- urban vulnerability index vulnerability * exposure

low ‘medium high  very high low medium high  very high

Figure 4 | UVI (left) and UVlexp (right)

Source: IBGE and IDSUS (2010) and IDEB (2011) 2010. Prepared by Perez, 2020, for QNC Brazil UNFCCC.

If compared with SVI (IPEA, 2015) or with MHDI (UNDP, 2013), the UVI (Figure 4, left) would present a very
similar spatial distribution of vulnerability to the IVS or the MHDI. Other authors, such as Debortoli et al.
(2017) and Humell et al. (2016) present socioeconomic vulnerability with the same spatial distribution,
based on income, education, access to employment, skin color, among other variables. Similar regional
results are due to the fact that the Northern and Northeastern regions are poorer, in terms of income,
infrastructure, and access to health services. The Northern region is less densely occupied than the
Center-West region, and mainly, than the Southeastern and Southern regions (HUMMELL et al., 2016).

Municipalities in the Northern and Northeastern regions are more vulnerable in several socioeconomic
and environmental aspects, which affects mainly the response capacity of these populations and
decreases their resilience, but disasters in the proportions of that in the mountainous region of Rio de
Janeiro, in 2011 (MARENGO E ALVES, 2012; GRAEFF et al., 2012), had such an impact precisely because
it occurred in a densely occupied region.

Itis important to highlight that 45% of municipalities with over 250 thousand inhabitants are in the coastal
zone — 13 out of the 27 capital cities border the Atlantic Ocean. 40% of the Brazilian population live in
the Southeastern region. On the other hand, there are fewer inhabitants in the entire Northern region
compared to the Metropolitan region of the state of Sdo Paulo alone (IBGE, 2010), which, despite having a
higher average income than other regions, also presents a high concentration of precarious settlements.

The UVlexp (Figure 4, right) shows the Brazilian urban vulnerability taking into consideration population
density, making it possible to visually observe that even though Brazilian cities present a similar
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regional distribution of the economic, educational and environmental vulnerability in the UVI, with
similar results to those from Hummell (2016) or Debortoli (2017), it is possible to read this vulnerability
associated with the number of people exposed to risk, in the UVlexp. Also, just like Hummell et al
vulnerability risk (2016), UVlexp (Figure 4, on the right) also highlights high vulnerabilities in the capital
cities: in the Northern region, in addition to the capital cities, large urban centers may be mentioned,
such as Santarém - PA, Parintins and Tabatinga - AM or Cruzeiro do Sul - AC; in the Center-West region,
the metropolitan areas; in the Northeastern, state’ capital cities and regional hinterlands, such as
Patos-PB or Petrolina-PE and, the extremely poor municipalities in the interior.

When the UVlexp is spatialized in order to demonstrate the concentration of vulnerability and exposure,
compared to the hydrometeorological disasters observed between 2005-2015, a strong correlation
between vulnerability hotspots’ (Figure 5c¢) and disaster concentration is noted (Figures 5a e 5b).

Figure 5 shows high UVlexp patches and high concentration of disasters are observed in the area
close to the Atlantic Ocean. Tabular data assessment shows 399 municipalities in the Brazilian Coastal
Zone (IBGE, 2010), with 13 out of 27 state capitals with approximately 50 million people (IBGE, 2010).
Although these represent only 10% of the total disaster occurrences during the period assessed, 25%
of the Brazilian population live in those areas where, between 2005 and 2015, 23 deaths and 260,000
people affected (homeless, displaced or injured) by river floods were recorded; and 529 people were
killed and another 580,000 were affected by landslides.

Occurrences of Flood: 2005-2015 Vulnerability Hotspots
UVlexp 2010

- + OCcurrences
- occurrences

. Higher Vulnerability

Lower Vulnerability

a

Occurrences of Landslides: 2005-2015 &

uvi
 E— ) low

- + occurrences . *
‘ 1.000

b - - occurrences

Figure 5 | Occurrence density of (a) surface water floods, floods and flash floods, and (b) landslides and
mudslides; (c) vulnerability hotspots; (d) UVI and (e) UVlexp. Sources: CENAD (2018), IBGE and IDSUS (2010),
IDEB (2011).

Source: Prepared by Perez, 2020, for QNC Brazil UNFCCC.

7|
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In relation to the Southern and Southeastern regions (Figure 5), which concentrate 27 and 80
million inhabitants, respectively, it is possible to observe that exposure is an important factor when
analyzing disaster impacts in the country, especially when large patches of floods and landslides
are concentrated in these two regions. The Southeastern region reported the highest death toll
from landslides (1,724 dead and 192 people missing), and the second highest death toll from floods
(116 dead and 30 people missing). The Southern region reported 177 deaths and 36 people missing
from landslides, and 93 deaths and 10 people missing from floods. In total, the Southeastern and
Southern regions combined accounted for approximately 65% of those affected by landslides and
37% of those affected by floods (Table 1).

Table 1 | Percentage of people affected by hydrometeorological disasters between 2005 and 2015.

Dead/missing Injured Displaced Total affected Dead/missing Injured Displaced Total affected
Region Region
N 0,2% 1,5% 0,5% 0,5% CcO 1,6% 0,7% 0,9% 0,9%
CO 0,6% 0,3% 1,0% 1,0% S 20,4% 3,0% 17,4% 16,2%
S 9,0% 13,1% 26,8% 26,1% SE 28,9% 7,1% 22,4% 21,1%
NE 8,9% 62,4% 31,2% 32,7% NE 20,0% 28,1% 22,1% 22,6%
SE 81,2% 22,7% 40,5% 39,7% N 29,2% 61,1% 37,1% 39,2%

Source: prepared by the authors.

The Northeastern region, highlighted both as a vulnerability hotspot and in the occurrence of disasters
(Figure 5 a, b and c) presents the second largest concentration of people affected by both types of
disasters, with values that are very close to those in the Southeastern, in both cases. There, 76 deaths
and 25 people missing were reported due to floods and 123 deaths and 88 people missing were
reported due to landslides; 525,000 people were left homeless or displaced by landslides and more
than 300,000 due to floods during the period assessed.

The outcomes reported for the Southeastern and Northeastern regions are corroborated by floods and
landslides vulnerability outcomes, presented by Debortoli et al. (2017), which show high vulnerability
to both types of disasters in these two regions, and Saito (2019) who, when presenting the number of
people and households in risk areas, highlights these same three regions, with a greater concentration
of people exposed in the Southeastern and Northeastern regions.

The Northernregion presents the lowest number of people affected by landslides, as shown by Debortoli
etal. (2017), for being a region with little declivity and low vulnerability to this type of disaster. However,
the regions presents the highest number of total people affected by floods, when compared to other
regions, with over 1 million people affected in the snapshot assessed, which is largely explained by
Bartiko et al. (2019), which show the great magnitude of floods in the Amazon, which coincide with the
abrupt floods in the period assessed herein, from 2005 to 2015, and in the highlighted area, of high
IVUexp, which is more visible in Figure 5e in the central region of the Amazon. Finally, the Center-West
region presents fewer people affected in both types of disasters. Nevertheless, numbers are in the tens
of thousands, in addition to 8 deaths from floods, and 14 deaths from landslides.

In relation to Urban Vulnerability and Exposure classes, Graph 1 shows the absolute numbers of people
affected, by type of disaster and by UVlexp class, based on the disaster occurrences.
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Graph 1 | Number of people affected, by UVlexp class.
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Source: Source: prepared by the authors.

The number of people affected increases as vulnerability and exposure increases, as represented by
classes 1 to 4 of the UVlexp, except those affected by floods in Class 1, with less vulnerability and
exposure. When data is assessed on the micro-scale, this result is explained by the large number
of floods in small municipalities, 63% of them with less than 20,000 inhabitants, which confirm the
analyzes by Saito et al. (2020) that the most densely populated areas are not always the most exposed,
and that special attention is needed for small municipalities.

The percentages of people affected by disasters as per CENAD categories: dead and missing; sick and
injured; unsheltered and displaced, are presented herein in Graphs 2 and 3, divided per UVlexp class.

Graphs 2 and 3 | Percentage of people affected, per disaster category and UVlexp class

(3) % Flood x IVUexp (4) % Landslide x IVUexp
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Source: Source: prepared by the authors.

Graph 2 shows that the major concentrations of dead or missing people as a result of floods, are in
UVlexp classes 1 and 4. UVlexp class 1 refers to small municipalities. UVlexp class 4 refers to informal
settlements in larger cities (MARICATO, 2009), and high waterproofing rate in Brazilian cities (RASCH,
2016). Graph 3 presents a clear relationship among urban vulnerability, exposure and percentage of
people affected by disasters.

The largest concentrations of people affected are in the most vulnerable municipalities, with greater
exposure, which are also capital cities and metropolitan regions, according to Hummell et al. (2016).
These results are coherent to those by Saito et al. on areas of risk (2019 2020), except for the Northern
region, mainly due to the low population density. This finding is in line with IPCC projections (2019) in
the Climate Change and Land Special Report, which point at higher occurrence of landslide disasters in

ISSN-e 2179-9067 271 | Sustainability in Debate



\q B

Climate change and disasters: analysis of the
Brazilian regional inequality

cities with “poor planning”, that is, with high concentration of informal settlements, slums and housing
units (MARICATO, 2009).

Finally, it is determined that an index where 4 of 8 variables refer to urban infrastructure shows
adherence to disasters that have been observed, and which are directly related to environmental
sanitation services.

3.1 FUTURE CLIMATE SCENARIOS

When vulnerabilities to floods and landslides are plotted using the Debortoli et al indexes (2017), the high
risk areas (Figure 6 -Baseline in blue and yellow) are the Southeastern and Southern regions, northern
Northeastern region, east Amazon and the mouth of the Amazon river (which is a permanent flooded
area), as well as the eastern coastal zone in the Northeastern region. These regions are similar to those
mapped by Debortoli et. al. (2017), which, in the Baseline, show that the most vulnerable areas to sudden
floods are the Southern and Southeastern regions of Brazil, as well as the east part of the states in the
Northeast. The Amazon has some areas that are most at risk for flooding, but the municipalities in this
area have low population density and exposure is not high. These regions are qualitatively similar to the
areas affected by these hydrometeorological hazards as indicated by CEPED (2013).

Regarding landslides (Figure 6, yellow), the most vulnerable locations in the Baseline, according to
Debortoli et al (2017) and the CEPED Atlas (2013) coincide with municipalities that are usually linked to
areas affected by extreme rainfall, like: the metropolitan regions of Sdo Paulo and Santos, Sdo Paulo’s
northern coast, the borders between S3o Paulo and Rio de Janeiro (Cunha, Sdo José do Barreiro and
Angra dos Reis); the region of Serra da Mantiqueira, Southern and Southeastern regions of Minas
Gerais, the mountainous region of Rio de Janeiro and the region near Serra do Capardo. When records
of floods are associated with climate indicators of extreme current rain, they suggest an increase in
the vulnerability of urban areas in the Southern, Southeastern and parts of the Northeastern regions,
particularly in the Atlantic Forest, the most populated biome.

Climate scenarios: Flood | ETA-MIROCS

. Higher Vulnerability

Lower Vulnerability

Climate scenarios: Landslide | ETA-MIROC5S

Baseline

-l
. Higher Vulnerability

Lower Vulnerability

Figure 6 | Climate extremes compound indexes.

Source: Debortoli et al. (2017). Prepared by Perez, 2020, for QCN Brazil UNFCCC.
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Projections for various warming levels (Figure 6, in blue) show that, due to the increase in intense rainfall
in the Southeastern and Southern regions, projected by models, in the future the risk of floods may
increase in these regions, as well as in the coastal zone in the states of the Northeast and some areas
in the Amazon. The risk of increased disaster occurrences is greater when global warming exceeds 2°C.

In the semiarid region, the risk of Hydrometeorological disasters is lower due to projections that show
a decrease in total and intense rainfall, with warming above 22C. In the RCP 4.5 scenario, the central
region of Brazil (the Pantanal) and the semiarid region in the Northeast have shown a reduction in
vulnerability. On the other hand, the Southern and Southeastern regions, as well as the eastern coastal
zone in the Northeast, have shown a significant increase in the risk of hydrometeorological hazards.

The same association for landslides (Figure 6, in yellow) shows that, mostly for SWL 22 and 49 scenarios,
and for RCP 4.5, extreme rainfall that cause landslides are expected to further increase in the Souther
and Southeastern regions, and in some coastal areas in the Northeast. This increases the risk of
landslides in the states of Santa Catarina, Rio Grande do Sul, eastern Parand, the northeastern coast
of S3o Paulo and the region of Serra da Mantiqueira, particularly the region close to the border with
the state of Minas Gerais. These places have been characterized as likely spots for recurrent landslide
disasters at present, and show strong evidence of intensification in the future. On the other hand,
vulnerability index drops in the country’s central region due to a declining trend in extreme rainfall,
particularly in the Center-West states and in the semiarid region in the Northeast.

According to the present index analysis, some areas have been stricken by disasters; thus, vulnerability
in those areas may become more frequent and intense in the future due to strong evidence that
extreme rainfall events will increase. Our results and those by Debortoli et. al. (2017) support the
AR5 (IPCC, 2014) results, that extreme rainfall events causing disasters are expected to increase in
the Southern and Southeastern regions of Brazil, mainly in the Coastal Zone, where a large number of
capital cities is located, with much of the country’s population.

It must be noted that, in the coastal zone, disaster risks may be aggravated by events associate with sea
level rise, such as storm tides, phenomena that may be likewise influenced by climate change, mainly
in the area comprising mouth of the Amazon river to the Maranhdo coast, along the entire south
and southeast coast and in the northeastern capitals, as per Almeida et. al. (2016), who, when also
measuring municipalities response and adaptation capacities to this impact, shows that the Northern
and Northeastern regions concentrate the least prepared municipalities.

4 FINAL CONSIDERATIONS

The high concentration of observed disasters and the vulnerability and exposure hotspots in the
Northeastern region are a concern because of the poor regional urban infrastructure and projections
for increased extreme rainfall that cause floods. Even with better urban infrastructure, the high
population density and the large number of precarious settlements in the Southern and Southeastern
regions, coupled with the same forecast of increased extreme rainfall in the future, also trigger a
warning for an increase in hydrometeorological disasters. The Center-West region, despite presenting
lower occurrences, shows numbers in the tens of thousands. In the Northern region, UVlexp failed
and showed no spatial correlation with floods that affected one million people in the 10 years of data
assessed, mostly because of low exposure.

Among the Brazilian Government’s proposals to reduce the risk of disasters, the creation of CEMADEN,
liaison between CPRM and IBGE for the mapping and classification of risk areas, and the proposed civil
defense chain have been performed. However, the key to reduce the risk of disasters in the country
also lies in urban development (NOGUEIRA et al., 2014).
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The main instrument for regulating, managing, planning and improving Brazilian urban conditions is
the City Statute (LF 10.257/2001), which provides for planning. The Ministry of Cities (now extinct) was
responsible for integrating urban policies among the 3 levels of Government (2003 - 2019), in addition
to supporting land regularization, housing provision, sanitation and mobility, intergovernmental
integration, which is extremely important for small municipalities that depend on technical support
from the Government (PEREZ et al., 2017).

Discontinuity of programs such as Risk Reduction and Eradication within the Urbanization, Regularization
and Integration of Precarious Settlements Program (or simply Urbanization of Favelas), which provided
for the allocation of federal resources for urbanization works and disaster risk reduction, creation
permeable green areas, or the Papel Passado program, which provided technical training to implement
land regularization, weakens urban adaptation to climate change. The use of instruments of the Reurb
Law (Federal Law No. 13,465/2017), which allow for adapting housing to the necessary legislation to
ensure the social and environmental security of families at risk, is also weakened without the Ministry
of Cities. The Master Plan is urban policy’s main municipal instrument, and it is pivotal for adaptation to
climate change, however, besides the fact that 75% of Brazilian cities being exempt from the obligation
to elaborate it, many cities have legislation that has been approved without spatial planning (ALMEIDA
et al, 2017).

Housing provision for AGSN families in risk to be relocated, marked in recent years by the Minha
Casa Minha Vida (My House, My Life) program, not only is now estinguished but, when in operation,
amplified the periphery of low-income communities (ROLNIK, 2015).

Lastly, the new Brazilian Basic Sanitation Law (Federal Law No. 14,026/2020) provides for the
management of water and sewage services, without considering climate change or the increase of
rainfall extremes that cause hydrometeorological disasters. Therefore, it does not specify rules for
the resizing of rainwater management systems, or the use of green or blue infrastructure in order to
increase urban resilience and mitigate emissions.

Inter-institutional and inter-level liaisons are an essential condition for reduction of disaster risks.
The lack of an urban policy that reaches precarious settlements, universal environmental sanitation
and sustainable implementation of green and blue infrastructures means that the role of monitoring
entities of risk and civil defense will continue to fail in prevention.
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