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Abstract 

The knowledge about the urban population exposed to disaster risk is 

essential for planning prevention and response actions. The aim of this 

study was to analyze the exposure conditions of the population groups at 

disaster risk areas in 479 Brazilian municipalities. The methodological 

procedure was based on the association of census data and landslides, flash 

floods, and floods risk areas. The database was made up of socio-

demographic and environmental data, which allowed the characterization 
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of the residents and the houses at-risk areas. The results showed that the 

largest number of people exposed was in the Southeast region of the country, 

although, in proportional terms, in the Northeast region 15 out of every 100 

people lived in risk areas. These data could allow the selection of areas for 

priority actions, in order to help the implementation of regional public 

policies that promote the reduction of human losses in Brazil. 

Keywords: at-risk population, census data, disaster exposure. 

 

Introduction 

 

 Over the past decade, progress has been made in Brazil in order to 

identify disaster vulnerability in the context of environmental change 

(DEBORTOLI et al.; 2015), for the development of disaster risk indicators 

(ALMEIDA et al.; 2016) and social vulnerability to natural hazards for the 

entire country (HUMMELL et al.; 2016). Other initiatives have been 

dedicated to regional evaluation (MENEZES et al.; 2018; RONCANCIO; 

NARDOCCI, 2016), either to development of new methodologies or 

application of the existing ones (ALVES 2006; DESCHAMPS, 2006; 

ALMEIDA, 2010; GOERL et 2012, ASSIS DIAS et al.; 2017). All mentioned 

studies applied census tract from the demographic census, conducted by the 

Instituto Brasileiro de Geografia e Estatística (IBGE, in Portuguese) every 10 

years.  The more detailed analysis on an intra-urban scale restricts to the 

limits of these sectors, without the possibility of resizing them, due to the risk 

of over or underestimating the data. 

 In order to address this limitation, some studies on vulnerability have 

developed detailed data collection through interviews. Such method becomes 

restrictive for analysis at national scale, especially related to the high cost 

required for producing more detailed data. Therefore, demographic census 

data end up being the only data to support vulnerability assessment. On the 

other hand, the IBGE demographic census database originates from more 

detailed information, denominated as block face, which is a smaller unit of 
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the census tract. This data is not available for the general public, in order to 

preserve the confidentiality of informants. However, this data has the 

potential to characterize the population and households exposed to disaster 

risk. Thus, the goal of this study was to analyze the conditions of population 

groups exposed in disaster risk areas in 479 critical municipalities, 

distributed in different regions of Brazil, based on data obtained with the 

method proposed by IBGE and Centro Nacional de Monitoramento e Alertas 

de Desastres Naturais – Cemaden, in Portuguese (IBGE; CEMADEN, 2018). 

Additionally, a detailed analysis was provided to present the characteristics 

of the population groups as well as their households, in order to contribute to 

a better understanding of the disaster risk in the country. 

 Although the high dynamics occupation is notorious in disaster risk 

areas in Brazil, and the data used in this study is from the 2010 year, the 

contribution of the present paper is to explore the potential of the database 

for characterization of exposed population groups in disaster risk areas. As 

an unprecedented database, it is noted that the results presented may show 

hitherto unknown realities. 

 In practical terms, the standardization of the procedure on a national 

scale is one of the great advantages of this type of methodology. Thus, this 

analysis could support monitoring and early warning issue, as developed by 

the Cemaden, a research unit of the Ministério de Ciência, Tecnologia, 

Inovações e Comunicações.  In 2012, within the scope of the National Plan for 

Risk Management and Response to Disasters, 821 priority municipalities 

were selected to be monitored by this Center, as they have a history of mass 

movement-related disasters (landslides, debris flow, river undermining 

margins, fallen lands, falling or blocks of rock and erosive processes) and / or 

due to hydrological processes (floods, flash floods, urban floods). It is 

noteworthy that some municipalities that were not considered as a priority in 

2012 also began to be monitored by Cemaden, since geologic or hydrologic risk 

maps were available (IBGE; CEMADEN, 2018). The specialists in Hydrology, 
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Disaster, Meteorology and Geodynamics are responsible for the monitoring of 

the meteorological systems and hydrological and geodynamic conditions, as 

well as possible socio-environmental impacts caused by disasters 

(CEMADEN, 2019). 

 

Disaster risks related to landslides, flash floods, and floods in the Brazilian 

urban context 

 

The (re)occurrence of socio-economic impacts caused by hydro-

meteorological disasters highlights the need for the inclusion of this theme in 

the Brazilian public policy agendas. Disaster prevention requires joint action, 

especially related to civil protection, housing, infrastructure, education, and 

health. Although efforts in this direction have been noted, especially in the 

last decade since the launch of the National Plan for Risk Management and 

Response to Disasters (COSTA; PIMENTEL, 2017), unfortunately, they have 

not been enough for effective disaster reduction in the country. 

Geological and hydrological processes are part of the natural dynamics 

of the Earth's surface, however, the combination with the intensification of 

urban occupation in susceptible areas, such as floodplains and steep slopes, 

results in systems vulnerable to landslides and floods. If the social system is 

prepared to face these processes, social, economic, and environmental impacts 

will not be recorded. On the other hand, unprepared social systems would be 

unable to cope with their effects, even low magnitude processes. 

These two scenarios are associated with concepts relevant to the 

present discussion. Hazards are natural or human-induced processes with 

the potential of affecting a particular social system, causing loss of life, 

socioeconomic impacts or environmental degradation (UNISDR, 2017). 

According to the Brazilian Classification and Code of Disaster (BRAZIL, 

2017), disasters are related to two categories: i) natural, which is subdivided 

into geological, hydrological, meteorological, climatological, and biological, 
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and all their respective subgroups; ii) technological, which may be related to 

radioactive substances, hazardous materials, urban fires, civil works, 

passenger transport, and non-hazardous cargo. 

The social system is a portrait of conditions determined by physical, 

social, economic, or environmental factors that increase the susceptibility of 

an individual, community, or system to be affected by hazards, which 

characterizes the concept of vulnerability (UNISDR, 2017). Thus, disaster 

risk is determined probabilistically as a function of hazard, exposure, 

vulnerability and capacity; it is related to the potential loss of life, injury, or 

destruction or damaged of assets which could occur to a system, society, or a 

community in a specific period (UNISDR, 2017). 

The number of vulnerable people has increased in Brazil, due to the 

lack of land use planning and occupation (MARICATO; OGURA; COMARU, 

2010). It can be also attributed to other factors, such as the structure of the 

housing market and the historical absence of the State in the implementation 

of housing policies in the country, restricting access to safe places for housing 

(CARDOSO, 2006). The growing tendency of people exposed to disaster risk 

areas is a reality to live with, related to an increasingly urban country and 

the impossibility of solving the housing problem in the short term. Although 

it is not possible to forecast all hazards, the consequences are predictable and 

can be minimized by reducing vulnerability (GONÇALVES, 2012). 

For mitigating the damages caused by disasters, it is essential to 

promote the best knowledge about hazards and vulnerabilities, since only 

through the identification of exposed individuals and communities it is 

possible to define structural and non-structural measures. Moreover, it is 

possible to understand the different degrees of impact on social systems 

produced by the same hazard. In this sense, risk exposure (e.g. from the built 

environment), socioeconomic and demographic information can support 

knowledge of population characteristics that influence their readiness to 

respond and recover from disasters (CUTTER, 2011). 
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Studies on population vulnerability to disasters have been progressing 

gradually in Brazil, especially in the last ten years. From a theoretical point 

of view, many of them have highlighted the need to understand the 

vulnerability resulting from processes of inequality (CARMO, 2014), as a 

multidimensional concept (MARANDOLA; D'ANTONA, 2014), its 

relationship with development (AVILA; MATTEDI, 2017), and with the root 

causes and dynamic pressures (MARCHEZINI; WISNER, 2017). The 

application to various contexts of disasters has also been addressed, such as 

school vulnerability (MARCHEZINI, TRAJBER; MUÑOZ, 2018), in early 

warning systems (SAITO, 2018), and health (LONDE et al, 2018). 

In public management, on the other hand, progress is still slow. Two 

actions should be highlighted within the scope of the federal government's 

National Plan for Risk Management and Response to Disasters (2012-2015). 

First, the mapping of landslide and flood risk areas conducted by the Serviço 

Geológico do Brasil, from 2011 to 2014, which allowed the estimation of 

exposed houses and residents of 821 Brazilian municipalities (CPRM, 2019). 

Such mapping was used for monitoring and alerting purposes, for prevention 

and response actions, and for the definition of containment works (SAMPAIO 

et al, 2013). The second action is the project 'Data and Analysis of Natural 

Disaster Vulnerability for Risk Mapping and Disaster Prevention 

Intervention Proposal' under the responsibility of the Secretaria Nacional de 

Proteção e Defesa Civil. The purpose of this project was to conduct a 

vulnerability survey among 275 Brazilian municipalities affected by disasters 

(SCHADECK et al, 2015). However, the lack of adherence among the 

methodologies applied in the survey did not allow the application of the 

results for prevention actions. 
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Material and Methods   

 

This study presents an analysis of 479 municipalities distributed in 

different regions of Brazil, which are part of the 821 municipalities critical 

for national risk management and response to natural disasters (Figure 1). 

 

Figure 1. Distribution of the municipalities evaluated per Brazilian region 

 

 

The procedures adopted in this study consisted of the compatibility of 

the demographic census databases with landslides, flash floods, and flood risk 

maps to characterize the population groups exposed in risk areas of Brazil, 

detailed in IBGE and Cemaden (2018) and Assis Dias et al. (2018). 

The 2010 census data was one of the databases used. In Brazil, since 

1890, the census has been held every ten years, except in 1910 and 1930, 

when they were suspended for political reasons; and in 1990, when it was 
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postponed to 1991 (IBGE, 2016). Decadal frequency is recommended by the 

United Nations Department of Economic and Social Affairs to allow 

comparison of information for describing the present and predicting the 

future (UN, 2015). Although in the context of disaster risk theme, data 

collection should be more regular; the high cost of the census is a limiting 

factor for its execution (UN, 2006). For demographic analysis, the ten-year 

interval is acceptable to represent the portrait of the reality of a given area. 

The association between the two databases cannot be done directly and 

automatically since they have different characteristics and applications. 

Therefore, there was no spatial correspondence between them. For this 

reason, the methodological challenge was to conciliate data from completely 

different geometries. For the association of census data with disaster risk 

areas, it was necessary to create a new territorial generalization aiming to 

make the two geometries compatible, which was named in Portuguese as 

BATER-Territorial Basis of Statistical Areas of Risk. The data generated 

through the BATERs represented an estimation, that is, it did not represent 

residents living in risk areas quantitatively. 

The graphic delimitation of BATER was performed by visual 

interpretation to assess the spatial context of risk areas and census 

boundaries. For the spatial context of the risk areas, the density and 

construction patterns of the households in those areas were considered. For 

delimitation, eight assumptions were considered according to IBGE and 

Cemaden (2018): 

a) The BATER results from the smallest possible area, from the 

intersection of the hazardous area and the census features. 

b) Each census feature and each hazardous area belongs to only one 

BATER. 
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c) Risk areas in subnormal agglomerates were generalized, considering 

the similarities of occupation patterns and topographical features. 

d) The BATER was also generalized in case the block face had similar 

construction patterns and density.  

e) The BATER covered two or more hazardous areas, in cases of 

similarity of density pattern and construction. 

f) For BATER associated with the hydrological risk were considered 

block faces on both sides of the street because it is very likely that both roads 

are affected by a flood. 

g) For BATER associated with the landslide risk, the features of 

topography, shape, direction, and degree of slope were considered for BATER 

limits. 

(h) The risk levels were not considered because the maps were 

produced by different institutions and based on distinct methodologies. 

 

In the universe of more than 600 variables provided by the census, 

IBGE and Cemaden (2018) selected 183 variables to characterize the 

residents, such as age, gender, and literacy, among others; and 135 to 

characterize households, that is, access to basic services such as electricity, 

sanitation, water supply, and garbage collection (Table 1). The variables were 

also used to describe the municipalities, allowing comparative analysis 

between the situation of population groups residing in risk areas and the 

situation of the total population living in the municipality. 
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Table 1. Selected variables for characterization of households and population exposed to 

landslides, floods and flash floods risks in Brazil. 

Resident variables group Housing unit variables group 

Number of residents and housing units  

Residents by group of age Number of housing units without 

occupation 

Residents by gender Number of housing units by way of 

water supply 

Residents by literacy  Number of housing units by the type of 

sewage disposal 

Residents by income Number of housing units by the type of 

garbage disposal 

Residents by head of housing unit, by 

gender, literacy and income 
Number of housing units by the 

existence of electric energy meter 

Residents by housing unit occupation 

condition: water supply 
Number of housing units by per capita 

household earning, by responsible and 

sex 

Residents by housing unit occupation 

condition: sewage disposal  
Number of housing units by number of 

residents  

Residents by housing unit occupation 

condition: garbage disposal 
Number of housing unit by type of 

housing unit 

Residents by housing unit occupation 

condition: electric energy meter  
Number of housing units by housing 

unit occupation condition 

Source: Authors’ elaboration with data from IBGE and Cemaden (2018) 

 

As highlighted in Assis Dias et al. (2018) and IBGE and Cemaden 

(2018), the BATER produced using data by block faces contained the most 

detailed data at the census level. It meant that the level of disaggregation of 

data was closest to the size and distribution of risk areas in the territory. This 

represents an information gain because, until this moment, the census data 

used for association with risk areas originated solely from information 

aggregated by municipality or census tract. 
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Results and discussions 

 

Table 2 presents general information about the Brazilian 

municipalities divided by the major regions and the 479 municipalities which 

are the focus of the present work. 

 

Table 2. General information about the Brazilian municipalities and municipalities 

evaluated. 

 Demographic data of Brazil Data of 479 analyzed municipalities 

Region 

Total number 

of 

municipalities* 

Total of 

habitants* 
Demographic 

density* 

Number of 

priority 

municipalities 

Number of 

priority 

municipalities 

analyzed 

Habitants of 

the analyzed 

municipalities* 

Northeast 1.794 53.081.950 34.15 277 174 18.663.593 

Southeast 1.668 80.364.410 86.92 292 156 35.702.009 

South 1.188 27.386.891 48.58 142 100 8.429.702 

North 449 15.864.454 4.12 81 37 5.777.132 

Central-

West 
466 14.058.094 8.75 29 12 1.427.203 

BRAZIL 5.565 190.755.799 22.43 821 479 69.999.639 

*Demographic census, 2010.  

Source: IBGE (2010), IBGE and Cemaden (2018) 

 

 Among the total number of municipalities analyzed, 29,535 landslides 

and flood risk areas were mapped. From the spatial distribution of risk areas 

and census data, 4,683 BATER polygons were created (Table 3). Most of the 

associated data came from block faces (85% of BATER polygons), while the 

remaining 15% came from census tracts. 



SAITO et al. Urban population exposed to risks 

12 

 

Soc. Nat. | Uberlândia, MG | v.31 | e46320 | 2019 | ISSN 1982-4513 

Table 3. Number of BATER areas and polygons created by region. 

Regions of 

Brazil 
Number of risk 

areas 
Territorial extension (km2) 

of risk areas 
Number of BATER 

polygons 

Southeast 16.024  803 2.597 

Northeast 5.532 520  1.071 

South  6.789  749 764 

North  1.149  268 223 

Central-West 41 4  28 

TOTAL 29.535 2.344  4.683 

Source: IBGE e Cemaden (2018) 

 

Figure 2 shows the estimated number of residents and households 

exposed to risk areas by region. 

 

Figure 2. Estimated residents and households exposed in 479 municipalities by region.

 

Org. authors, 2019.  
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The Southeast region concentrated the largest number of mapped risk 

areas in the country, as well as BATER polygons created. In contrast, the risk 

areas in the region were small (0.05 km2 on average) and located close to each 

other. 

In the Northeast, it was estimated that over 2.7 million people were 

exposed to risk, although this region contained less than 65% of the risk areas 

compared to the Southeast. The risk areas in the Northeast had a larger 

territorial extension (0.09 km2 on average), suggesting that there is a higher 

concentration of people in the risk areas of this region. 

The Northern region contained the largest territorial extension of risk 

areas (average 0.23 km2), as most of these are in municipalities located in 

large Amazon basins and, therefore, are associated with floods. 

It is estimated that 10% of the resident population was exposed to the 

risk of landslides and/or floods, totaling 7,104,066 people in 2,131,160 

households in the 479 municipalities evaluated in this study. The exposed 

population was concentrated on the eastern coast of Brazil. In the meso-

regions (Metropolitan Area of Salvador, São Paulo, Belo Horizonte, Recife, 

Rio de Janeiro, Fortaleza, Central Espírito Santo, Zona da Mata Mineira, 

Vale do Itajai, Leste de Alagoas, and Leste Potiguar), there were more than 

76% of the exposed population estimated in the municipalities analyzed. 

Regarding the demographic characteristics of the municipalities, there 

was no significant difference in gender distribution, that is, approximately 

52% of the exposed population were women and 48% men, of which 56% were 

responsible for the household. However, from the 10% responsible for non-

literacy, most of them were women (54%). Wamsler et al. (2012) highlighted 

the crucial role of women's level of education as a determinant of the risk 

situation to which they are exposed.  Women with higher levels of education 

may have higher income and better ability to adapt to risk. In addition, the 

response capacity and protection of social groups are affected by their income 

level, as emphasized by Torres (2000) and Marandola and Hogan (2005). 
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Neumayer and Plümper (2007), assessing the impact of disasters on life 

expectancy of men and women, pointed out that the greatest impact occurs in 

women, especially in women with low-income. 

From the results obtained about the exposed residents, about 43% of 

them lived in households without income or with per capita income of up to 

half the minimum wage (the value being R$ 510.00 in July 2010, 

approximately US$ 280). Among the regions of Brazil, people living with per 

capita income of up to half the minimum wage was around 62% and 55% in 

the North and Northeast, respectively. In the South and Southeast, the 

percentages of people with income up to half the minimum wage were 21% 

and 36%, respectively. On the other hand, in all municipalities analyzed only 

1.6% of the residents lived in households with per capita income above 5 

minimum wages, which is considered the stratum of the population with the 

best economic situation. 

Among the age groups, children and the elderly were the most 

vulnerable to disasters, because they need special care due to their greater 

dependence on autonomous mobility and lower ability to resist possible 

injuries (WISNER et al.; 2003). Considering the different ways of coping with 

each age group, Liu et al. (2002) argue that in contrast to most adults, 

children would not be able to react adequately to the materialization of risk. 

Similarly, older people tend to have greater difficulty in autonomous mobility 

and require help. In addition, these age groups tend to stay longer in their 

homes, and thus, may be more at risk. The age group of children most 

vulnerable was considered to be under 5 years of age, since until 2013, the 

compulsory entry to early childhood education was 6 years of age, according 

to Law 12796, 2013 (BRAZIL, 2013). The elderlies are those individuals over 

the age of 60, in accordance with the provisions of the Statute of the Elderly 

(BRAZIL, 2003). In the risk areas of the municipalities analyzed, it was 

estimated that 17% of the exposed population belonged to the most vulnerable 

age group, composed of children (9%) and the elderly (8%). 
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Different responses are expected from men and women, children, the 

elderly, and adults. The knowledge of these population groups can help, for 

instance, in the preparation of disaster contingency plans (MAZURANA et 

al.; 2013). Classification by age group could support the definition of priority 

areas for civil defense action during disasters. For example, by quantifying 

the number of people exposed by gender and age may help define evacuation 

actions. Locations with the highest concentration of children and the elderly 

deserve special attention and greater readiness to evacuate them. The 

estimative percentages of the exposed population between the ages of 6 to 14 

years and 15 to 59 years were 16% and 66.4%, respectively. 

From a total of 7,104,066 residents exposed in the 479 municipalities, 

most of them (75%) lived in their own households (90%). Regarding the 

situation of the households, 24% of the households had inadequate sanitary 

sewers, that is, they did not have sewage collection or septic tanks. In context 

of landslide risks, attention to households with other forms of exhaustion 

other than through the collection network or septic tanks is imminent, 

because they reveal the precariousness of household conditions. In addition, 

it can help better understand human interventions that trigger landslides 

and increase population exposure. The relationship between inadequate 

sanitary sewers and the presence of rudimentary sumps in landslide risk 

areas has been approached by several authors as one of the anthropogenic 

conditions that trigger the occurrence of disasters (ALHEIROS, 2003; 

CARVALHO et al.; 2007; ARMESTO, 2012; MIRANDOLA; MACEDO, 2014). 

The situation is more precarious in the Northern regions, where 67% 

of households in risk areas had inadequate sanitation, followed by Central-

West with 54% and Northeast with 33%. The percentages for the South and 

Southeast regions were 18% and 16%, respectively. 

The Synopsis of the Demographic Census (IBGE, 2010) points out that 

in Brazil, on average, 17% of households had no water supply by the general 

network. In the risk areas of the municipalities analyzed, the water supply 
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generally had good coverage, with only 6% of households not being supplied 

by the general network. In the Northern region, 28% of households had no 

supply from the general network and about 11% of households of this region 

had no garbage collection. 

 

Characterization of exposed population groups per Brazilian region 

 

 From the total resident population in Northern Brazil, it was estimated 

that 4% of the people lived at risk, totaling 222,306 people in 59,748 

households distributed in 37 municipalities evaluated. The capitals of the 

northern states considered for this analysis were: Belém, PA; Boa Vista, RR; 

Manaus, AM; Porto Velho, RO; and Rio Branco, AC. From the total of BATER 

created, 51% of the generated polygons were associated with risk areas in 

these capitals, where it was estimated that 107,796 people were exposed in 

27,861 households, distributed across the 861 risk areas mapped. It means 

that 48.5% of the estimated population at risk in the northern region lived in 

these capitals. 

 Also noteworthy is the concentration of 71% of the exposed population 

in the Southeast region living in 38 municipalities of the metropolitan regions 

of São Paulo, Rio de Janeiro, and Belo Horizonte, totaling 2,583,705 people. 

The distribution in the most vulnerable age groups was balanced, with 9.6% 

children and 8.6% elderly. Regarding household conditions, 16% had 

inadequate sanitary sewers and 6% had no meter. 

 In the South region, it was estimated that 501,130 people and 173,878 

households were exposed to risk, distributed in 6,789 mapped risk areas. The 

concentration of children and the elderly was around 9%. More than half of 

the exposed population in the Southern region (282,893 residents) was 

concentrated in 55 municipalities distributed in Vale do Itajaí (24), Grande 

Florianópolis (12), Regiões Metropolitana de Curitiba (11) and Porto Alegre 

(8). 
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 In the state of Santa Catarina, the Vale do Itajaí stood out, where 83% 

(5,650) of the risk areas mapped in the South region were estimated to have 

153,616 exposed residents. The characterization indicates that 14% of the 

population living in 24 critical municipalities of Vale do Itajaí lived in risk 

areas. This region also stands out for its high susceptibility to disasters and 

the recurrence of landslides and floods, including the major ones. These 

events impact several municipalities located in the Itajaí and Itapocu river 

basins, which have often caused extensive damage and loss (JACOBI, 

MOMM-SCHULT; BOHN, 2013). 

 The Central-West region has 41 risk areas mapped in 12 critical 

municipalities, characterized by small polygons related to flood risk, 

landslides, and erosion processes, which are not associated with major events. 

 From the results obtained for this region, it was found that 5,893 

people and 1,992 households were exposed to risk. Noteworthy were the 

municipalities of Corumbá and Campo Grande, both in the state of Mato 

Grosso do Sul, with 44% of the population exposed. 

 In the risk areas of the Central-West, there were more people living in 

households with up to half the minimum wage (36.5%) compared to all 

municipalities (23%). Approximately 52% of households in risk areas had 

inadequate sanitary sewers, much higher than the other areas in the 479 

municipalities analyzed, which is 17% of households in this condition. 

 One of the significant characteristics observed from the northern 

region results was the presence of children in majority (13%), followed by the 

elderly (6%). In the other regions, the distribution was balanced, around 9% 

in each age group. This scenario may be related to the higher number of 

children per family and the lower life expectancy in the localities of this 

region. Another relevant point is the large number of exposed residents living 

in households with per capita income of up to half the minimum wage, 

totaling 138,211 people (62%). Considering the total population of the 37 

municipalities evaluated, this percentage was 57%. Thus, when compared 
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with the situation of the municipalities, it can be indicated that the 

population exposed to risk areas lived in worse economic conditions. 

 Households in risk areas in the Northern region presented the worst 

conditions for access to basic services; about 60% with inadequate sanitation, 

while in all municipalities this figure was 44%. It was estimated that 15,061 

households (25%) had no main water supply and 21% had no energy meters, 

suggesting an irregular connection in these areas. These characteristics 

indicate the precariousness of households in the region and the high exposure 

of the population in disaster risk areas. The risk areas of the region are 

mainly flooded in the Amazon basins and the lack of sanitary exhaustion 

increases the possibility of contact with solid waste and the negative impact 

on people's health. In addition, irregular power supply and other forms of 

water supply are more likely to suffer from seasonality and the impact of 

adverse events as energy and access to water can be disrupted. 

  The Northeast region stood out for concentrating approximately 15% 

of the population of the analyzed municipalities exposed in risk areas, with a 

total of 2,726,747 people. In the context of metropolitan regions, it was 

estimated that more than 1.2 million and 631,000 people were exposed in 

Salvador and Recife Metropolitan Region, respectively. These totals refer to 

only 4 of the 13 municipalities of the Salvador RM and 11 of the 15 

municipalities of the Recife RM. 

 Regarding household conditions, 33% of them had inadequate sanitary 

sewers. This percentage was higher than the average found in households at 

risk in the 479 municipalities analyzed, which indicated that approximately 

24% of exposed households did not have adequate sanitation. 

 Another aspect that deserves attention concerns the economic 

conditions of the exposed population groups in the Northeast since 55% of the 

exposed residents lived in households with per capita income of up to half the 

minimum wage. This percentage was higher than that found for the 479 
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municipalities evaluated, that is, 43% of the population lived in this economic 

condition. 

 It is noteworthy that these two indicators point to the most critical 

situations of disaster exposure in the Northeast region. It was estimated that 

854,012 residents, that is 21% of the exposed population in the Northeast, 

lived in these critical conditions, with inadequate sanitation and per capita 

household income up to half the minimum wage. Furthermore, the 32 

municipalities analyzed were located in the metropolitan regions of Recife, 

Fortaleza, Salvador and Leste Alagoano, and had 63% of the population in 

this condition. 

 The Southeast region had the largest number of people at risk in 

Brazil, with an estimated 3,647,990 people living in 16,024 risk areas mapped 

across 156 critical municipalities. In this region, the main highlight was the 

economic conditions of population groups living in risk areas, where 36% of 

exposed population  lived in households with per capita income up to half the 

minimum wage; by observing all the municipalities analyzed, it was found 

that 20% of the population lived in this condition, showing that in the risk 

areas of the Southeast had the largest proportion of the poorest stratum of 

the population. 

 

Conclusion 

 

The results from the evaluation of 479 municipalities, related to the 

data in intra-urban scale, allowed to realize the social and economic 

conditions of the population groups exposed in disaster risk areas in Brazil. 

The data showed two critical and specific situations of the exposed residents: 

the worst economic situation of the families and the higher concentration of 

households with inadequate sanitary sewer compared to the situation of the 

municipalities. Among the municipalities analyzed, 27% of the residents lived 

in households with per capita income of up to half the minimum wage. 
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However, when evaluating residents exposed to risk areas  specifically, this 

percentage reached 43%. The results of analysis of the sewage variable also 

revealed a similar situation, that is, while 17% of households in the 479 

municipalities had inadequate sanitation, this figure reached 24% of 

households in risk areas. 

The analysis by Brazilian regions showed specific exposure scenarios. 

If, on the one hand, the Southeast region concentrated the largest number of 

people exposed, on the other hand, in the Northeast region, for every 100 

residents in the region, 15 lived exposed to the risk of landslides or floods. In 

the Southeast, it was found that the 38 municipalities assessed in the 

metropolitan regions of São Paulo, Rio de Janeiro, and Belo Horizonte 

concentrated 71% of the exposed population of the region. In the southern 

region, it was found that more than 50% of the population at risk also lived 

in the large subregions, such as the Vale do Itajaí, Grande Florianópolis, and 

the metropolitan regions of Curitiba and Porto Alegre. 

The method developed by IBGE and Cemaden (2018) shows the 

potential of using the demographic census data for disaster prevention 

purposes. Several applications can be performed at other stages of disaster 

risk management, to help reduce human losses. The possibility of replicating 

the methodology based on new demographic censuses, allowing temporal 

monitoring of the data, is another advantage of the method. These aspects 

reinforce the need for a continuous survey of censuses, to enable the 

implementation of public policies on disaster risk reduction in the country. 

The results could support the identification of areas that require 

priority actions in the social and economic sectors, relevant to assist in the 

implementation of regional public policies that promote the reduction of 

human losses in the country. In addition, the results also showed that it is 

necessary to articulate with other public policies related, for example, to 

housing, sanitation, and education, in order to reduce the risk of disasters in 

Brazil. 
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