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Cadastro do Risco à inundação: uma análise aplicada ao distrito de Ernesto Alves, 

Município de Santiago, RS 
 

RESUMO 

Objetivo - O presente artigo tem como objetivo elaborar o cadastro do risco à inundação no Distrito de Ernesto Alves, 

localizado no município de Santiago, Rio Grande do Sul, a partir da integração de variáveis físicas, ambientais e sociais, 

visando subsidiar ações de planejamento urbano e gestão de riscos. 

Metodologia - A pesquisa possui abordagem quali-quantitativa, baseada em levantamento de dados primários e 

secundários, análise de registros históricos de eventos de inundação, trabalhos de campo e aplicação de 

geotecnologias. Foram elaborados mapas de suscetibilidade, perigo, vulnerabilidade e risco por meio de Sistema de 

Informações Geográficas (SIG). 

Originalidade/relevância - O estudo contribui para o preenchimento de lacunas relacionadas ao mapeamento de 

risco à inundação em áreas urbanizadas de distritos de cidades pequenas, frequentemente carentes de instrumentos 

técnicos sistematizados para a gestão de riscos. 

Resultados - Os resultados indicaram diferentes classes de risco à inundação, com uma edificação classificada como 

de risco muito alto, quatro como risco alto, trinta e nove como risco médio e dezenove como risco baixo.  

Contribuições teóricas/metodológicas - O artigo reforça a aplicabilidade do conceito integrado de risco à inundação 

e demonstra a eficiência do uso de SIG como ferramenta metodológica para a espacialização e análise do risco.  

Contribuições sociais e ambientais - O cadastro de risco elaborado pode subsidiar políticas públicas de ordenamento 

territorial, prevenção de desastres e mitigação de impactos socioambientais associados às inundações.  

 

PALAVRAS-CHAVE: Inundações. Cadastro de risco. Vulnerabilidade.  

 

Flood Risk Assessment: An Analysis Applied to the District of Ernesto Alves, 

Municipality of Santiago, RS 
ABSTRACT  

Objective – This paper aims to develop a flood risk inventory for the Ernesto Alves District, located in the municipality 

of Santiago, Rio Grande do Sul, by integrating physical, environmental, and social variables to support urban planning 

and risk management actions. 

Methodology – The research adopts a qualitative-quantitative approach, based on the collection of primary and 

secondary data, analysis of historical records of flood events, fieldwork, and the application of geotechnologies. 

Susceptibility, hazard, vulnerability, and risk maps were produced using a Geographic Information System (GIS). 

Originality/Relevance – The study helps fill gaps in flood risk mapping in urban districts of small cities, which often 

lack systematic technical risk management tools. 

Results – Briefly outline the main results achieved. 

Theoretical/Methodological Contributions – The paper reinforces the applicability of the integrated flood risk 

concept and demonstrates the efficiency of GIS as a methodological tool for spatializing and analyzing risk. 

Social and Environmental Contributions – The risk inventory developed can support public policies related to land-

use planning, disaster prevention, and the mitigation of socio-environmental impacts associated with flooding. 

 

KEYWORDS: Urban floods. Risk inventory. Vulnerability.  

 

 

Evaluación del riesgo de inundaciones: Un análisis aplicado al distrito de Ernesto 

Alves, municipio de Santiago, RS 
RESUMEN  

Objetivo - El presente artículo tiene como objetivo elaborar el inventario del riesgo de inundación en el Distrito de 

Ernesto Alves, ubicado en el municipio de Santiago, Rio Grande do Sul, a partir de la integración de variables físicas, 

ambientales y sociales, con el fin de apoyar acciones de planificación urbana y gestión de riesgos. 

Metodología – La investigación adopta un enfoque cualitativo-cuantitativo, basado en la recopilación de datos 

primarios y secundarios, el análisis de registros históricos de eventos de inundación, trabajos de campo y la aplicación 
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de geotecnologías. Se elaboraron mapas de susceptibilidad, peligro, vulnerabilidad y riesgo mediante un Sistema de 

Información Geográfica (SIG). 

Originalidad/Relevancia – El estudio contribuye a cubrir vacíos relacionados con el mapeo del riesgo de inundación 

en distritos urbanos de pequeñas ciudades, que con frecuencia carecen de instrumentos técnicos sistematizados para 

la gestión de riesgos. 

Resultados – Los resultados indicaron diferentes clases de riesgo de inundación, con una edificación clasificada como 

de riesgo muy alto, cuatro como riesgo alto, treinta y nueve como riesgo medio y diecinueve como riesgo bajo.  

Contribuciones Teóricas/Metodológicas - El artículo refuerza la aplicabilidad del concepto integrado de riesgo de 

inundación y demuestra la eficiencia del uso de los SIG como herramienta metodológica para la espacialización y el 

análisis del riesgo. 

Contribuciones Sociales y Ambientales – El inventario de riesgo elaborado puede servir de base para políticas 

públicas de ordenamiento territorial, prevención de desastres y mitigación de los impactos socioambientales 

asociados a las inundaciones. 

 

PALABRAS CLAVE: Inundaciones urbanas. Inventario de riesgo. Vulnerabilidad.  
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1 INTRODUCTION 

 

Urban flooding is one of the main socio-environmental problems faced by 

contemporary cities, especially in countries marked by intense urbanization processes 

associated with socio-spatial inequality. Although floods are natural phenomena linked to the 

hydrological dynamics of river systems, their occurrence in urbanized areas assumes the 

character of a disaster due to the exposure of populations, infrastructures and economic 

activities to extreme events (Veyret, 2005; Alcántara-Ayala, 2002). 

In Brazil, urban expansion occurred in a disorderly manner in most cities, dissociated 

from territorial planning, resulting in the occupation in areas naturally susceptible to flooding, 

such as alluvial plains and the banks of watercourses. This pattern of urban growth intensifies 

the impacts of hydrological events, as it promotes soil impermeabilization, the suppression of 

riparian vegetation, and the alteration of natural runoff regimes (Tucci, 2003; Santos, 2012). 

Urbanization directly interferes with the hydrological cycle by reducing infiltration and 

increasing surface runoff, increasing both the frequency and magnitude of flooding. According 

to Tucci and Bertoni (2003), the increase in impermeable areas and the rectification of natural 

channels accelerate the flow of rainwater, reducing the concentration time and increasing flood 

peaks. These changes, combined with inadequate urban drainage infrastructure, make urban 

environments particularly vulnerable to flooding.  

Global climate change aggravates this scenario by intensifying the occurrence of 

extreme hydrometeorological events, such as intense rainfall in short periods. International 

reports indicate that increased climate variability tends to heighten the risks associated with 

natural disasters, especially in urban areas with high social vulnerability (UN, 2004; UN, 2015). 

In this context, understanding and managing flood risks is fundamental to promoting urban 

safety and resilience. 

The notion of risk adopted in this study comprises the interaction among natural 

hazards, the susceptibility of the physical environment, and the social and structural 

vulnerability of exposed populations. According to Wisner et al. (2003), disasters cannot be 

understood solely as natural events but as socially constructed processes in which 

socioeconomic conditions play a central role in defining impacts. Thus, areas occupied by low -

income populations tend to be more vulnerable, increasing the damage from floods. 

In Brazil’s urban context, the occupation of risk areas is often associated with 

processes of social exclusion and the absence of effective public housing and territorial planning 

policies (Maricato, 2001; Jacobi, 2004). The permanence of these populations in suscept ible 

areas underscores the need for technical tools to support preventive actions and risk mitigation 

strategies. 

Despite recurrent flooding in small and medium-sized cities, a large share of studies 

and risk management investments is concentrated in large urban centers. Smaller 

municipalities, in turn, often lack systematized diagnoses and risk mapping that guide urban 

planning and civil defense performance (Wollmann, 2014). This gap contributes to the 

maintenance of inadequate patterns of land occupation and to the increase of socio-

environmental vulnerability. 
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The Ernesto Alves District, located in the municipality of Santiago, in the state of Rio 

Grande do Sul, is part of this context. The District’s urban area has a recurrent history of flooding 

associated with the overflow of the Jaguarizinho River, with records of events that resulted in 

material damage and direct impacts on the local population. The repetition of these episodes 

highlights the need for studies aimed at identifying susceptible areas and characterizing the risk 

of flooding to support territorial planning and urban management. 

In view of this scenario, this paper aims to present the flood risk register prepared for 

the District of Ernesto Alves, integrating physical, environmental, and social variables, by using 

geotechnologies and multicriteria analysis. The risk registry is a fundamental tool for identifying 

the most vulnerable areas, enabling the adoption of preventive measures, the orientation of 

land use and occupation, and strengthening disaster risk reduction strategies, in line with the 

guidelines established by international and national risk management organizations (UN, 2015; 

PAHO, 2014). 

 

2 THEORETICAL FOUNDATION 

 

Floods are natural phenomena inherent to the dynamics of river systems. They play a 

fundamental role in maintaining aquatic ecosystems and floodplains. However, when associated 

with urban occupation, these occurrences represent significant risks to the population and the 

built infrastructures, assuming the character of a disaster (Tucci, 2003; Amaral and Ribeiro, 

2009). 

The urbanization process promotes profound changes in natural systems by replacing 

permeable areas with impermeable surfaces, such as pavements and buildings. This 

transformation reduces the infiltration capacity of the soil and increases the volume and ve locity 

of surface runoff, increasing the frequency and intensity of urban flooding (Tucci, 2005). In 

addition, interventions such as channeling and rectification of watercourses alter the river 

dynamics, reducing the capacity to dampen floods.  

According to Kobiyama et al. (2006), the combination of disorderly urban growth, 

deficient drainage infrastructure, and occupation of riverside areas is one of the main factors 

responsible for the intensification of flooding events in urban areas. Goerl and Kobiyama (2013) 

point out that these processes are aggravated by the absence of integrated planning, especially 

in small municipalities. 

The occupation of floodplains is often associated with processes of socio-spatial 

segregation; lower-income populations end up residing in areas more susceptible to extreme 

hydrological events. This relationship highlights the socio-environmental character of urban 

flooding, reinforcing the need for approaches that integrate physical and social aspects in the 

analysis of the phenomenon (Santos, 2012). 

The analysis of flood risk is based on the integrated understanding of different 

concepts, widely discussed in the literature on natural disasters. The concept of susceptibility 

refers to the natural characteristics of the physical environment that favor the occurrence of a 

certain phenomenon, such as topography, slope, proximity to watercourses, and 

geomorphological characteristics (Thouret and D'Ercole, 1996). 



 

ISSN 2318-8472, v. 14, n. 92, 2026 

 

e2556 
 

6 

hazard is related to the probability of an adverse event occurring in a given location, 

considering its frequency and intensity. On the other hand, vulnerability is the degree of 

susceptibility of populations, buildings, and infrastructures to the impacts of the event, 

incorporating socioeconomic, constructive, and institutional aspects (Castro, 1998; Cutter, 

2011). 

Risk results from the interaction between hazard, susceptibility, and vulnerability, as 

presented in Figure 1. It is understood as the possibility of damage associated with adverse 

events (Wisner et al., 2003). This integrated approach allows for a more comprehensive analysis 

of disasters, recognizing that the impacts do not result exclusively from the magnitude of the 

natural event, but from preexisting social and territorial conditions (Busso, 2001; Ribeiro, 1995).  

 The delimitation of risk areas is crucial to detecting environmental vulnerabilities, 

serving as a guide for urban planning. This approach enables the adoption of strategies that 

minimize losses and prevent accidents, ensuring safer infrastructures and greater resilience for 

the population (Macêdo et al., 2019). 

 

      

 

 

 

 

 

 

 

 

 

Source: Adapted from Lenhard, 2022. 

 

Socio-environmental vulnerability is one of the main factors that explain the different 

impacts of floods on urban populations. According to Aquino et al. (2017), vulnerability results 

from the combination of social, economic, and environmental weaknesses, and is intensified in 

contexts marked by housing precariousness and the absence of effective public policies. 

Studies indicate that risk management should prioritize preventive and integrated 

actions, involving urban planning, environmental education, and institutional strengthening 

(Ayala-Carcedo, 2000; Bertone and Marinho, 2013). Thus, the flood risk registry is a strategic 

tool for identifying the most vulnerable areas and for guiding public policies aimed at disaster 

reduction. 

 

 

Figure 1 – Definition of the risk 
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3 METHODOLOGY 

 

The research is characterized as a study of applied nature, with a qualitative and 

quantitative approach, aimed at analyzing the risk of flooding in urban areas. From the point of 

view of the objectives, this is an exploratory and descriptive research, since it seeks to 

understand the dynamics of floods in the District of  Ernesto Alves and to spatially describe the 

susceptible and vulnerable areas, supporting territorial planning and management actions 

(Marconi e Lakatos, 2010). 

The methodological procedure adopted integrates physical, environmental, and social 

data in a Geographic Information System (GIS) environment. This approach is widely used in risk 

analysis studies, as it allows the spatialization of distinct variables and the integrated evaluation 

of factors that influence the occurrence and impacts of adverse events (Monteiro and Kobiyama, 

2013; Marcelino, 2008). 

 

3.1 Field of study 

 

The study was developed in the Ernesto Alves District, located in the municipality of 

Santiago, the central-west region of the state of Rio Grande do Sul. The urban area of the District 

is located in the hydrographic basin of the Jaguarizinho River (Figure 2) , a tributary of the Jaguari 

River, with a recurrent history of flooding associated with events of intense precipitation and 

the overflow of the main watercourse. In terms of population, the District has 1,211 inhabitants , 

of whom approximately 50 live in the village of Ernesto Alves. 
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Source: Authors, 2025. 

 

 

3.2 Methodological procedures 

 

The methodological procedures were structured in successive stages, as proposed by 

studies aimed at the analysis and registration of natural risks in urban areas (Robaina et al., 2010; 

Sebben et al., 2010). The stages included: data collection and organization, definition of analysis 

criteria, preparation of thematic maps, integration of variables, and classification of flood risk. 

Initially, a survey of secondary data, including cartographic, hydrological, and socio-

environmental information, obtained from official agencies and institutional databases, was 

carried out. These data were organized and processed in a GIS environment, enabling the 

standardization of scales and spatial reference systems. 

Then, the criteria used in the analysis of susceptibility and vulnerability to flooding 

were defined. The selection of variables considered both the characteristics of the physical 

environment and the socioeconomic and constructive aspects, according to the 

recommendations of the specialized literature (Marcelino, 2008; Monteiro and Kobiyama, 

2013). 

 

3.3 Flood susceptibility analysis 

 

Figure 2 - Location of Ernesto Alves in the Jaguarizinho River Basin 
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In order to characterize the study areas in detail and to assess the flood risk, the 

methodology employed a sequence of procedures that involve the aerial photogrammetric 

survey by Unmanned Aerial Vehicle (UAV), the elaboration of the Digital Terrain Model (DTM), 

and the calculation of the Return Period (RP) of the hydrological events. 

The aerial photogrammetric survey was conducted using a DJI Mavic Air 2 UAV model, 

equipped with a GPS receiver, ensuring the capture of high-precision georeferenced data. The 

flight planning was carried out using the Dronelink software, where the height of 150 meters, 

the longitudinal and lateral overlap of 85%, the flight itinerary, and the estimated time of 60 

minutes were parameterized. This setting made it possible to acquire approximately 400 images, 

essential for the accurate three-dimensional reconstruction of the terrain. The survey also 

included the use of demarcated control points in the area and was tracked with a dual-frequency 

GNSS receiver of the RUIDE R90 brand, with the data post-processed in the Brazilian Continuous 

Monitoring Network (IBGE, 2024).  

From the images collected, the Digital Terrain Model (DTM) was elaborated. This process 

involved digital photogrammetry operations using Agisoft PhotoScan software, which enables 

the reconstruction of high-resolution three-dimensional models. Initially, a point cloud with 

planialtimetric coordinates was generated, which was later interpolated to create the Digital 

Surface Model (DSM) and, finally, the DTM, providing an accurate topographic basis for 

subsequent analyses. 

In addition, the Return Period (RP) was calculated, a crucial statistical tool to estimate 

the frequency of extreme hydrological events. To this end, linimetric data from the Jaguarizinho 

River, available on the Hidroweb platform of the National Water and Basic Sanitation Agency 

(ANA), covering the period from 1958 to 2024 (67 years), together with the maximum monthly 

rainfall values recorded in the same time interval, were used. The methodology was based on 

the study by Menegon (2018), which applies Gumbel's distribution law. The results made it 

possible to prepare the susceptibility map and to classify the degrees of hazard (High, Medium, 

and Low) associated with different RTs and elevations, providing fundamental subsidies for 

delimitating areas susceptible to flooding. 

 

3.4 Vulnerability analysis 

 

The vulnerability analysis considered social, economic, and structural aspects of the 

district's urban areas, recognizing that the impacts of floods do not depend solely on the physical 

characteristics of the environment but also on the conditions of the exposed populations 

(Wisner et al., 2003; Cutter, 2011). 

Feitosa and Monteiro (2012) propose an advanced, multidimensional conception of 

vulnerability, viewing it not as a static condition but as a dynamic process. This perspective 

results from the interaction among socioeconomic, environmental, and political variables, which 

continuously manifest and transform. Vulnerability, therefore, requires an analysis that 

contemplates its various interconnected facets, influenced by income disparities, access to 

education, ecosystem degradation, and deficiencies in governance and planning. This expanded 

understanding not only engages with diverse fields of knowledge but also fosters the 
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development of innovative methodologies, such as simulation models and spatial analysis in 

Geographic Information Systems (GIS).  

Among the vulnerability variables analyzed, the construction standard of the buildings, 

the number of floors, the finishing material, and the surrounding conditions stand out. This 

information was obtained through secondary data and field observations, making it possible to 

identify areas with greater fragility to flood events. Table 1 shows the assessment of 

vulnerability risks.  
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Variable Rationale 

Building use 

The function attributed to construction 
interferes with the dynamics of occupation 

and with the permanence of individuals. 
Leisure use may imply the absence of residents 
at critical moments; mixed and commercial 
use generate variable flows of people; 

residential use implies greater continuous 
exposure to risk. 

Typology of residents 

The predominant age group interferes with 
autonomy and the ability to respond in 
emergencies. Children and the elderly have 

less autonomy, which makes evacuation 
difficult and increases social vulnerability. 

Number of floors 

The height of the building can serve as an 
alternative form of protection in cases of 

flooding. Buildings with more floors offer 
vertical shelter, reducing direct exposure to 
water. Single-story residences are more 
exposed. 

Finishing material 

The type of material determines the building's 

resistance to water. Masonry has greater 
resistance to moisture and water flow. Wood 
and mixed structures, especially those that are 
poorly maintained, are more susceptible to 

damage. 

Condition of the 

building 

The state of conservation reflects the 
structural stability and the property's 
protection capacity. 

Properties in good condition offer greater 
protection. Precarious workers are at 
increased risk of collapse and exacerbate the 
effects of flooding. 

Conditions of the 

Surroundings 

It refers to the state of conservation and 
cleanliness of the space around the residence 
and the public road, especially considering the 

presence or absence of garbage, debris, or 
materials that may obstruct drainage and 
aggravate the risk of flooding. 

Source: Adapted from Pessoto, 2020 

Each variable analyzed was assigned a score reflecting its relevance to the assessment 

of social vulnerability, taking into account the specific characteristics of the population. This 

means that the most significant variables for the local situation received higher scores and 

weights, allowing a more accurate analysis of social vulnerability in the region studied. It should 

be noted that the weights are attributed based on local characteristics and theoretical 

references, so these variables may not represent other locations. Table 2 presents the weights 

and grades assigned to the variables analyzed in the field. 

Table 1 - Variables selected for the vulnerability assessment 
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Variable Classification Note 

Use of the Building 

Residential 

Mixed  

Leisure 

2 

1 

0 

Typology of Residents 

Children 

Elderly  

Adults  

2 

1 

0 

Number of floors 

Ground floor 

Two 

>2 

2 

1 

0 

Finishing material 
Mixed Wood  

Masonry 

2 

1 

0 

Conservation Status 

Bad 

Average  

Good 

2 

1 

0 

Conditions of the 

Surroundings 

Very dirty 

Dirty 

Clean 

2 

1 

0 

Source: Adapted from Pessoto, 2020. 

After data collection, all collected information was entered into the QGIS application, 

where the Vulnerability Index was calculated by combining variables using assigned grades and 

weights (Table 3). Based on this index, each building was classified according to three 

vulnerability categories.  

 

 

Weight of Vulnerability 
 

Vulnerability Category 
 

0 to 2 High Vulnerability 

3 to 5 Medium Vulnerability 

6 to 9 Low Vulnerability 

Source: Author, 2025. 

 

The flood risk map was prepared by integrating the hazard and vulnerability maps, with 

four risk categories: low, medium, high, and very high (Table 4). 

  

Table 2 - Weights and grades for mapping social vulnerability 
 

Table 3 - Degrees of vulnerability according to notes 
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 Low Vulnerability Medium Vulnerability High Vulnerability 

Low hazard R-1  R-1  R-2  

Medium 

hazard 
R-2  R-2  R-3  

High hazard R-3  R-3  R-4 

 

Source: Author, 2025. 

 

There are specific characteristics for each risk category that differentiate it from the 

others. These characteristics may include the intensity of the hazard, the level of social 

vulnerability, and the interaction between these elements, as Table 1 shows. 

 

RISK CATEGORY DEFINITION 

R-4 – Very High Risk 
Defined for situations in which the houses present High Vulnerability 

and are subject to High hazard. 

R-3 – High Risk 
Medium hazard and High Vulnerability housing are defined as this risk 
level. High Risk is also defined for homes with High hazard in situations 

of Low and Medium Vulnerability. 

R-2 – Medium Risk 

Defined for homes with Low hazard, where flooding processes cause 
damage to streets, but the Vulnerability is High. Medium Risk is also 
defined for homes with Medium hazard, where flooding processes 

cause relatively more significant damage, affecting streets and houses. 
In this condition, the Vulnerability is Low or Medium. 

R-1 – Low Risk 

Defined as houses in Low hazard, flooding situations in which the street 

is affected without damage to the houses. Vulnerability set to Low and 
in some cases, may be Medium. 

 

Source: Author, 2024. 
 

The map obtained was configured in a flood risk register, which gathers spatial and 

descriptive information for each building in the analyzed area. This document is a tool to support 

urban planning and risk management, supporting preventive actions, guiding the use and 

occupation of the land, and the performance of public agencies, such as civil defense, in dealing 

with flood events (IPT, 2007; PAHO, 2014). 

 

4 RESULTS AND DISCUSSION 

Table 4 – Obtaining the degrees of risk considering the hazard and vulnerability 

 

Table 1 - Characteristics of the risk category 
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4.1 Flood susceptibility analysis 

The results of the flood susceptibility analysis (Figure 3) show a concentration of the 

most susceptible areas in the lower portions of the Ernesto Alves District, especially in the main 

course of the Jaguarizinho River. This spatial setting confirms the strong influence of 

geomorphological and altimetric characteristics on the dynamics of urban flooding, as pointed 

out by Souza Robaina et al. (2010) and Fujimoto, Dias, and Bombardelli (2010). 

The areas classified as highly susceptible correspond predominantly to flat-relief 

sectors with low elevations and reduced natural drainage capacity. This pattern favors the 

accumulation of water during intense precipitation events, increasing the probability of 

overflows and prolonged flooding, as discussed by Tucci (2003; 2005).  

 

 

 

Source: Author, 2025. 

 The urban perimeter of Ernesto Alves, delimited via drone-based aerial 

photogrammetric survey for this study, totals 462,333.04 m². Of this extension, 248,489.52 m² 

are classified as areas with flooding susceptibility, representing 53.75% of the urban area 

analyzed. In these areas, 63 buildings are predominantly intended for residential and leisure use. 

Although the Jaguarizinho River is the primary vector of flood events, the tributary watercourses 

are recognized as a factor that contributes to enhancing the volume of water directed to the 

main river through intensified surface runoff, aggravating the risk of flooding in the region. 

 

4.2 Hazard Assessment 

 

 

Figure 3 – Map of susceptibility to flooding in Ernesto Alves  
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Based on analyses of return period and the spatial distribution of buildings, three hazard 

classes were delimited for the District of Ernesto Alves (Figure 4). The Low Hazard category, at 

elevations between 131-134 m, covers residences located in more remote areas, exposed only 

to extreme events or not yet recorded. The Medium Hazard, with elevations between 129 and 

131 m, corresponds to the houses affected by more recent flooding episodes, such as those in 

2015 and 2024. Finally, the High Hazard class, with elevations between 119 and 129 m, 

corresponds to buildings located at critical points that suffer recurrent flooding and, 

consequently, accumulate significant losses over time.  

 

 

Source: Author, 2025. 

 

The areas classified as Low hazard concentrate 28 residences (44.44%), where, despite 

the absence of overflows in certain stretches, factors such as unfavorable relief and deficiency 

in the drainage system contribute to occasional flooding and erosive processes. The Medium 

hazard covers 32 residences (50.79%), mainly on Guilherme Muller and Rosário streets, areas 

already affected by previous flooding events, indicating a high level of population exposure. High 

hazard corresponds to 3 buildings (4.77%) located near the Jaguarizinho River, characterizing 

critical areas with recurrent structural damage and impacts on daily dynamics, requiring priority 

interventions. 

 

4.3 Vulnerability analysis  

 

Figure 4 – Hazard map 
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The highest flood hazard areas largely coincide with urban sectors characterized by 

greater social and constructive fragility. Most buildings located in these areas have simple 

construction patterns, less access to urban infrastructure, and higher occupancy density, factors 

that amplify the potential impacts of flood events (Figure 5). 

 

Source: Author, 2025. 

 

High Vulnerability comprises 9 households (14.28%), located mainly on Guilherme 

Muller and Rosário streets, and are characterized by precarious infrastructure, which 

exacerbates flood damage. The Medium Vulnerability class encompasses 18 households 

(28.57%) distributed across Guilherme Muller, Rosário, and Alesio Vieiro streets, which present 

better construction and urban infrastructure standards, conferring them greater resilience 

capacity. Low Vulnerability corresponds to 36 households (57.14%), comprising dwellings with 

higher construction standards and better infrastructure indicators, located in less exposed areas, 

factors that significantly reduce the damage associated with flood events.  

Studies conducted in other municipalities in Rio Grande do Sul point to similar 

patterns, in which urban riverside areas concentrate socially vulnerable populations, thereby 

amplifying the adverse effects of floods (Righi and Robaina, 2012; Saueressig and Robaina, 

2015). Thus, the results obtained reinforce the importance of integrating social indicators into 

risk analyses, overcoming exclusively physical approaches. 

 

4.4 Integration and risk registration 

Figure 5 – Vulnerability map  
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The integration of the Hazard and Vulnerability maps made it possible to identify the 

areas of greatest flooding risk in the District of Ernesto Alves. It allowed households to be 

classified into four levels — low, medium, high, and very high — based on the buildings’ physical 

characteristics, exposure to hydrological events, and conditions of urban infrastructure, such as 

the presence or absence of drainage, sanitation, and paving. 

   The households classified as high risk are mainly concentrated along the banks of the 

Jaguarizinho River and in urbanized sectors in low-altitude areas, where human occupation is 

consolidated (Figure 6).      

 

 

 

Source: Author, 2025. 

 

The survey identified different levels of flood risk among the households analyzed, with 

a predominance of Medium Risk, which covers 61.90% of the residences, located in areas 

already affected by previous events and with moderate to high vulnerability. The  areas classified 

as Low Risk account for 30.16% of households, located in sectors farther from the river and less 

susceptible to flooding, although they can still be affected in extreme events. 

The High and Very High Risk levels represent 6.35% and 1.59% of the residences, 

respectively, and include the most critical situations, especially in the vicinity of the Jaguarizinho 

River, where the frequency of flooding is higher, the infrastructure is precarious, and the 

constructional fragility is greater. The case classified as Very High Risk stands out: a single 

residence in an area of recurrent flooding that has sustained significant damage to the building's 

structure and the surrounding infrastructure. 

Figure 6 – Map of Flood Risk Registration in Ernesto Alves 
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The house has a mixed construction typology, with a lower floor in uncoated basalt 

stone masonry and an upper floor in wood, distributed over two floors, frequently affected by 

floods. The proximity to the river reduces response time to rising water levels, increasing 

exposure to impacts. Thus, the combination of geographic location and construction typology is 

a determinant of the building's high vulnerability, showing that more resistant materials are not 

enough to mitigate damage in areas of high exposure to flooding. 

 

5 CONCLUSION 

 

The analysis of flooding susceptibility showed that the most critical areas are 

associated with flat relief, low elevations, and proximity to the Jaguarizinho River, conditions 

that favor water accumulation during intense precipitation events. These findings confirm the 

relevance of geomorphological and hydrological constraints in the occurrence of urban flooding, 

as widely discussed in the specialized literature (Tucci, 2003; Kobiyama et al., 2006; Souza 

Robaina et al., 2010). 

By integrating the dimensions of hazard and Vulnerability, it was possible to show that 

the highest levels of risk are concentrated in areas where physical susceptibility coincides with 

social and constructive weaknesses. This result reinforces the understanding of risk as a socially 

produced phenomenon, resulting from the interaction between natural hazard and social 

vulnerability, as defended by Wisner et al. (2003), Cutter (2011), and Veyret (2005). Thus, even 

in a small district, recurrent patterns are observed in Brazilian cities, in which more vulnerable 

populations tend to occupy more environmentally fragile areas. 

From a methodological perspective, the study demonstrated the effectiveness of 

integrating geoprocessing techniques for flood risk mapping at the urban scale. The approach 

adopted proved compatible with methodologies used in other municipalities in Rio Grande do 

Sul, enabling regional comparisons and replicability of the method in similar contexts (Eckhardt, 

2008; Freitas, 2017; Knierin, 2022). Thus, the study contributes to advancing applied studies on 

risk management in small and medium-sized cities, which are often less considered in academic 

research. 

In the field of urban planning and public management, the registration of risk areas 

can guide land use and occupation policies, support the performance of civil defense, and 

contribute to the preparation of contingency plans and preventive actions, as recommended by 

national and international disaster reduction guidelines (Brasil/IPT, 2007; PAHO, 2014; UN, 

2015). 

Finally, the research has limitations related to the availability and level of detail of the 

data used, especially regarding social variables and historical hydrological series. As future 

referrals, it is recommended to incorporate more detailed hydrological and hydraulic modeling, 

to analyze climate change scenarios, and to strengthen participatory approaches that involve 

the local population in the risk management process. Such advances can improve prevention 

strategies and help build safer, more resilient cities in the face of natural disasters. 

The results obtained show that the risk of flooding in the District of Ernesto Alves does 

not arise exclusively from the natural characteristics of the physical environment, but, above all, 

from the way in which the urbanization process has historically been established in naturally 
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susceptible areas. This scenario aligns with studies conducted in other Brazilian municipalities, 

such as Assú, where disorderly urban growth led to the consolidation of areas subject to 

flooding, aggravated by the absence of territorial planning compatible with the environmental 

reality. In this context, the outdated Master Plan and the lack of specific zoning for risk areas 

reinforce the need to review urban planning tools, incorporating the mapping of susceptible 

areas and the elaboration of a Risk Management Plan (Frutuoso et al., 2020). Measures of this 

nature are essential to guide the occupation of the territory, reduce the population's 

vulnerability, and minimize the impacts of extreme hydrological events, thereby promoting 

greater safety for people, property, and the environment. 
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