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ABSTRACT

Natural disasters are surprising events that cause immeasurable losses, and it is a topic that has
been discussed worldwide. Heavy and/or prolonged rainfall can cause disasters, catastrophes of
gigantic proportions. In Brazil, the Southeast, South and Northeast regions suffer from this
problem more recurrently. Inserted in this context, Niteroi, one of the most important cities in the
State of Rio de Janeiro, presents, especially in the summer months, disasters associated with
intense and/or prolonged rains, such as flooding, flooding and mass movements. This paper
presents an overview of these disasters and their evolution in recent years, with the purpose of
contributing to a better understanding of the risks that are associated with these disasters and the
impacts on the urban site of the Municipality of Niterdi. From the panorama presented, the city
remains vulnerable to the event of heavy rain, since the associated disasters occur frequently in
the same affected locations, which points to a possible lack of risk mitigation in most places that
present this recurrent behavior.
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INTRODUCTION

This text addresses the rapid and unbridled growth of some Brazilian cities, resulting in
poor urban planning, especially in drainage infrastructure. The lack of maturity in environmental
and urban debates leads to serious consequences, especially for the population in vulnerable
areas. The C40 Group points out that metropolises consume a large part of global energy and
emit significant CO2.

Urban sprawl generates heat islands due to the replacement of vegetation with pavement,
influencing the local and global climate. These changes affect the dispersion of pollutants,
intensity of storms, and the health of inhabitants, especially the most vulnerable. Drainage
problems are also highlighted, with urbanizations altering the natural dynamics of hydrological
flows, increasing flooding, and impacting low-lying coastal zones, where a significant portion of

the world's population resides.
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The text justifies the need to study the conditions faced by the city of Niterdi in the face
of heavy rain events, to present an overview of the affected areas, especially in relation to
landslides and flooding. The specific objectives include analyzing the local rainfall dynamics,
evolution of the perception of susceptible areas and evaluation of the municipal administration's

view of these events.

GENERAL RISK CONSIDERATIONS

The text addresses the theme of environmental risks, starting with several definitions of
risk by different authors. Miranda Neto (2002) conceptualizes risk as the possibility of an illness
occurring that can be harmful to human health, the environment, physical structures, patrimony
or the economy. Dagnino and Carpi Junior (2007) define it as the probability of an event
materializing, while Veyret and Richemond (2007) condition the existence of risk to the
presence of a population that may suffer its negative effects.

The author Tckeskiss (2010) highlights the evolution of awareness about environmental
risks throughout history, moving from metaphysical explanations to a scientific approach. Castro
(2000) highlights the increased attention to environmental risks from the 1980s onwards, with
the transition from nuclear safety concerns to environmental issues.

Lourenco and Amaro (2018) propose a globalizing and systemic approach to understand
different types of risks, from their natural, anthropogenic origin to their social consequences.
Costa (2011) points out that environmental risk is a process related to the modern way of life, not
only linked to catastrophic events, but also to processes over time.

The text emphasizes the importance of prior planning and careful execution of
interventions in the urban environment, correlating current phenomena with those that may arise
after changes. Ulrik Beck underscores the future nature of the risks, based on the anticipation of
destruction that has not yet occurred.

Lourenco and Amaro (2018) highlight the importance of environmental education and
technical-scientific knowledge in reducing risk. They classify environmental risks as natural,
anthropogenic or mixed. Bernardes and Nehme (2012) warn of socio-environmental risks, which
affect both the physical and social environment.

The text also addresses the integrated view of natural and technological systems and
anthropic actions in the concept of environmental risk proposed by Egler (1996). Veyret and
Richemond (2007) relate natural hazards to physical events beyond human control, while
Fernandes & Rocha (2007) define technological hazards as related to various technologies.
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Social risks are associated with the insecurity of populations in relation to the
malfunctioning of social structures, such as social exclusion, unemployment and violence. Beck
(2010) points out that environmental problems are, in fact, social problems, related to history,
living conditions and the relationship of human beings with the world.

COBRADE in Brazil classifies disasters into natural and technological, with specific
subcategories. The text highlights the conceptual confusion between risk, danger, and
catastrophe in dictionaries, clarifying that risk relates to the probability of threats materializing,
while danger refers to potential threats.

The concept of vulnerability is discussed, associated with both risk and danger,
representing the fragility of a community in the face of processes or phenomena. Authors such as
Hogan et al. (2001) and Fankhauser and McDermott (2014) highlight the social dimension of
vulnerability, related to the ability of more affected populations to protect themselves from risks.

The text differentiates between disaster, catastrophe and calamity, highlighting that
disaster refers to unintentional events that cause damage, while catastrophe is related to the
magnitude of that damage. Calamity occurs when damage compromises the functioning of the
social organization. Resilience is presented as the ability of a system to adapt to changes
resulting from a crisis and improve its ability to respond to future catastrophes.

Finally, the text discusses stability as the ability of a social organization to return to a
state of equilibrium after a temporary disturbance. The risk area is defined as one that can be
affected by natural or induced phenomena that cause adverse effects.

HYDROLOGICAL RISKS

The text addresses hydrological risks, highlighting natural and anthropogenic factors that
contribute to events such as flash floods, floods, and flooding. According to Freitas and Ximenes
(2012), natural factors include the volume of rainfall over a watershed, time, and relief and soil
characteristics. Amaral and Ribeiro (2012) add that sandy soils facilitate absorption, while
clayey soils hinder it, influencing surface runoff. Human action, such as urbanization and soil
sealing, increases surface runoff, causing flooding, and is also impacted by actions such as
rectifications, channeling and inadequate disposal of debris.

Allard (2000) suggests that occupying risk areas can be economically rewarding, despite
the damage. Amaral and Ribeiro (2002) highlight the importance of respecting preservation areas
around rivers to avoid flooding. Regarding control, Tucci (1997) proposes structural (extensive

and intensive) and non-structural measures. Structural projects involve large-investment works to
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reduce risks, such as dikes and reservoirs. The non-structural ones seek to avoid losses at lower
costs, including regulation of urban occupation, restriction of construction in risk areas, purchase
of flood areas, population transfer, contracting of insurance, forecasting systems and evacuation
plans. Intensive, unconventional measures, such as Low Impact Development, aim to reproduce

natural runoff, requiring proper maintenance.

CONCEPTS RELATING TO MASS MOVEMENTS

The text addresses concepts related to mass movements, highlighting their importance
due to the economic and social impacts and their influence on the evolution of the slopes. Infanti
Junior and Fornasari Filho (1998) explain that slope characteristics, such as slope and
morphological evolution, are crucial to understand mass movements. Cruden (1991) defines
mass movement as the displacement of rocks, soil or debris along a slope, and Varnes (1978)
classifies it into falls, overturns, landslides, lateral expansions and flows.

The text addresses the relationship between rainfall and mass movements, highlighting
that movements triggered by rainfall are generally called landslides. The decrease in soil shear
strength due to rainfall infiltration is discussed, explaining how pore pressure affects slope
stability. Soil permeability, vegetation and natural factors are also considered. Pedrosa (1994)
points out that the prediction of mass movements is complex, involving factors such as the
thickness of the weathering profile, soil properties, vegetation cover, among others.

The text emphasizes the importance of the Geographic Information System (GIS) in the
analysis of correlations between rainfall and mass movements. Statistical methods, mathematical
models and geotechnical instrumentation are cited as tools to study this relationship. Soares
(2006) presents categories of methods that relate rainfall and landslides, such as correlation of
precipitation with probability of landslide and mathematical models for predicting soil water
level variation. GIS is highlighted as an effective tool for complex analysis and integration of

georeferenced information.

GENERAL ASPECTS OF THE MUNICIPALITY OF NITEROI

The municipality of Niterdi, located in the state of Rio de Janeiro, faces challenges of
demographic growth and urban expansion, being affected by rainy events that cause
inconvenience to the population. With an estimated population of 516,981 people, the city has a
geographical distribution in 52 neighborhoods, grouped into five administrative regions. The
region Beaches of the Bay, North, Oceanic, Pendotiba and East are the main areas.
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Geologically, Niterdi is located on terrains of polycyclic evolution, associated with the
Coastal Mobile Belt or Ribeira Belt, with granitoid and metamorphic rocks. The Niterdi Ductile
Shear Zone exhibits seven main fault zones. The city has different lithological units, such as
Angelim Unit, Catalonia Unit, Phasoidal Gneiss Unit, Cassorotiba Unit and Itaipt Sub-Unit.

The geomorphology of the region is characterized by gentle and moderate gradients,
rounded tops and soils originating from gneissic rocks. The relief near the coast consists of strips
of plains interrupted by hills. The original vegetation is from the Atlantic Forest, with preserved
areas in the Serra da Tiririca, floodable fields, mangroves and sandbanks. The climate is tropical,
with high rainfall in the summer and a dry winter.

Niterdi faces environmental challenges, such as landslides, especially the incident in
Morro do Bumba in 2010. A detailed understanding of geology, geomorphology, and vegetation
cover is crucial to address natural hazards and promote the sustainable development of the

municipality.

METHODOLOGY AND PRIMARY SOURCES OF DATA

The methodology used in the research on flooding and landslide events in Niteroi
involves the analysis of the interaction between historical rainfall series and hydrological and
geological occurrences. Information was obtained from municipal agencies, higher education
institutions and researchers. The study includes the characterization of the urban geosystem,
urbanization history, watercourses, relief, areas with drainage problems and actions of the public
authorities. Data from the Civil Defense and local press were used, as well as reports from the
Municipal Secretariat of Civil Defense and Geotechnics of Niterdi, covering the period from
2011 to 2022.

RESULTS
The text addresses the urban system of Niteroi, Rio de Janeiro, focusing on demographic
issues, urban planning and natural hazards, especially related to heavy rainfall. Here's a rundown

of the main sections:

NITEROI URBAN GEOSYSTEM
¢ Population of Niterdi exceeds 500 thousand inhabitants.
¢ The entire municipality is considered urban.

¢ The City sent a new Urban Law to the Legislature to guide urban transformation.
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HEAVY RAINS IN NITEROI
¢ Heavy rainfall can cause geological disasters (mass movement) and hydrological
disasters (flash floods).
¢ The events are related to geology, topography, land use, and intense weather events.

e Climatic data from Niteroi show seasonal and annual variations in rainfall.

ASSESSMENT OF LANDSLIDE RISK AREAS
e \Various methods for assessing landslide risks, including map analysis, aerial
reconnaissance, and soundings.
¢ Risk classification based on history, types of movements, scope of events and resistance

of buildings.

HIGH AND VERY HIGH RISK POINTS IN THE CITY OF NITEROI
e The Municipal Law mentions nine points of very high risk in 2004.
¢ In 2007, a Risk Reduction Plan identified 142 risk points.
¢ In 2022, the Civil Defense mentions 138 risk points, classified into five risk levels.

e Tables detail risk points in different administrative regions of Niterdi over the years.

CONCLUSION

There has been an apparent increase in the number of risk points over the years, but the
changes can be attributed to different methods of classification and location accuracy.

The risk classification in 2022 considers five levels, indicating different degrees of risk in
the affected areas.

The text highlights the need for a comprehensive approach to dealing with natural
disasters, with an emphasis on structural and non-structural measures, and highlights the
evolution in risk management policies over time.

The city of Niteroi originates from territorial occupation in colonial Brazil with
progressive growth and urban expansion over hillside and lowland areas, including lowland areas
that were filled in. For 140 years, until 1975, the city was the capital of the state, experiencing
population growth, especially after the inauguration of the Rio-Niteroi bridge in 1974. All this
expansion, combined with social, geographical, and spatial conditions, may have aggravated
hodrological and geological processes such as floods and mass movements that are present in

current times.
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Despite the municipality's efforts to control, map or mitigate the frequent disasters that
plague the city, affect the population and the connecting roads that serve users in transit through
the municipality, episodes of natural disasters always seem to be present.

This study concluded that there is still a considerable number of risk points subject to
landslide processes. The risk areas in the years 2004, 2007 and 2022 were organized on a
temporal scale in order to assess, in a literature search, whether there had been an evolution of
the risk scenarios. However, the methodological changes in the classification of the degree of
risk of the records made over time have undergone changes that have made it impossible to
assess whether there has been a reduction in risk in certain places, such as an area going from
very high risk to low risk or vice versa.

Also, the way in which the records of 2004, 2007 and 2022 were located did not allow us
to accurately determine whether a locality has evolved in its risk classification, since for a given
area, without a precise address, it cannot be said that a certain event or risk situation has been
mitigated, is still present or if a new event has appeared in the area.

These difficulties allow us to conclude that historical data would be more consistent if
rigorous routines were adopted for locating and classifying risk areas, avoiding changes over
time that have the potential to make an analysis of temporal evolution unfeasible.

Therefore, it can be concluded that, at present, something around 50% of the areas
considered to be at risk are historical sites, recorded more than a decade ago in the mappings
made.

It is suggested, as a future work, that the risk areas of 2022, presented in this study, be
refined, aiming at their classification, and that the locations can be subject to physical
verification of the addresses to enable a monitoring of the evolution over time and to verify
future actions adopted by the municipality in order to mitigate the risks then pointed out in 2022.

It is recommended that an adequate survey of the places and conditions of risk can be
carried out to enable the design of public policies such as zoning of areas, occupational
relocation, works, information campaigns, direction and prioritization of resources that can lead

to a position of reduction of the risks that are currently present in the municipality.
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