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Abstract

This article presents a summary and analysis of the consequences on the latest disasters that occurred in Minas Gerais, especially in
the Metropolitan Region of Belo Horizonte (RMBH). The databases used in this study were the bulletins from the main bodies that
manage water resources and natural disasters in the state of Minas Gerais, such as Civil Defense, CEMADEN, IGAM and CEPED-
UFSC. It is worth mentioning that the cities of Belo Horizonte, Ibirité and Florestal were the holders of pluviometry records in the rainy
period of 2019/2020 and therefore, carry the largest numbers with regard to material damage (Ibirité) and the deaths (Belo Horizonte).
Nevertheless, it is important to highlight the significant number of injured, sick and homeless people due to the bad weather in
Contagem. It is known that the RMBH has a vast history of events related to natural disasters and bottlenecks regarding urban planning.
Therefore, the identification of these risk areas is a very important tool for mapping vulnerable locations and drawing concrete action
plans aimed at neutralizing events, strengthening the city’s urban infrastructure and mainly preserving lives.
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Resumo

Este artigo apresenta uma sintese e analise das consequéncias sobre os ultimos desastres ocorridos em Minas Gerais, sobretudo na
Regido Metropolitana de Belo Horizonte (RMBH). A base de dados utilizada neste estudo foram os boletins dos principais orgéos
que gerem os recursos hidricos e os desastres naturais no estado de Minas Gerais, como a Defesa Civil, o CEMADEN, o IGAM ¢ o
CEPED-UFSC. Vale ressaltar que as cidades de Belo Horizonte, Ibirité e Florestal figuraram, no periodo chuvoso de 2019/2020, como
detentoras de recordes pluviométricos e, por conseguinte, carregam os maiores nimeros no que diz respeito a danos materiais (Ibirité)
e a perda de vidas (Belo Horizonte). Nao obstante, ¢ importante destacar a quantidade expressiva de feridos, enfermos e desabrigados
em virtude das intempéries na cidade de Contagem. Sabe-se que a RMBH possui um vasto historico de eventos relacionados a desastres
naturais ¢ a gargalos no que tange o planejamento urbano. Sendo assim, a identificagdo dessas areas de risco ¢ uma ferramenta muito
importante para mapear os locais vulneraveis e tracar planos de agdo concretos objetivando neutralizar as ocorréncias, fortalecer a
infraestrutura urbana da cidade e, principalmente, preservar vidas.

Palavras-chave: Gerenciamento de risco; Movimentos de massa; Enchentes

1 Introduction are the main responsible triggering of landslides and

floods. The fact is further aggravated by an inefficient

Landslides and flooding are natural disasters urban planning, with a considerable increase of the

that happened frequently in Brazil. The diversity of disorderly occupation of river banks, and especially of

geological and geomorphological characteristics from hillsides in addition to global warming, which directly
Minas Gerais State linked to tropical climate conditions affects the hydrological cycle.
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Geological processes occur naturally on the planet,
but they can be induced and/or enhanced by anthropic action
through slope/landfill cutting, waste disposal, removal
of vegetation cover, changes in river dynamics. Parizzi
(2014) points out that the construction of cities demands
consequently builds that increasingly de-characterize natural
landscapes. Each occupied space presents a specific set of
responses to socio-environmental changes, therefore, requires
individual attention due to potential disasters and accidents
that can directly affect the population that lives there.

According to the “Relatorio de danos materiais
e prejuizos decorrentes de desastres naturais no Brasil:
1995 — 2019” developed by the Center for Studies and
Research in Engineering and Civil Defense of the Federal
University of Santa Catarina (CEPED-UFSC) in 2020, the
distribution of damage and losses in Brazil is concentrated
in the states of Rio Grande do Sul, Minas Gerais, Bahia,
Pernambuco and Santa Catarina. This means that the total
damage and losses from these states combined account
for almost half (49.14%) of the total of R$ 333.36 billion
in losses in Brazil.

Intense and persistent rainfall is the major contributor
to the occurrence of natural disasters (Kobiyama et al. 2006;
Alvarenga 2012). In addition, climate changes directly
affect precipitation and temperature averages, frequency and
intensity of extreme events, and changes in soil moisture
(Xu et al. 2011; Stagl et al. 2014). Extreme rainfall events
are frequent in Belo Horizonte, mainly between the months
of November and February. Assis et al. (2013) explain that
the topographic irregularity of the city of Belo Horizonte
and the action of unstable atmospheric systems, associated
with intense occupation and soil sealing, are primarily
responsible for the recurrence of inundation and landslides
events. Furthermore, these same authors emphasizes that
these problems are aggravated by the disorderly growth
of the capital city in regions lacking urban infrastructure,
especially the irregular occupation of the slopes of Serra do
Curral and the valley bottoms of the hydrographic basins
of Ribeirdo Arrudas and Cérrego do Onga.

The main system which regulates precipitation
throughout summer in South America is the South
Atlantic Convergence Zone (SACZ), and because it is
a persistent system, it can contribute to the occurrence
of geohydrological disasters (Quadro 1994; Lima et al.
2010). Abreu (1998) in his study describes the SACZ and
its effects on the state of Minas Gerais. This author explains
that the SACZ is formed by the association between the
Atlantic Polar Front (APF) and tropical convection, coming
mainly from the Amazon region. According to Simdes et al.
(2012) in the city of Belo Horizonte, especially on Cristiano
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Machado Avenue, the SACZ plays an important role in
the occurrence of precipitation, and in the rainy season of
2011/2012, there was a strong action of this convergence
zone. However, Simdes et al. (2012) points out that in
the aforementioned period, some anomaly was recorded,
especially in December and February.

Many studies describe the geological and/or
hydrological disasters that occurred in some Brazilian
regions, as can be seen in Lima et al. (2010) in the
southeastern region of Brazil; Dourado et al. (2012), Silva
etal. (2012) and Dereczynski et al. (2017) in the region of
the state of Rio de Janeiro; Vargas Jr and Campos (2015)
in Rio Grande do Sul and Magnago et al. (2021) in Santa
Catarina. It can also highlight the studies that expose natural
disasters occurred in the Metropolitan Region of Belo
Horizonte (RMBH) such as Parizzi et al. (2010a), Parizzi et
al. (2011), Simdes et al. (2012), Assis et al. (2013), Parizzi
(2014), Nunes (2018), Lucas et al. (2018) and Pedro et
al. (2020). Studies such as the ones mentioned above are
fundamental to the understanding of the criteria adopted
for risk management in urban areas, besides contributing
with information and awareness of disaster prevention
agencies and the population in general, because it might
help in the prevention and preparation to face these events.

This article presents a summary of the latest disasters
that have occurred in Minas Gerais, especially in RMBH,
and presents the impacts of these phenomena. The RMBH
has several risk areas with a high number of occurrences.
This is caused by the characteristics of the geomechanical
conditions of the rocks inserted in this region, which favor
the development of erosive processes and consequent
instability of the terrain. In view of the intense growth
of the RMBH and the increasing need for more detailed
information, with the elaboration of maps and thematic maps
for urban planning, the RMBH is a region that deserves
attention, according to the works of Parizzi et al. (2011)
and Reis Junior and Parizzi (2019). In addition, this study
can help the risk management of the region and subsidize
the planning and improvement of actions aimed at risk
reduction in the country, especially during rainy periods.

2 Basic Concepts Used in Natural
Disasters Management

Worldwide or even within the same country,
unfortunately, there is rarely uniformity in terminology
and the results of risk area zoning are not often precisely
defined. The terminologies used in risk management are
frequently used interchangeably, but here in this article we
will use the definitions according to Table 1.
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Table 1 Definition of terms used in natural disaster management.
Terminology Definition Reference
Those caused by natural processes or phenomena that may imply human losses or other health
Natural Disasters impacts, damage to the environment, property, interruption of services, and social and economic Brasil (2012a)

disturbances.

Castro (1999, p. 11) apud Kruger (2012), states that emergency situation is the legal recognition

Emergency Situation (ES) by the public authorities of an abnormal situation caused by disasters, causing damage that is Kruger (2012)
bearable and surmountable by the affected community.
PCS is the legal recognition by the government of an abnormal situation caused by a disaster,

Public Calamity State (PCS) causing serious damage to the affected community, including to the safety and life of its Kruger (2012)
members.
It is the result of human, material, or environmental losses inflicted on people, communities,

Damage s i : Kruger (2012)
institutions, facilities, and ecosystems as a consequence of a disaster.

Loss Itis the measure of loss related to the economic, social, and property value of a given asset Kruger (2012)
under disaster circumstances.

Homeless Homeless people who need temporary shelter. Kruger (2012)

Displaced People whose housing has been damaged or Kruger (2012)

destroyed, but who do not necessarily need temporary shelter.

It is worth noting that ES is characterized by the
imminence of damage to health and public services. The
PCS is decreed when these situations are installed. Agéncia
Senado (2020) emphasizes that it is up to the mayor to
assess the situation and decree the ES or PCS, because
these are cases in which there is the possibility of obtaining
federal and state resources facilitated for the mitigation of
damage and losses.

The Brazilian Disaster Codification (COBRADE)
was instituted to replace the Codification of Disasters,
Threats and Risks (CODAR). COBRADE was developed
from the classification used by the International Database
for Disasters (EM-DAT) of the Center for Research on the
Epidemiology of Disasters (CRED) and the World Health
Organization (WHO/UN). In addition to the disasters
included in the EM-DAT classification, some disasters
peculiar to the Brazilian reality were included (Brasil
2012b). According to COBRADE there are two categories
of disasters, which are natural disasters and technological
disasters. Natural disasters are subdivided into geological,
hydrological, meteorological, climatological, and
biological. This article will address the geological and
hydrological disasters that have occurred in RMBH, such
as landslides and floods.

Situations of abnormality such as ES and PCS can
only be decreed as a result of a disaster, so to be considered
a disaster in Brazil, it is essential that the disaster has been
catalogued in COBRADE. In addition, the classification of
disasters allows for the formation of databases that can be
used for eventual studies on the occurrence of disasters in
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the country, enabling the adoption of preventive measures
to address adverse situations (Brasil 2012b).

3 RMBH Characteristics

Located in the central portion of the state of Minas
Gerais, the Metropolitan Region of Belo Horizonte is
composed of 34 cities and according to IBGE (2015) it covers
an area of 9471.7 km? The region is inserted in the context of
the Sao Francisco Craton and is constituted to the south, by
the rocks of the Quadrilatero Ferrifero, in a central portion,
by granite-gneissic rocks of the Belo Horizonte and Caeté
metamorphic complexes, and to the north by rocks of the
Bambui Group and Espinhago Supergroup (Reis Junior 2016).

According to Parizzi et al. (2011), the RMBH has
varied geology, ranging from highly weathered rocks to
residual soils, highly susceptible to mass movement. It
is possible to highlights phyllites and schists with high
degree of weathering, gneiss residual soils and thallus
deposits. Parizzi et al. (2010b) produced a geotechnical
topology identification map, which identified 10 units
that are grouped according to similar compositions and
behaviors. The dominant lithologies present in each
geotechnical unit are: 1 - Granite-gneissic rocks; 2 —
Siltstone; 3 — Itabirites; 4 — Foliated metamorphic rocks;
5 — Dolomites; 6 — Quartzites; 7 - Metaultramafic and
metadianasian rocks; 8 - Laterites and various sediment
deposits; 9 - Metagraywackes e metasandstones and 10 —
Limestones. Figure 1A shows location map and Figure 1B
shows geotechnical RMBH units.



Natural Disasters in the Metropolitan Region of Belo Horizonte...

Figure 1 A. Location map; B. Geotechnical map of RMBH units.

According to Kdppen’s climate classification, the
largest portion of the RMBH is inserted in the Cwb type
(humid temperate climate with temperate summer and dry
winter), while a small portion corresponds to the Cwa type
(humid temperate climate with hot summer and dry winter)
(Alexandre et al. 2010). Lucas et al. (2018) concluded that
in the rainy seasons between 2010 and 2012 the Cold Fronts
(CF) were the most recurrent systems in Belo Horizonte,
followed by the action of the SACZs, but if the convergence
zones are considered in total (SACZ and MCZ - Moisture
Convergence Zone), they correspond to almost 40% of the
atmospheric systems acting in the region.

According to Lucas et al. (2018) the city of Belo
Horizonte is characterized by being an impermeable city and
having straightened streams. These authors also state that
rainfall with maximum intensities of less than 10 mm/h does
not tend to cause hydrological impacts; however, rainfall
records with intensity between 10 and 17.9 mm/h show a
tendency to increase the number of recorded events, with
rainfall intensity above 30 mm/h, and the records become
more recurrent.
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4 Methodology

In order to search for the occurrences of
meteorological events that were characterized as natural
disasters in the rainy period from October 2019 to March
2020, a catalog of the events that occurred in Minas Gerais
was carried out with emphasis on the events that occurred
in the RMBH. This catalog was prepared from the records
of the main media such as newspapers and magazines, in
addition to data from the Civil Defense Bulletins of the
state of Minas Gerais. In addition, the “Boletim da sala de
situacdo - 1° trimestre de 2020” prepared by the National
Center for Monitoring and Alerts of Natural Disasters
(CEMADEN), the “Relatorio técnico do periodo chuvoso
2019-2020” prepared by the Minas Gerais Institute of
Water Management (IGAM) and the ““ Relatorio de danos
materiais e prejuizos decorrentes de desastres naturais no
Brasil: 1995 —2019” prepared by CEPED-UFSC in 2020
were also consulted.

To the event being considered an occurrence related
to a natural disaster caused by rain, at least one of the
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following criteria was considered: existence of homeless
and/or displaced persons, deaths, structural damage,
landslide or river overflow events, declaration of a situation
of emergency, or declaration of a situation of public
calamity. This catalog was prepared in spreadsheets, where
as much information as possible about the occurrences
was registered, such as location, type of event, date of
occurrence, number of people affected etc. 105 occurrences
were catalogued from the Civil Defense bulletins of the state
of Minas Gerais and 14 occurrences from the Internet media.

The rainfall maps of the RMBH were made from
data of 17 rainfall stations, and of these 17 stations; data
from 5 were discarded for containing missing and/or
inconsistent data. The data from these rainfall stations were
obtained through the ANA’s National Hydrometeorological
Network, acquired from Hidroweb, where hydrological
data in historical series are available. The rainfall stations
are distributed throughout RMBH and the period of data
analyzed corresponds to the average of the rainy period
2019/2020 and the accumulated rainfall of the month of
January 2020.

ArcGIS 10.3 software was used to prepare the rainfall
maps of the RMBH and the mathematical model applied was
the deterministic interpolation Inverse Distance Weighting
(IDW). According to Jakob and Young (2006) the IDW
predicts a value for some unmeasured point using the values
sampled around it. Marcuzzo et al. (2011) explain that the
weight of each point is the inverse of a function of the
distance, which will have a greater weight than the more
distant values, that is, each point has an influence on the new
point, which decreases as the distance increases. Marcuzzo et
al. (2011) also points out that the IDW is a computationally
fast method, since the definition of the weights for the linear
weighting is done in a simplistic manner.

5 Results and Discussions

The RMBH is a region of high urbanization and
the areas at risk of geohydrological events are inserted in
the urban area domain. These events occur both in areas
of high building standards and in areas of low building
standards which reinforces the importance of physical
conditioning factors in the triggering of these processes
(Parizzi et al. 2010a). However, in more precarious
regions where socioeconomic vulnerability is high, the
risk is aggravated by many factors including the increase
of irregular occupations and the lack of infrastructure.

CEPED-UFSC (2020) registered between the years
1995 and 2019 a total of 64429 disasters in Brazil. Within
the analyzed period of the 5570 Brazilian municipalities,

Anu. Inst. Geociénc., 2023;46:48923

Silva et al.

about 85% registered some occurrence with material
damage or losses, accounting for a total of R$ 333.36 billion
in losses. The private and public losses were estimated at
R$ 266.81 billion and the material damages were estimated
at R$ 66.54 billion.

Furthermore, according to CEPED-UFSC (2020),
for the total number of events 60.32% of the material
damage and losses in Brazil are originated mainly by
climatological disasters and 34.47% by hydrological
disasters. Geohydrological events are concentrated mainly
in the rainy season, between the months of October and
March.

During the years 1981 to 2010, INMET recorded
in the state of Minas Gerais the total rain over these 30
years ranged from approximately 1400 mm to values
below 800 mm. In the rainy period between the months
of October/2019 to March/2020, in Minas Gerais the
rainfall accumulations totaled values between 400 mm and
2100 mm, approximately (IGAM 2020).

At the end of January 2020, the meteorological
phenomenon called SACZ (South Atlantic Convergence
Zone) was responsible for the torrential rain events that,
according to IGAM (2020) totaled values greater than 100
mm in a period of only 24 hours. Figure 2A shows the
accumulated rainfall for the rainy season and Figure 2B
shows the accumulated rainfall for the month of January
in the RMBH. From Figures 2A and 2B it is possible to
verify that the rainy season precipitation accumulation
corresponded up to approximately 1600 mm in the central
region of RMBH.

Besides that, it is also possible to verify that only
during the month of January the central region presented
accumulated precipitation of up to 1100 mm, which is
almost 70% of the total rainfall in the entire rainy season.
This amount of concentrated rain especially at the end of
January was responsible for several occurrences of mass
movements, mudslides and floods in the cities of Ibirité,
Betim and Belo Horizonte.

Figure 3A presents the frequency of the monthly
rainfall totals of the 2019/2020 rainy season and Figure 3B
shows the total for the month of January 2020 of the 12
stations used in the RMBH. From Figure 3 it is possible
to observe that the rainfall intensity was better distributed
in the RMBH region during the entire 2019/2020 rainy
period compared only to the month of January 2020. In
addition, it is possible to observe that in January 2020
there was a record of extreme rainfall values (accumulated
above 900 mm). This can be attributed to the concentration
of rainfall in the central portion of the RMBH during the
month of January.



Natural Disasters in the Metropolitan Region of Belo Horizonte... Silva et al.

Figure 2 Accumulated precipitation: A. During the entire 2019/2020 rainy season; B. Accumulated rainfall in the month of January in RMBH.

Figure 3 Statistical analysis: A. Rainfall data for the cumulative total of January 2020; B. 2019/2020 rainy period in RMBH.

Anu. Inst. Geociénc., 2023;46:48923 6
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Currently, CEMADEN monitors 28 cities in RMBH
and, according to the “Boletim da Sala de Situagdo” for the
first quarter of 2020, all of them received geohydrological
risk warnings about possible storm consequences.
The bulletin also informed that among the monitored
municipalities, 13 have suffered some kind of impact and
had decrees of emergency or public calamity recognized
by the federal government.

Short-duration, high-intensity rainfall causes flooding
in the RMBH. This is mainly due to high soil sealing,
channelization of high-flow rivers, and poor construction/
maintenance of drainage works, which prevents rainwater
from flowing through drainage systems (Konrad 1997;
Teixeira 2009). However, these can also trigger landslides,
as they act as triggers for instability processes. On the other
hand, persistent rains remain for long periods of time, lasting
from days to weeks, making it impossible for the soil to
drain all the precipitated water (Prieto 2016).

In the RMBH the hydrological risks occurred first
when the rains are torrential in short periods of time. There
were reports of falling roofing, trees, several points of
flooding on Avenida Tereza Cristina and in the Vale do Jatoba
neighborhood, in the Barreiro region of Belo Horizonte.

Silva et al.

As the rainfall becomes more frequent, the soil tends
to saturate and then, the occurrence of landslides becomes
more recurrent, as was the case of the occurrences in the
late January 2020. Many occurrences of landslides were
registered, causing various damages and losses, such as, for
example, the record of a landslide that affected some people
in the Jardim Teresopolis neighborhood, in Betim. Parizzi
et al. (2010a) explain that geological constraints influence
the type of failure, while human actions, geomorphological
characteristics and the action of water interfere in the degree
of predisposition of land to mass movements. Some events
that occurred in the 2019/2020 rainy season can be seen in
Figure 4A, 4B, 4C and 4D.

Menezes et al. (2021) presented some information
regarding risk management and communication in the city
of Contagem, in RMBH. By consulting the literature of the
region, Menezes et al. (2021) indicated that in rainy periods,
areas of flooding are common in the city, especially in the
floodplain of Arrudas River and its tributary Ferrugem
Stream. In addition, these authors highlighted that the month
of January 2020 had a monthly precipitation of 934.7 mm
at the Belo Horizonte meteorological station, and more
than 200 people were temporarily homeless.

Figure 4 Events occurred in the 2019/2020 rainy season: A. Part of a slope slide on Raja Gabaglia Avenue, in the Western Region of
BH (G1 2020); B. Tereza Cristina Avenue flooding (R7 2021); C. Street blocked by landslide in the Jardim Teresépolis (Betim) (ltatiaia

2020); D. Flooding in Barreiro (Estado de Minas 2020).

Anu. Inst. Geociénc., 2023;46:48923
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From news reports of various media, especially
electronic portals, it can be seen that only in the period
between 12/29/2018 and 02/27/2020 there were at least
13 cases of flooding in the RMBH region, and 9 cases of
landslides. Such data is usually collected through contact
with local residents and/or the press, which makes it
difficult to correctly classify and standardize the events
that occurred. In Figure 5 we can see the location of the
events that were catalogued through the electronic media
consulted.

Figure 6 presents the concentration of human
damage in the monitored cities of the RMBH, i.e., the
total number of dead, injury and/or sick, homeless, and
missing people. It can be seen that the cities with the most
people affected were Contagem, Ibirité, Santa Luzia,
Jaboticatubas, Mario Campos and Mateus Leme. However,
it is worth noting that up to the date of this article, the
human damage suffered during the first quarter of 2020 in
the municipality of Belo Horizonte had not been calculated,
and therefore, the data appear with a total of zero damage
in Figure 6.

From January 31, 2020, the Civil Defense bulletins
presented a summary of those affected by the rains
throughout Minas Gerais. In Figure 7 it is possible to see

Silva et al.

that the number of those affected decreases dramatically
as the rainy season ends.

Figure 8 presents the damage in the monitored
municipalities of RMBH. Above is presented the amount
of homeless, displaced, missing and other people who were
directly affected by natural disasters. Below, also in Figures
8A and 8B, the number of dead and injured/injured in the
first quarter of 2020 is presented.

Among the total number of people affected in the
first quarter of 2020, there were 27 deaths (victims of
landslides), 12 of them in Belo Horizonte (Vila Bernadete
and Engenho Nogueira); 6 in Betim (Duque de Caxias and
Jardim Teresopolis); 5 in Ibirité (Vila Ideal and Durval de
Barros); 2 in Contagem (Vila Sapolandia Industrial and
Maria da Conceicdo); 1 in Nova Lima (Cristais); and 1 in
Sabara (General Carneiro) (CEMADEN 2020).

Material damage refers to the amount of education,
health, commercial or community facilities, housing units
or infrastructure damaged or destroyed by the disaster.
According to CEMADEN (2020), the significant amounts
refer to public infrastructure works (approximately 57%)
and damaged or destroyed housing units (approximately
40%). The city with the greatest material damage was the
city of Ibirité.

Figure 5 Location of natural disaster occurrences in 2018/2020 rainy season in RMBH.

Anu. Inst. Geociénc., 2023;46:48923
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Figure 6 Map of human damage caused by rainfall during the first quarter of 2020 in RMBH (S2ID 2021).

Figure 7 Affected by the rains from 01/31/2020 to 04/10/2020 (Defesa Civil 2021).

Anu. Inst. Geociénc., 2023;46:48923 9
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Figure 8 Balance of damage suffered in RMBH cities during the second quarter of the 2019/2020 rainy season: A. Total damage; B.

Human damage by category (S2ID 2021).

According to CEMADEN (2020), the city of
Contagem had the highest number of injured/injured (90),
as a result of burial in landslides; and the highest number
of homeless (1200), as a result of the evacuation of some
communities, such as in Vilas Morro dos Cabritos, Sapolandia
Industrial, Itat, Barraginha, and Sao Paulo, among others.
During the entire rainy season of 2019/2020, the number of 32
deaths (victims of landslides) stands out, 14 in Belo Horizonte
alone, 6 in Betim, 6 in Ibirité, 3 in Contagem, 1 in Nova
Lima, 1 in Sabara and 1 in the municipality of Esmeraldas.
In Figure 9 shows the distribution by municipality of deaths
due to rainfall in the RMBH.

Anu. Inst. Geociénc., 2023;46:48923

Thus, it is worth noting the exorbitant number of
deaths in RMBH as a result of the impacts generated by
ZCAS. Such deaths occurred in a predominantly urban
environment and most of them with characteristics of
irregular occupation in risk areas. The largest share in
total material damage was the public infrastructure works
with about 65%, which according to CEMADEN (2020)
in a post-disaster context of great magnitude covers a
series of interventions of engineering works in space,
especially related to the reestablishment of roads in
flood events and geotechnical containment of slopes in
landslide events.

10
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Figure 9 Distribution of rain-related deaths in RMBH (Defesa
Civil 2021).

6 Conclusions

As observed when compiling the data from
CEMADEN, IGAM, and the bulletins of the Civil Defense
of Minas Gerais, the state faced major challenges of urban
character, such as flooding and landslides, due to the rains
and their consequences between the months of October
2019 and March 2020. It is worth noting that the cities
of Belo Horizonte, Ibirité, and Florestal figured, in the
2019/2020 rainy season, as rainfall record holders and
consequently, carry the largest numbers with respect to
property damage (Ibirité) and loss of life (Belo Horizonte).
Nevertheless, it is important to highlight the significant
number of injured, sick, and homeless due to bad weather
in the city of Contagem.

RMBH has a vast history of events related to natural
disasters and bottlenecks in terms of urban planning.
Moreover, the region is characterized by several elements
at risk, so the knowledge of the minimum amount of rainfall
required for the onset of landslides is extremely important.
Thus, the identification of these risk areas is a very important
tool to map vulnerable locations and draw up concrete
action plans aiming to neutralize the occurrences, strengthen
the urban infrastructure of the city and, most importantly,
preserve lives.

Because of the lack of a narrow rainfall monitoring
network in the study area, characterized by few stations in
arelatively large area, the rainfall data used should be used
with caution. The need for more stations equipped with rain
gauges is well known, since only 12 stations were used for
the study, that is, about 1 rain gauge per 800 km?. However,
Parizzi et al. (2010a) showed that the differences between
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rainfall rates from region to region are not decisive for the
definition of the area most susceptible to landslides, because
the areas with lower rainfall rates also reached values of
precipitation considered sufficient to trigger these events.
Besides this, these authors also emphasize that because
the intensity of rainfall varies greatly from one region to
another in the same time interval, the real-time reading of
the rain gauges is important for the decision making of the
competent bodies in each risk area.

Due to the different definitions and methodologies
for data collection and availability among the sources
analyzed, there is no consensus between the values of
damage and losses presented during the rainy season in
the RMBH. We emphasize the importance of analyzing all
sources with records of events, but one should pay attention
to the main limitations of the sources, such as the different
levels of quality in filling out the information and in some
cases, where only the immediate impacts are recorded after
the occurrence of the disaster.

Finally, it is worth highlighting the importance of
risk management in metropolitan areas, as is the case of
RMBH, for actions involving planning, intervention, and
mitigation of natural disasters. As several authors emphasize,
among them Parizzi (2014), risk management is a complex
social process and it should always involve three distinct
phases: before, during, and after the occurrence of events.
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