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4Sistema Alerta Rio da Prefeitura do Rio de Janeiro
Rio de Janeiro – RJ – Brazil.

{mariza,fporto}@lncc.br, eogsawara@ieee.org,ebezerra@cefet-rj.br

Abstract. Extreme weather events is a new area of research that has recently
attracted the attention of researchers from different disciplines. In this paper,
we investigate the phenomena from a data-driven forecast standpoint for severe
rainfall occurring in the city of Rio de Janeiro. We aim at a formal definition
for the phenomena that can clarify its concept and help drive the research. Our
initial result is a characterization of the problem inspired by a reformulation of
a numerical model based forecast framework.

1. Introduction
Extreme weather is responsible for many natural disasters that cause material damage
and loss of life. Precipitation nowcasting, a few hours ahead forecast for extreme rainfall
events, is an essential component of early warning systems and consecutive actions within
crisis management and risk prevention. As the effects of climate change become more
severe, more frequent episodes of extreme events are likely to be observed [Gates, 2021].
Severe events recorded across the Rio de Janeiro nearby town demonstrate the need to
improve the ability to monitor, predict and issue landslide alerts in advance to minimize
related damage and protect human lives and properties. However, despite the efforts
dispensed to improve strong events forecast accuracy, results of the Alerta Rio 1, a system
of the department of the municipality responsible for throwing alerts of extreme events
needs improvements 2. In an internal study, [daSilva, 2019] analyzed 168 rain alerts,
from February 2019 to May 2019. On the total forecasts emitted by Alerta Rio classified
as strong rain, only 12% did materialize as such. More interestingly, 35% of the these
alerts corresponded to actual no rain observed. Conversely, considering the total forecast
events for moderate rain, 49% had no rain and 2% faced heavy rain. Thus, there is a clear
need to improve on extreme weather forecasts in urban areas, and in particular for the Rio
de Janeiro city. In this regard, our ongoing research project [Porto et al., 2022] aims at

1http://alertario.rio.rj.gov.br/
2It is worth mentioning that the current monitoring is not done through predictive models with ML.
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building Machine Learning (ML) predictive models for extreme precipitation forecast in
urban areas, in particular in the Rio de Janeiro City. For this type of modeling with ML,
it was felt the need to clearly define what an extreme event is to improve the forecasting
modeling task.

Severe weather watches with a few hours lead time, if they exceed a certain th-
reshold [Wang et al., 2017]. However, these thresholds are usually determined by local
and regional factors. These are challenging in Rio since, in association with the socio-
spatial processes, the interaction of physiographic aspects of the city, notably the relief
(Tijuca, Pedra Branca, and Medanha massifs), the proximity to the Atlantic Ocean and
two Basins (Guanabara and Sepetiba), impose risk factors concerning heavy precipitation
and natural disasters. Thus a skilled local forecaster is necessary for a correct interpreta-
tion. Defining an extreme/severe weather event after its occurrence is easier. They usually
involve human and material losses with high levels of precipitation, as in the examples
mentioned. Analyzes of rainfall levels and measurements of observed atmospheric data
help to indicate the factors that caused heavy rain.

The objective of this work is to make a study that helps in the definition of what
is an extreme precipitation event in the city of Rio de Janeiro. Furthermore, two possible
definitions are analyzed:

• What defines an extreme rainfall event to be considered in a training database of
ML algorithms for nowcasting extreme precipitation. For this case, we present a
literature review and historical databases which could support this definition;

• What defines an extreme event for the classification and regression model with
ML, allowing the nowcaster to identify with a certain probability where and when
an intense rain with the potential for floods and/or landslides will occur.

2. Extreme Weather Events in Rio de Janeiro
Extreme rainfall events have always occurred in the city of Rio de Janeiro, especially in
the spring and summer months, causing great inconvenience to the local population. This
section presents a review of the extreme weather events that hit the city of Rio de Janeiro.
The objective of this study is to gather elements for a definition of what an extreme event
is for the city of Rio, enabling ML approaches for a future nowcasting decision-making
process, under development. It is worth mentioning that the events studied here delimit
the problem for precipitation events with rainfall. Other events such as winds and coastal
events will not be considered, not even droughts, which are also related to precipitation.

Luiz-Silva [2022] provide an overview of the main climatological characteristics
of precipitation extremes throughout the State of Rio de Janeiro. Daily precipitation data
are derived from 56 rainfall stations during the second half of the twentieth century and
the 2000s. Also, the data for their extreme events study must include the occurrence
of flood and landslide events, weighing at least one dead. They indicate and examine
eight indices related to extreme precipitation, similar to those recommended by the Expert
Team on Climate Change Detection and Indices of the Commission for Climatology of
the World Meteorological Organization (WMO). Indices are mainly based on daily and
annual data of maximum and minimum precipitation to identify trends. Specifically for
the city, the climatological values of rainfall above 30mm, which exceed 20 days in some
parts of the Guanabara Bay basin, particularly around the Tijuca massif in the city of Rio
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de Janeiro, are highlighted. The topography and significant total precipitation in short
periods contribute considerably to landslides.

Dereczynski et al. [2017] present a survey of extreme rainfall events and their ef-
fects on the population of the city of Rio de Janeiro, carried out from 1881 to 1996. The
objective is to recover the main events of extreme rainfall from the 19th century by asses-
sing heavy rainfall reports and evaluating the usefulness of meteorological information to
alert the population against disasters caused by heavy rains. First, they pre-selected cases
with daily rainfall of 100 mm or greater. Of the total of 100 pre-selected, Eighty-two
cases were considered extreme events due to the significant damages caused to the popu-
lation, including deaths, injuries, material damages, landslides, and floods. Throughout
the analyzed period, the weather forecasts in the newspapers were not sufficient to alert
the population in cases of heavy rains.

d’Orsi et al. [2017] survey the 50 accidents of a geological-geotechnical nature,
most impacting the city of Rio de Janeiro between 1966 and 2016. This work considers
the GeoRio database, news published in the media, magazines, articles, and scientific pa-
pers. The fifty accidents consider information and characteristics of the occurrences, such
as the number of fatal victims, buildings totally and/or partially destroyed, precipitation
volume, disturbances generated, obstruction of roads, etc. From there, they developed a
methodology to score each “Accident Category” according to its magnitude. Based on this
total score, accidents were grouped into three classes which indicate the severity and po-
tential of accidents to generate inconvenience and impacts for the city. Class I represents
the least expressive accidents, and Class III is the most expressive. For example, among
the 16 class-III events registered in the event on April 5, 2010, in Morro dos Prazeres had
landslides, 30 deaths, obstruction of roads and houses destroyed.

Aires et al. [2017] show that the Brazilian Regional Atmospheric Modeling Sys-
tem (BRAMS) is a useful tool for forecasting heavy rains. Simulations were performed
with BRAMS to understand the extreme event that occurred on April 7, 2010, in Rio
and Niterói (a neighborhood of Rio de Janeiro, 14km away and located in the Guanabara
Bay basin, known as Morro do Bumba). Intense rainfalls with more than 300mm in 24h
caused the landslip inflicting 50 deaths in Niteroi and 66 in Rio, with more than 11439 pe-
ople displaced in addition to several impacts on the cities infrastructure. The simulations
use synoptic analyses and satellite images provided by CPTEC. The work also presents a
study of the literature highlighting factors, from an observational point of view, of cases
of heavy rains that occurred in the State and the city of Rio de Janeiro. For the city, ob-
servations use images from radar - Pico do Couto, GOES-16 satellite, and a radiosonde in
Galeao airport. Among the atmospheric systems responsible for the analyzed events, the
following can be highlighted: dynamic and thermodynamic mechanisms associated with
these systems, which prove to be useful for understanding and predicting extreme events.

Climatological characterization of the precipitation extremes from these works is
mainly based on observed meteorological indices and association with hydrometeorolo-
gical impacts, like landslides and deaths. These works bring us elements to characterize
and define extreme events for the database definition. However, for the learning model,
what really matters seems to be able to learn the conditions that precede the extreme event
and have models that can advance in time with the precipitation variable. As presented
in [Aires et al., 2017], dynamic and thermodynamic mechanisms associated with these
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systems from observational data from radar and satellite data seem to be the most im-
portant aspect. Next sections aims to study approaches and frameworks focused in this
characterization for the learning model.

3. An Extreme Events study framework
From the history of extreme weather events reported in the city of Rio de Janeiro, as well
as those occurring in other urban areas, it becomes clear that instruments that could miti-
gate the effects of such events are paramount, particularly in a climate change scenario we
have been observing, with an increase in the frequency of occurrences of very strong rain-
fall. In an attempt to specify a framework within which extreme events can be reasoned
about, [Farazmand and Sapsis, 2019] have structured the problem into inter-correlated
components, as depicted in Figure 1.

Figura 1. Extreme events problem components inter-correlations, adapted from
[Farazmand and Sapsis, 2019].

In Figure 1, extreme event phenomena can be studied from four different perspec-
tives: statistics, mechanisms, real-time prediction and mitigation. The statistics and real-
time prediction components refer to approaches to infer the occurrence of an extreme-
event, while the mechanisms one explores techniques for modeling the ensemble of phe-
nomena that gives rise to extreme-events; and mitigation is about actions and strategy to
manage their effects over the cities and their population. In this work we are mostly inte-
rested in data-driven techniques that support extreme-events predictions, which drives us
to discuss the prediction and statistics components. However, understanding the condi-
tions (i.e. state transitions) that precede an event is essential for the design of a learning
strategy and, ounce the predictions have been made, authorities can plan actions to mi-
tigate their effects. Thus, the proposed framework sets an interesting panorama for the
study of extreme events.

3.1. Exploring the extreme events framework
Considering the three framework components, presented in Figure 1 and of relevance
to this work, in this section, we discuss them in light of our interest for the data-driven
prediction of extreme events.

Statistical approaches infer the frequency and probability of an extreme event oc-
currence on a large distribution of events. The Extreme Event Theory is one such approach
that has a large body of work, for instance [Haans and Ferreira, 2006, Watson, 1954, Lu-
carini et al., 2016]. The theory aims at computing Mn = max(X1, X2, ..., Xn), the set of
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maximum values occurring in a distribution, where X1, X2, ... is a sequence of random
variables, and n → ∞. Although developed considering independent and identically
distributed (i.i.d) values, the approach has been extended to cope with time series data
[Mudelsee, 2010]. Another important statistics approach in this context is the large devi-
ation theory, [Touchette, 2011]. Due to the large number of extreme events’ occurrence
needed to support their prediction, the statistics approach can be used as the basis for
governmental policies dealing with extreme rainfall in the city, but it is not a candidate
for nowcasting of rainfall events [Buch-larsen et al., 2005] as the latter requires a precise
forecast about their future occurrences.

The mechanism component considers the context that triggers the occurrence of an
extreme event associated with dynamic and thermodynamic effects. Through the study of
such mechanisms, one should be able to understand the conditions that may entail a trans-
formation from an observable state with typical values into an extreme event (EE) state.
Examples of known mechanisms for generating extreme events include:(i) multiscale sys-
tems,(ii) homoclinic and (iii) heteroclinic bursting and (iv) noise-induced transitions, [Fa-
razmand and Sapsis, 2019]. A main aspect of the study of mechanisms underlying the
development of extreme events is the discovery of indicators. The latter are observables
of type f : U → R, representing some quantity in a domain space U , whose observation
along a trajectory u(t) signals the occurrence of a set of extreme values f(ut) ≥ fe, for
time instants t0 ≤ t ≤ tn. Thus, fe defines a threshold for the boundary between typi-
cal and extreme-values space for f . In the case of weather forecast, f could model the
precipitation observations. An extreme event threshold value could be fe = 50 mm/h,
referring to the value of precipitation in one hour. One may observe that the discovery of
indicator functions concept is in line with the selection of features that shall be learned by
a machine learning forecasting model [Xiang et al., 2020]. In this sense, a feature (or set
of therein) determines the behavior to be learned in predicting a target distribution (i.e. a
random variable). It is interesting to note that for learning tasks, being able to understand
the complex scenario preceding an extreme event is the basis for an accurate prediction.
In a data-driven prediction scenario, this entails learning the signals that indicate the con-
ditions favorable for the rise of an extreme event. In this context, the definition of an
exact extreme event threshold, such as fe above, may not be as relevant as learning the
last minute signals before the burst of the extreme event.

Finally, by analyzing the predictions for the extreme rainfall, indicating the vo-
lume of rain, the affected spatial region and the expected timing, authorities can more
accurately plan for actions to mitigate their effects.

4. Final Considerations
Extreme rainfall events are becoming more frequent and producing extended damage to
the population in urban areas. In this paper, we focus on extreme weather events occur-
red in the city of Rio de Janeiro. We investigated the current literature describing these
phenomena and the one proposing methods for nowcasting extreme rainfall events. In an
attempt to find a formal definition for the phenomena, we characterize it according to four
main approaches that reason about extreme weather events prediction and their effects.
Given our focus on forecasting, it seems that the mechanisms and prediction components
form the basis of a framework for tackling the problem. Moreover, fixing a threshold for
values delimiting extreme events is not necessary for solving the prediction problem.
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