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Rainfall in Metropolitan Region of Rio de
Janeiro: characterization, extreme events,
and trends
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Keywords Abstract
Geographical Climatology  Physical-natural, economic, social, and spatial factors constitute processes that,
Variability when associated, form and give meaning to the spatial complexity of the
Climate Extremes Metropolitan Region of Rio de Janeiro, configuring it as a susceptible and
Geographic Factors vulnerable space to the occurrence of climate exceptionalities. Thus, this paper

aims to analyze the spatial and temporal variability of extreme precipitation
events in the Metropolitan Region of Rio de Janeiro. Daily data regarding 48
rainfall stations were used: 40 stations in a series from 2008 to 2019 and 8 stations
concerning the period between 1970 and 2019. The percentile technique was used
to establish standard years (1, 10, 90, and 99 percentile) and to define the
extremes (99th percentile). The R software was used to perform autocorrelation
tests, to extract the RX1Day and RX5Day indices, and to perform the Mann-
Kendall, Pettitt, and Sen's Slope tests. The influence of altitude, slope orientation,
and sea level was verified on the spatial distribution of precipitation and extreme
events. The years with the highest occurrence of extremes, as well as concentrated
and persistent events of greater magnitude, are identified as rainy and extremely
rainy, namely 1988 e 2009. 90% of extremes occur in the rainy season, especially
during December, January, and March. However, April manifests extremes of a
greater magnitude. Four stations with negative and two with positive trends were
identified.
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INTRODUCTION

Environmental issues triggered by weather
phenomena are frequent in the Metropolitan
Region of Rio de Janeiro (MRRJ), Rio de Janeiro,
southeastern Brazil, especially those related to
precipitation events (ARMOND; SANT'ANNA
NETO, 2019; BRANDAO, 1987, 2003;
GONCALVES, 2003; GOUDARD, 2019;
MENDONCA, 2003; NEIVA et al, 2017,
SANT'ANNA NETO, 2011). Considering a
climate change scenario, two aspects are
particularly critical in MRRJ: sea level rise and
an increase in the occurrence of extreme events
such as intense winds, storm waves, torrential
rains and longer droughts (INPE, 2011). With
the imminent intensification of these effects, a
worldwide scientific effort took place in order to
understand the variability and trends of these
phenomena as impacts affect unequal spaces
and, therefore, are experienced in different ways
(CONTI, 1975; GOUDARD, 2019; MONTEIRO,
1971, 1999; STEPHENSON, 2008 apud
ARMOND, 2018).

The Intergovernmental Panel on Climate
Change (IPCC) defines extreme events as “an
extreme weather event would normally be as
rare as or rarer than the 10th or 90th percentile
of a probability density function estimated from
observations” (IPCC, 2021). In addition to
percentiles, 1-day and 5-day maximum rainfall
indices from the Expert Team on Climate
Change Detection and Indices (ETCCDI) are
widely used in climate extremes studies
(ARMOND, 2018; BENAVIDES et al., 2007;
DOS SANTOS et al., 2006; REBELLO et al.,
2008; GOUDARD, 2019; SILVA;
DERECZYNSKI, 2014; ZHANG et al, 2004).
Furthermore, the applicability of ETCCDI is
also found in trend studies as it enables the
measurement and characterization of climate
variability in order to detect changes in climate.

Considering Rio de Janeiro, extreme
precipitation events studies are recurrent in the
literature, with a preponderance of researches
regarding Rio de Janeiro state (ARMOND, 2018;
DERECZYNSKI et al, 2013; SILVA;
DERECZYNSKI, 2014) and 1its capital
(ARANHA; BRANDAO, 2007; ARMOND, 2014;
ARMOND; SANT’ANNA NETO, 2017, 2019;
DERECZYNSKI et al.,, 2009), while specific
papers concerning the Metropolitan Region
remain with little expression in the bibliography
(MOURA et al., 2013).

Thus, the objective of this manuscript is to
analyze the spatial and temporal variability of
extreme  precipitation events in  the
Metropolitan Region of Rio de Janeiro. To do

that, a climate dynamics characterization was
produced considering the spatial and temporal
variability of precipitation in the MRRJ, as well
as an extreme rainfall events characterization
with the intent to identify magnitude, frequency
and trends related to the occurrence of these
events.

An intense vulnerability to the occurrence of
exceptionalities (ABREU, 1987, CONTI, 1975;
CRUZ, 1975) is shaped on the MRRJ through
the orographic and hydrological complexity in
association with the regional atmospheric
circulation, that is, the transition between
atmospheric systems (SANTANNA NETO,
2005). It is noted that this scenario singularizes
the spatial aspect of precipitation dynamics in
the region. Therefore, it is necessary to observe
the variability and trends in magnitude,
frequency and extent of precipitation events,
considering the multiplicity of the spatial
dynamics aforementioned, in order to
understand the possible climate change impacts
on different scales.

THEORETICAL FRAMEWORK

Geographical Climatology (MONTEIRO, 1971;
1999), as well as Climate Geography
(SANT'ANNA NETO, 2001, 2008), are
configured as landmarks in geographic science
as they incorporate space as a central category.
These theoretical matrices support the idea of
space beyond a receptacle of meteorological and
climatic phenomena, but as a form of
“establishing interrelationships between
phenomena, dynamics and processes with a
space that, in this approach, has a relative
existence as its reason for being” (ARMOND,
2018, p. 96). Thus, relative space is an approach
for understanding climate phenomena — in the
present study, extreme rainfall events -
considering that the existence of both space and
climate extremes are related to each other
(HARVEY, 2015).

Furthermore, Geographical Climatology
offers central concepts that lead this
investigation. One of those 1is rhythm,
understood as the usual succession of types of
weather (MONTEIRO, 1971) that expresses the
reality of regional atmospheric systems and,
within relative space, builds a totalizing
perspective on phenomena based on the
relationship between atmospheric circulation
dynamics and space, especially regarding
geographic factors (NIMER, 1979).

Associated with that, the concept of
variability allows the observation of variations
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of magnitude, frequency and extent of climatic
events (NASCIMENTO JUNIOR, 2013). When
associated with climatic rhythm, it is possible to
identify and comprehend the fluctuation of
climatic  exceptionalities, as the usual
establishes what exceptionalities are
(MONTEIRO, 1971).

Regarding extreme events, the main focus of
this research, these are approached by
considering the accumulated precipitation value
above a certain threshold or distant from the
usual pattern (ARMOND; SANT"ANNA NETO,
2017; MENDONCA; ROSEGHINI, 2012 apud
GOUDARD, 2019; MONTEIRO, 1991;
NASCIMENTO JUNIOR, 2013).

STUDY AREA

The Metropolitan Region of Rio de Janeiro was
institutionalized in 1974, but it was in 2018 that
its current legal composition was formed with 22
municipalities. The different cycles of
occupation, which began in the metropolitan
capital, marked the urban expansion of the
MRRJ in the gradual growth to neighboring
municipalities, consolidating the
metropolization of the region (ABREU, 1987).

In order to understand precipitation
variability and, consequently, the extreme
events in the MRRJ, it is worth emphasizing the
physical-natural aspects that dictate the
spatialization of this phenomenon. The key to
this apprehension is the interaction of
geographic factors — maritime and landform,
considering the altitude and slope orientation —
among themselves and in conjunction with
dynamic factors — the regional atmospheric
dynamics.

Figure 1 — Hypsometry map (upper) and geomorphological units map (lower) of the Metropolitan
Region of Rio de Janeiro.
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The presence of lowlands, massifs and
mountains, the Guanabara and Sepetiba bays
and the extensive longitudinal coastline
compose the orographic and hydrological

complexity of the region, reflected in the
regional hypsometry that reaches more than
2,000 meters in altitude. The longitudinal
arrangement of the MRRJ provides an incursion
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of humidity from the ocean to the continent —
generally from the southern quadrant
originating in frontal systems (ARMOND, 2014;
NIMER, 1979) and the local breeze system
(DERECZYNSKI et al.,, 2009). The abrupt
ruptures of altimetric quotas and gradient of
slopes favor the orographic ascent of air that
causes its adiabatic cooling and, considering the
high relative humidity and speed of the
ascension, can create convective conditions for
rain.

In this context, the windward side of Escarpa
Serrana (6) and the Massifs (1, 2 and 4), are
identified as the highest average values of
precipitation, favored by the south quadrant
winds, usual in the MRRJ due to its longitudinal
coastal extension that provides an incursion of

humidity due to the dominance of the breeze and
frontal systems (DERECZYNSKI et al., 2009).
This dynamic occurs in the Metropolitan East,
with average annual rainfall between 1,250 and
2,600 mm, and in Rio de Janeiro, to the
windward side of the Pedra Branca and the
Tijuca Massifs, with averages between 1,200
and 1,800 mm (Figure 2) .

In lowland areas (Figure 1), to the leeward of
high topographies, there is a gradual decrease in
rainfall due to the rain shadow effect. The
Guanabara and Sepetiba lowlands stand out,
with annual rainfall between 9,00 and 1,200
mm, with averages below 1000 mm at the Penha
(28) and Piedade (29) stations in Rio de Janeiro
city (Figure 2).

Figure 2 — Spatial distribution of average rainfall in the Metropolitan Region of Rio de Janeiro (1970
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In the synoptic aspect, the influence of low
troposphere systems, such as air masses and
frontal systems — mainly Cold Fronts —,
alongside singular atmospheric systems, such as
the South Atlantic Convergence Zone (SACZ)
associated with the Continental Equatorial
Mass, the tropical instability lines, which
accompany the Cold Fronts, and the South

Atlantic Semifixed Anticyclone (ASAS) express
the complex climatic dynamics produced in the
region (NIMER, 1979; SANT'’ANNA NETO,
2005). These atmospheric systems dictate the
regional climatic seasonality that, when in
contact with local geographic factors, provides
the spatio-temporal variability of precipitation
in the MRRJ.
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METHODOLOGICAL PROCEDURES

Quantitative data relating to daily precipitation
were used, obtained from a) the HidroWeb
portal — Hydrological Information Systems of
the Agéncia Nacional de Aguas (ANA, in
Portuguese), the federal agency responsible for
the implementation of Brazilian water resources
management; b) Sistema Alerta de Cheias’
telemetric stations of the Instituto Estadual do
Ambiente (INEA, in Portuguese), the state
institute for the environment, ¢) Sistema Alerta
Rio made available by the Municipality of Rio de
Janeiro, and d) the Instituto Nacional de
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Figure 3 - Location Map

Meteorologia (National Institute of
Meteorology). In total, 48 rainfall stations were
chosen, located in the municipalities of Rio de
Janeiro, Duque de Caxias, Sdo Jodo de Meriti,
Nova Iguacu, Seropédica, Cachoeiras de
Macacu, Magé, Guapimirim and Petrdpolis,
following the criteria defined by Goudard (2019).

Data consistency is an issue in Climatology
studies due to the need for reliable historical
series. Therefore, two historical series were
established: one of greater temporality, from
1970 to 2019, with 8 rainfall stations; and a
shorter one, but with 40 posts, between 2008
and 2019.
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The percentile technique, applied to all
rainfall stations, was used to establish standard
years with the delimitation of the 1, 10, 90 and
99 percentiles, as well as to define extreme daily
events, with the 99th percentile threshold. To
define extremes, ETCCDI indexes were

generated using daily data: maximum
precipitation in 24 hours (RXlday) and
maximum precipitation in five days (RX5day),
performed through the RClimDex package in
the R software.
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Figure 4 - Flowchart of methodological procedures
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In data processing, the autocorrelation test
was previously applied to the Mann-Kendall
tests, using the ACFM period package in the R
environment. In the case of autocorrelation, the
modified Mann-Kendall test was used, using the
MODIFIEDMK package, which does not
consider the internal-natural trend of the time
series in the Mann-Kendall trend.

For trends, also in the R software, the non-
parametric tests of Mann-Kendall and of the
slope value of Sem were applied, by the trend
package, to verify the existence of a statistically
significant trend of extreme events and to
evaluate the magnitude of trends, respectively.
Pettitt's test was also applied to determine the
significance of a rupture in extreme data in the
historical series. A 95% confidence interval was
used in all tests.

Graphs were generated in Microsoft Excel
2019® software and Surfer 16 software. Maps
were made in ArcGis 10.5 software. The spatial
representation of precipitation data was
performed using the Spline Tension
interpolation method, in ArcGis software
(SOARES; FRANCISCO, 2014).

RESULTS AND DISCUSSION

Characterization and temporal variability
of precipitation

The temporal characterization of precipitation is
segmented into two analytical sections, given
the different dynamics of wvariability and
teleconnections that imply its internal
phenomena: an interannual section, based on
the analysis of standard years; and a seasonal
cut out, based on descriptive statistics. Both
observations were split into the two-time series
used.

In the interannual cutout, the standard years
highlight 1970 (with the exception of Fazenda do
Carmo, Fazenda S&ao Joaquim and Itamarati),
1974 (except for Fazenda do Carmo, Represa do
Paraiso and Itamarati), 1984 (except for
Represa do Paraiso), 1984 (except for Represa do
Paraiso) and 2014 (except for Fazenda do Carmo
and Fazenda Sao Joaquim) as dry years. For the
rainy season, the evidence for 1982 (rainy for
Represa do Paraiso), 1983 (for Imunana
Pumping Station, Fazenda Sio Joaquim,
Itamarati and Pedro do Rio), 1988 (Japuiba,
Imunana Pumping Station, Fazenda do Rio
Carmo, Itamarati and Pedro do Rio), 1992 (Rio
da Cidade) and 2009 (Japuiba, Fazenda do
Carmo and Fazenda Sio Joaquim) shows at
least one of the rain stations used as rainy or
prone to rainy (Figure 5). The decade between
1982 and 1992 is also noteworthy, as it was
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significantly rainy based on standard years. The
other years presented a usual pattern of
precipitation in most stations.

Figure 5 - Standard years in the first time series (1970-2019)
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Source: The authors (2021).

For the second series (2008 to 2019), 2014 dry and/or dry, but with less spatial expression.

stands out as a dry year as 30 out of 40 rain For the rainy season, 2009 and 2010 stand out,
stations tend to be dry or are dry, with the with a tendency to be rainy and/or rainy in 22
exception of Campo Grande, which is rainy and 24 pluviometric stations, respectively.

(Figure 6). 2015, 2016 and 2017 also registered
a significant number of posts with a tendency to
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Figure 6 - Standard years in the second time series (2008-2019)
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It 1s known that wvariability and
teleconnections are aspects that explain the
interannual variability of the aforementioned
precipitation, such as the El Nifio Southern
Oscillation (ENSO). It is noted that the years
with strong El Nino episodes (INPE, 2020) had
at least one pluviometric station as tending to be
rainy and/or rainy. This is the case of 1972/73
(Itamarati), 1982/83 (Represa do Paraiso,
Estacao de Bombeamento de Imunana, Fazenda
Sao Joaquim, Pedro do Rio), 1987/88 (Itamarati,
Japuiba, Estacdo de Bombeamento de Imunana,
Fazenda do Carmo, Itamarati e Pedro do Rio)
and 1997/98 (Fazenda Sao Joaquim).

In the seasonal cutout, the rainfall dynamics
of the MRRJ are defined by two seasons: the
rainy season, from November to April (which
corresponds to 71% of the total rainfall), and the
less rainy season, from May to October (29%).
Time periods were established through the used
stations, corroborating with Nimer (1979) and
Sant'Anna Neto (2005).

This precipitation concentration occurs due
to the strengthening of the South Atlantic
Semifixed Anticyclone (ASAS) and the
weakening of the Polar Anticyclone during
austral summer, which restricts the advance of
the Atlantic Polar Mass to higher latitudes and
allows the formation of several frontal systems
over Rio de Janeiro (ARMOND; SANT'ANNA
NETO, 2017). Frontal systems, in addition to
convective conditions, local geomorphological
characteristics and potential episodes of the
South Atlantic Convergence Zone (SACZ)
(AGUIAR, 2018; DE QUADRO et al., 2016;
SANT'ANNA NETO, 2005) cause intense rains
during the spring/summer period. Thus,
January i1s the month with the highest
concentration of precipitation throughout the
year, with 14.2% of the total volume of annual
precipitation, followed by March and December,
corresponding to 13.2% and 12.7%, respectively.
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Figure 7 - Spatial variation of the occurrence of cold fronts and warm fronts throughout four seasons
of the year, in South America.
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From April onwards, a transition period
between active atmospheric systems, the
fragility of the Polar Anticyclone blockade leads
to a decrease in the accumulated precipitation
over the MRRJ, which marks the beginning of
the less rainy season. Therefore, rainfall events
in August and July are equivalent to 3.2% and
3.8% of the total volume in the historical series.

Extreme events
RClimDex

The use of parameters generated by the
RclimDex  allows the identification  of
concentrated events, that is, the maximum
monthly rainfall accumulated in a day (RX1Day)
and persistent events, the maximum monthly
rainfall accumulated in 5 days (RX5Day)
(GOUDARD, 2019). A spatial and temporal —
interannual and seasonal - analysis of
concentrated and persistent events will be
explored.

Figure 8 - Parameters RX1Day (upper) and RX5Day (lower) by rainfall station.
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The stations with the highest values of
concentrated events are located on the
windward side of the mountain escarpment,
with event records of 204.2 mm (1976), 224 mm
(2009), 216 mm (2009) and 275.8 mm (2016)
(Figure 8) in 24 hours. The stations located on
the windward side of the coastal massifs show
significant values of RX1Day, with emphasis on
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Figure 9 - MRRJ Hypsometry Map
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Rocinha, Jardim Botanico and Copacabana with
a 241.2 mm total of accumulated rainfall (2010),
239 mm (2010) and 218 mm (2019). The lowest
values of concentrated events were recorded at
stations in the Guanabara and Sepetiba
lowlands with values below 130 mm, such as
Santa Cruz, Bangu, Vila Militar, Anchieta and
Iraja stations.
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Regarding persistent events, the largest
accumulated in 5 days is also registered in the
Metropolitan East, to the windward side of the
mountain escarpment, with more than 500 mm.
Despite the stations on the windward side of the
Tijuca Massif presenting high values for

concentrated events, the persistent events are
not as expressive when compared to the stations
in the Metropolitan East. In this area, the
Rocinha and Jardim Botéanico stations showed
the most significant persistent events, recording
415.2 mm and 395.8 mm in 2010.
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Considering temporal variability, it is
possible to perceive a correspondence in the
occurrence of concentrated and persistent
events of greater magnitudes in years that are
rainy or tend to be rainy in the analysis of the

standard years. 1982, 1983, 1988, 1992, 2009
and 2010, classified as rainy for at least one
pluviometric station of the first time series,
manifested concentrated and persistent events
of historical intensity (Figure 10).

Figure 10 - Space-time panel of the annual parameters of the RClimDex: a) First historical series
(1970-2019); b) Second historical series (2008-2019)
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However, an extreme concentration in 24
hours does not always result in a persistent
event of the same magnitude and vice versa.
Between 1988 and 1992, for example, more than
half of the pluviometric stations of the first time
series manifested concentrated events of high
magnitude, while no equally significant
persistent extremes were observed.

Regarding the spatial distribution of the
interannual variability of the concentrated and
persistent extremes (Figure 11), the same
pattern is observed: the windward zones of the
mountain escarpment and the Tijuca and Pedra
Branca massifs are areas of high magnitude
rainfall extremes. Thus, the influence of
orography on the distribution of precipitation is
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clear, also impacting the spatialization of the
extremes.

Figure 11 - Temporal distribution (2008 — 2019) of the maximum annual magnitude of concentrated
events (left) and persistent events (right).
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Source: The authors (2021).

In terms of seasonal variability, rainy season frontal systems are essential in their genesis
months show concentrated and persistent (DERECZYNSKI, 2009; MOURA et al., 2013;
extremes of greater magnitude in most rainfall NIMER, 1979; ARMOND; SANT’ANNA NETO,
stations, especially in December, January and 2017; SILVA; DERECZYNSKI, 2014), which
April (Figure 12). Studies on atmospheric may explain the high occurrence of extreme
circulation in Rio de Janeiro associated with the events in this period of the year.
occurrence of extreme rainfall indicate that
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Figure 12 - Space-time panel of the monthly parameters of the RClimDex: a) First historical series
(1970-2019); b) Second historical series (2008-2019)
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It 1s worth noting that April, a transitional
month in the regional synoptic dynamics that
leads to a decrease in precipitation,
demonstrates concentrated and persistent
events of greater magnitudes in the posts of the
1970-2019 time series. In this sense, it can be
inferred that the distribution of precipitation in
April is concentrated due to the lower average
accumulation of rainfall, compared to other
months of the rainy season, accompanied by
extremes of higher magnitudes.

Percentiles

In this section, the temporal variability of the
frequency of extremes will be analyzed following,
again, the interannual and seasonal cutouts. The
99th percentile analysis, applied to each of the

48 rainfall stations used, provides insights into
the frequency of precipitation extremes.

In the interannual variability, three cycles of
trends can be identified for the series from 1970
to 2019 (Figure 13a). The first cycle begins in the
1970s and goes on until 1987, when a lower
frequency of extremes in relation to the average
of occurrence is identified. We highlight 1984,
the year with the lowest occurrence of extremes,
with ten events. The second cycle from 1988 to
2001 shows occurrences above the temporal
average, registering years with more than 40
extreme events, confirming results on the
annual variability of extremes (ARANHA;
BRANDAO,  2007; BRANDAO,  1997;
DERECZYNSKI et al., 2013) that highlight 1996
and 1998 as years with storms of great intensity
and that “remain in the memory of the
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contemporary Carioca (people from Rio de
Janeiro) as true calamities” (BRANDAO, 1997).
The third cycle, from 2002 to 2019, does not show
a homogeneous pattern in the frequency of
extremes, with years of intense (2009) and low

tending to be rainy and dry, respectively. Data
from the second historical series (2008 to 2019)
(Figure 13d) corroborate the third cycle
identified above, with emphasis on the years
2009 and 2010 with positive occurrences in

(2015) occurrence of extremes, identified as relation to the average.

Figure 13 - Temporal distribution of extreme events (P99) for the first historical series (1970-2019):

a) Annual Standardized Index; b) Monthly Accumulated; ¢) Quarterly Accumulated; and for the
second historical series (2008-2019): d) Annual Standardized Index; ) Monthly accrued; f)
Accumulated Quarterly.

Extreme Events Standardized Index (1970 -2019) =0.0192

250 a)
2.00

150
1.00

|-
e

0.50

I! R T

0.00

-0

n
=}

...... I - | II. .. III L I
-1.00 I I I
-1.50
-2.00
-2.50

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1590 1992 1594 1596 1598 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Total Extreme Events per Month (1970 - 2019)

. : b) C)

800

600
195
400
200 I
: .

Total Extreme Events per Trimester (1970 - 2019)
816 821

571
280 I

300
200

303

200 192

II98

100

Q

13

29 46
- N

JAN FEE MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JFM FMA MAM AMJ MIJJ JJA JAS ASO SON OND NDJ DJF
d Extreme Events Standardized Index (2008 - 2019) R*=0.039
2.00 )
150
1.00
050 I
000 - e, IILTT TR B IR RS .
i M
-1.00
-1.50
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
e) Total Extreme Events per Month (2008 - 2019) f) Total Extreme Events per Trimester (2008 - 2019)
400 865

800

785
627
239 6
138 400 334
200
38 43 39 40
[ - —nn 0

JFM
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

=3
S

=}

Q

1057470
II-I

Ml

FMA MAM AMI JJA JAS ASO SON OND NDJ DIF

Source: The authors (2021).

Soc. Nat. | Uberlandia, MG | v.34 | 64770 | 2022 | ISSN 1982-4513

14



LIMA; ARMOND

Rainfall in Metropolitan Region

Thus, there is an immediate relationship
between the frequency of extremes and the
classification of standard years, as observed in
1988 and 2009, standard rainy years for at least
one rainfall station, and with a high occurrence
of extreme rainfall events. Regarding the
relationship between frequency (percentile) and
magnitude (RClimDex), years with a high
frequency of extremes, such as 1973, 1988, 1996,
1998, 2009 and 2010, manifested concentrated
and persistent events of high magnitude.

Concerning seasonal distribution, the rainy
season registers a higher frequency of extreme
events, as well as a higher concentration of
concentrated and persistent events of greater
magnitude. In the first time series (1970-2019),
the months with the highest frequency of
extremes (Figure 13b) correspond to the months
of the highest magnitude events (in the case of
December and January), with a record of

accumulated totals of 223.90 mm (Fazenda Sao
Joaquim) in 24 hours, and a total accumulated in
5 days of 519.80 mm (Fazenda do Carmo) in
January. The same relationship cannot be
established for the second time series as, despite
January and March registering more
occurrences of extremes (Figure 13e), April
manifested concentrated and persistent events
of greater magnitude.

Trends

Concerning the total number of extreme events
per year, there was a trend towards an increase
in the frequency of extremes in the eastern
portion of Guanabara Bay, and a negative trend
in the north of this geomorphological unit, in the
surroundings of the mountain escarpment
(Figure 14).

Figure 14 -Trend (upper) and magnitude (lower) for the annual total of extreme events
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Considering concentrated events, the events, two trends of decreasing intensity of

Metropolitan East shows a positive trend near
the Guanabara lowland and a negative trend in
the mountainous escarpment. For persistent

these events were identified to the northeast
and northwest of the MRRJ.
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The pluviometric stations and historical
series used, as well as the applied methodology,
are factors that can explain the results.
Furthermore, the literature demonstrates that
rainfall trends are less significant and have a
less defined spatial pattern when compared to
temperature trends, given the greater spatial
and temporal variability of precipitation data
(BEZERRA et al, 2019).

FINAL CONSIDERATIONS

Based on a dynamic approach to climate
through the theoretical-methodological matrix
of Monteiro's Geographical Climatology, space,
understood as a relative space, was a
structuring concept in the development of this
paper due to its possibility of incorporating
spatial elements in the interpretation of
extreme precipitation events. Understanding
the phenomenon in a relational way, associating
it with the elements that compose the MRRJ,
allows the geographical approach of extreme
events.

For spatial variability, it is evident that
altitude, slope orientation and sea level are

essential spatial elements in regional rainfall
distribution. The windward areas of high
altitudes — mountain escarpments and inland
and coastal massifs — register the highest
volumes of rainfall, as well as the extremes of
greater magnitude, while the areas to the
leeward of these geomorphological units and on
the lowlands have significantly lower
precipitation volumes.

In terms of temporal variability, the
interannual cutout showed that 1988 and 2009,
standard rainy years for at least one
pluviometric station, were years with a high
frequency of extremes, and concentrated and
persistent events of intense magnitude. In
opposition, 1984 was a dry standard year (in 6
out of the 8 rainfall stations in the first series)
and presented events of lower intensity,
concentrated and persistent, as well as having a
lower frequency of events, considering the 99th
percentile.

In seasonal variability, approximately 90% of
the extremes occurred in the rainy season
months (November to April), especially
December, January and March. Regarding the
magnitude, December and January show
concentrated and persistent events of high
magnitudes, but April has the highest number
of pluviometric stations with the most intense
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events, which demonstrates the time
concentration of rain.

Regarding trends, 6 trends were identified —
4 negative and 2 positive — accounting for the
three variables applied. The trends were
manifested in the northeast, north and
northwest portions of the MRRJ.

The present article, therefore, sought to
characterize  rainfall dynamics of the
Metropolitan Region of Rio de Janeiro, with
emphasis on the analysis of the spatial and
temporal variability of rainfall and extreme
events in the region. Thus, the complexity given
to the phenomenon of extreme precipitation
events is not only in its strictly physical-
atmospheric character, but also in the space —
full of complexities — in which it impacts. In this
sense, when analyzing the range of indices used
in this article, it is important to consider the
geographic factors that affect and shape rainfall
in the MRRJ.
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