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ABSTRACT: The research on precipitation is related to analysis of its spatiotemporal
variability using daily, monthly and annual data. However, there is a scarcity in the
availability of information on how this variable is distributed over the hours of the day.
Thus, the objective of this study was to analyze the intensity and hourly patterns of
precipitation in Cuiaba in the State of Mato Grosso. Precipitation data were collected at
the Cuiaba weather station of the National Institute of Meteorology from 2003 to 2018.
The relative frequency of hourly precipitation was analyzed by the Spiegel method. The
relative frequency of precipitation in wet season was high in the afternoon from 16:00 h
(6.2%) to 17:00 h (5.9%) and low in the morning from 10:00 (3.0%) to 11:00 (2.8%).
The relative frequency of precipitation during the dry season was high at 05:00 h (5.0%)
and 17:00 h (5.4%) and low from 12:00 h (2.6%) and 13:00 h (2.2%). In general, the
intensity of precipitation in the region was predominantly weak, followed by moderate,
strong and very strong. The precipitation events in Cuiaba generally occur in the late
afternoon, resulting from convective activity in the region.
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PADROES DE PRECIPI TAC/Z\O HORARIA EM UMA CIDADE TROPICAL BRASILEIRA

RESUMO: As pesquisas sobre precipitacdo estdo relacionadas a andlises de sua
variabilidade espaco-temporal utilizando dados diarios, mensais e anuais. No entanto, ha
uma escassez na disponibilidade de informacgdes sobre como esta variavel se distribui ao
longo das horas do dia. Desta forma, o objetivo deste estudo foi analisar a intensidade e
a variabilidade horaria da precipitacdo na cidade de Cuiaba no Estado de Mato Grosso. Os
dados de precipitagcdo foram coletados na estacao meteorologica de Cuiaba do Instituto
Nacional de Meteorologia de 2003 a 2018. A frequéncia relativa horaria de precipitacao
foi analisada pelo método de Spiegel. A frequéncia relativa da precipitacdo no periodo
chuvoso foi maior a tarde das 16:00 h (6.2%) as 17:00h (5.9%) e a menor na manha
das 10:00h (3.0%) as 11:00h (2.8%). A frequéncia relativa da precipitacdo durante o
periodo seco foi maior as 05:00 h (5.0%) e as 17:00 h (5.4%) e menor de 12:00 h
(2.6%) a 13:00 h (2.2%). Em geral, a intensidade da precipitagdo na regido foi de
predominantemente fraca, seguida de moderada, forte e muito forte. Os eventos de
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precipitacdo em Cuiaba ocorrem geralmente no final da tarde, resultante de atividade
convectiva na regiao

PALAVRAS-CHAVE: climatologia urbana, frequéncia relativa de chuva,
intensidade de chuva.

INTRODUCTION

Cuiaba is the capital of the State of Mato Grosso and is in a transition
region between the Cerrado and Pantanal biomes. Its economy is based on
agribusiness (agriculture and livestock) (MACHADO et al., 2015b), which is
affected by the of climate variables pattern. The variability of precipitation (Ppt)
is a factor of great importance for the development of the region’s economy,
and the excess or lack of Ppt can cause large-scale damage to the state
economy (DALLACORT et al., 2011).

Ppt is defined as the deposition of all of forms of water particles from the
atmosphere (MARENGO et al., 2001) and it is considered as a determinant agent
of environmental dynamics (GIRAO and CORREA, 2004; SANTOS et al., 2019).
It acts as a major factor in the hydrological cycle, directly driving the physical,
chemical and biological processes within the soil-plant-atmosphere system (FU
et al., 2016). Thus, Ppt presents itself as a meteorological variable of great
spatiotemporal variability (MACHADO et al., 2015a).

Most research on Ppt is related to analyzes of its spatiotemporal
variability using daily, monthly and annual data (TRENBERTH and ZHANG,
2017). However, the information of hourly pattern of precipitation is scarce
(PEDREIRA JUNIOR et al., 2018). The intermittent nature of precipitation
highlights the need to quantify characteristics on time scales such as frequency,
intensity and duration (TRENBERTH et al., 2017).

Studies of hourly Ppt pattern can provide important information to
researchers, such as possible trends throughout the day, which are not
observed in daily, monthly, or annual scale measurements (BROWN et al.,
2018). The use of these information provides a better local view of the complex
variability of Ppt (BURAUSKAITE-HARJU et al., 2012), and to measure the
impacts on the soil, agricultural planning, runoff, degradation and water
availability (WESTRA et al., 2013; JOSHI et al., 2019).

The knowledge of the intensity of Ppt events pattern is essential, not only
in natural areas but also in urban areas (BECK et al., 2015). It supports studies
on how the Ppt can affect urban safety and well-being, especially in risk areas
(GAO et al., 2016). This information can be used by decision making regarding
drainage plans, flood prediction and environmental disasters resulting from
precipitation accumulation, what can minimize economic and social impacts
(SENTELHAS et al., 1998; CECILIO et al., 2009).

Recent studies in the Southern Amazon (PEDREIRA JUNIOR et al., 2018),
Northern Rondénia (SANTOS NETO et al., 2014) and Southern United States
(BROWN et al., 2018) have collaborated to better understand the hourly relative
frequency and intensity of precipitation in urban and rural environment. In this
context, studies of this nature are of great importance for the metropolitan
region of Cuiabd. Therefore, the objective of this study was to analyze the
hourly relative frequency and intensity of precipitation in Cuiaba, Mato Grosso.
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MATERIALS AND METHODS
STUDY AREA

Cuiaba (Figure 1) is situated in the South-Central portion of Mato Grosso
(15°35'S, 56°07'W and 151m of altitude). The region’s climate is Aw (hot and
humid) according to the Képpen classification, with wet season from October to
April and dry season from May to September (CHIARANDA et al., 2012). The
average annual precipitation is 1335 mm year-1 (MACHADO et al., 2015b).
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Figure 1 - Location of the automatic weather station of National Meteorological Institute
(INMET) in Cuiabd, Mato Grosso, Brazil.

DATA

Ppt were collected from 2003 to 2018 (16 years) by a rain gauge
(QMR102, Vaisala) installed in the automatic weather station of Cuiaba (15.55 °
S, 56.06 ° W and 242m) from the National Meteorological Institute (INMET).
The Climatological Normal (NC) used for comparison with the studied period was
from 1961-1990 provided by INMET.

DATA PROCESSING

The Relative Frequency (RF%) of Ppt was determined by the method
proposed by Spiegel (1972) (Equation 1).

RF (%) = 2% x 100 (1)

F(24)
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where RF (%) is the Relative Frequency of Ppt, F(h) the amount of Ppt events
that occurred at each time and F(24) is the 24-hour Ppt occurrence count over
the entire period analyzed. Only Ppt events > 0.2 mm h™! were the events
considered in the analyzes.

Data were organized by hydrological periods (wet and dry) and seasons
(summer, fall, winter and spring). The Rain Intensity (RI) was classified
according to Minuzzi and Sediyama (2004) as recommended by the World
Meteorological Organization (WMO) (Table 1).

Table 1 - Rain Intensity (RI) classification (MINUZZI and SEDIYAMA, 2004).

Categories RI (mm h)
Weak rain 1.1< RI £5.0
Moderate rain 5.1 <RI £ 25.0

Strong rain 25.1 <RI £50.0
Very Strong rain RI > 50.1

STATISTICAL ANALYSIS

The average of daily totals (X day), means of monthly totals (X month)
and maximum (Max) and minimum (Min) values were used to verify and
summarize the pattern of the Ppt time series. Data asymmetry (As) was
evaluated by Equation 2.

n X]')_(3
As:(n-l)(n-Z)Z[DP] ()

where n is the number of observations, X; is the measured Ppt value and X is the
average of the Ppt values.

Measurement of data dispersion within a sample with respect to the
mean was performed by Standard Deviation (SD) (Equation 3).

SD = ’M (3)
n-1

The variation of the sample mean in relation to the series mean was
made by the Standard Error (SE) (Equation 4).
SE = 5D 4
- \/ﬁ ( )
The dispersion measure to characterize the degree of flathess of the
distribution curve of a set of measurements was given by Kurtosis (K) (Equation
5).

1< [Xi - X1*
K=HZ[SD]-3 (3)

Median (MD) was used to find the value that occupies the central position
and to look for trends in the data series (Equation 6).
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+1
MD=(n2 ), if n is odd
n n (6)
=)+ (5 +1
MD = (2) (22 ), if n is even

The data dispersion measure was calculated by the variance (Var)
(Equation 7), which indicates how far their values are from the expected value
(mean).

Var = S (Xi-X)° (7)
n-1

RESULTS AND DISCUSSIONS

The annual average of Ppt during the study period was 1401 mm vy,
with maximum in 2009 (1651.4 mm y!) and minimum in 2005 (1002.8 mm y~
). There were anomalies on Ppt when comparing to the Climatological Normal
(CN) (1961-1990) of INMET. The annual Ppt average was 4.4% higher than CN.
The wet season was 5.8% longer than the wet season of CN and the dry season
was 6.8% shorter than the dry season of CN (Figure 2). These differences are
consequences of irregularity in several atmospheric systems operating in the
region (MARCUZZO et al., 2012).

The interannual variability of Ppt in the region may be correlated to
large-scale phenomena such as El Nino Southern Oscillation (ENSO). The action
of this phenomenon induces changes in the patterns of atmospheric circulation,
caused due to the cooling or abnormal heating of the waters of the Tropical
Pacific Ocean and, consequently, influences the rainfall in tropical and mid-
latitude regions (GRIMM et al., 2003; 2009).
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Figure 2 - Monthly precipitation mean from 2003 to 2018 and Climatological Normal

(CN) from 1961 to 1990 provided by the National Institute of Meteorology (INMET) in
Cuiaba, Mato Grosso, Brazil.
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Ppt data had positive asymmetry, which indicates that most Ppt events
had low intensity (Table 2). The highest SEs occurred in the dry season and the
highest SDs in the wet months (January, March and October). Kurtosis was
positive in all months, which indicate regularity of Ppt events. The largest
dispersion values between the data (variance) were occurred in October. This
month is the winter-spring transition period, where there is a resumption of
strong convective activities in the region (MARCUZZO et al., 2011).

Table 2 - Descriptive statistics of daily average precipitation data from 2003 to 2018 in
Cuiaba, Mato Grosso State, Brazil. Climatological Normal (CN); Monthly Average (Xonn);
Daily Average (X4q,); Asymmetry (As); Standard Deviation (SD); Standard Error (SE);
Kurtosis (K); Median (MD); Variance (Var); Maximum (Max); Minimum (Min).

Month CN Xmonth Xaay As SD SE K MD Var Max Min

Jan 247.5 229.9 11.7 2.9 16.2 0.9 11.7 54 261.3 124.3 0.2
Feb 220.4 248.0 13.7 2.6 175 1.0 87 7.0 307.7 1189 0.2
Mar 217.5 211.9 12.8 2.8 185 1.1 9.6 5.1 342.6 127.9 0.2

Apr 117.8 98.9 9.3 2.3 114 09 6.0 46 131.1 634 0.2
May 50.4 43.8 10.6 3.2 156 1.9 124 4.4 2434 87.3 0.2
Jun 19.4 14.8 5.9 1.8 7.5 1.3 2.9 2.2 56.9 29.8 0.2
Jul 16.0 18.3 7.4 1.6 105 19 1.7 1.7 109.9 39.9 0.2
Aug 22.1 24.0 86 4.1 151 29 189 52 228.0 79.2 0.2
Sep 51.3 35.3 8.0 3.8 13.0 1.5 18.8 3.2 168.2 86.0 0.2
Oct 114 106.0 11.3 3.2 183 1.5 120 5.1 333.9 118.2 0.2
Nov 1729 190.0 14.7 18 17.1 1.2 3.6 7.3 293.8 854 0.2
Dec 205.2 180.3 10.8 2.2 14.0 0.9 5.3 54 1974 73.7 0.2

There were on average 112 wet days and 242 dry days (Figure 3A). The
highest number of wet days (164 days) occurred in 2008 and the highest
number of dry days (276 days) occurred in 2005 (76.6% of the year). The high
number of wet days in 2008 was due to the occurrence of a strong La Nifa
event during wet months in the region. On the other hand, an El Nifio event
minimized the frequency of Ppt events in the wet season of 2005 in the region.
On average, the wettest months were from December to February, and the
driest months were from June to August (Figure 3B).
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Figure 3 - Interannual (A) and monthly (B) number of dry and wet days in Cuiaba, Mato
Grosso, Brazil.

The higher RF of Ppt in the wet season occurred in the afternoon from
16:00 h (6.2%) to 17:00 h (5.9%), and the lower from 10:00 h (3.0%) to
11:00 h (2.8%) (Figure 4). The occurrence of Ppt events in the afternoon during
the wet season is due to the interaction between meteorological systems with
tropical and extratropical characteristics and the equatorial fronts of the
Amazon, North and Northeast Instabilities, North and Northwest Instabilities and
mainly the South Atlantic Convergence Zone (SACZ) and the Bolivian High (BH)
(RAMOS et al., 2017). Those systems act in combination of the moisture
transport and local convection (ALVES, 2009; QUERINO et al., 2017).

BH contributes significantly to the occurrence of Ppt in the region (SILVA
et al., 2008). It is an anticyclone at high atmospheric levels resulting from the
marked release of latent heat associated with intense convection in the Bolivian
highland region (NOBRE et al., 2009). SACZ is also one of the most important
synoptic systems that cause Ppt in the region, and may lead to high rainfall
(MACHADO et al., 2015b). It is defined as a band of cloudiness and moisture
convergence that extends from the Amazon to the southeast of the country with
a semi-stationary character, causing wet days (SILVA et al., 2019).

The higher RF of Ppt in the dry season occurred in at 5:00 h (5.0%) and
in the afternoon from 17:00 h (5.4%) to 18:00 h (5.0%), and the lower at noon
from 12:00 h (2.6%) to 13:00 h (2.2%) and at night 22:00 h (3.1%) (Figure 4).
The Ppt during the dry season is also related to convective activity and frontal
systems (PINTO et al., 2009). During this season, the patterns of atmospheric
circulation is changed, in which the air movements induce the rise of the Atlantic
Tropical Anticyclone (high pressure) to the center of the South American
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continent, reaching Mato Grosso with maximum intensity from July to
September. These movements cause changes in the thermodynamic properties
of air and decrease the amount of Ppt events (MARCUZZO et al., 2011).
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Figure 4 - Relative frequency of precipitation from 2003 to 2018 in Cuiaba, Mato Grosso,
Brazil.

The weak rain occurred during more than 60% of all four seasons (Table
3). Only 7 Ppt events were classified as very strong rain throughout the study
period: 2 in summer, 2 in fall, and 3 in spring.

There is a large increase in the availability of energy and humidity in the
region during spring, which progressively intensifies the convection process,
which may cause rain showers in the afternoon and evening (CPTEC/INPE,
2011). The strong rain events in winter are associated with incursions of cold
southern fronts (CAVALCANTI and KOUSKY, 2009). In addition, there are
influence of lines of instability from the Amazon due to the formation of a line of
cumulus-nimbus that cause strong rains in the afternoon during spring and
summer (ALCANTARA, 2011).
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Table 3 - Mean of number of Ppt events (£ 95% confidence interval) of weak (WK),
moderate (MO), strong (ST) and very strong (VST) rain events during the four seasons
from 2003 to 2018 in Cuiaba, Mato Grosso, Brazil.

WK MO SO VST

Season Events (%) Events (%) Events (%) Events (%)

Summer 35.1+3.6 68.1 14.8+3.0 28.8 1.5+0.7 2.9 0.08+0.0 0.2
Fall 11.8+#1.9 63.1 6.3£1.7 34.0 0.4%£0.2 2.4 0.08+0.0 0.4
Winter 3.8+0.7 73.8 1.2+0.6 24.6 0.08+0.0 1.6 0.0+£0.0 0.0

Spring 24.0+£3.0 64.2 11.9+2.3 31.9 1.3+£0.5 3.6 0.125%0.1 0.3

Weak and moderate rain was predominant in the region during all four
seasons, spreading throughout the daytime and some peaks take place in the
afternoon (Figure 5). In general, strong and very strong rain events occurred in
the afternoon and evening. The peak of strong rain during the winter was
recorded on August 25, 2009 as a result of the action of a trough between high
and medium levels of the atmosphere, positioned between the south of the
North, Midwest and Southeast, which provided support for the formation of a
moisture convergence zone that reinforced Ppt events in the region
(CPTEC/INPE, 2009).
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Figure 5 - Density distribution of precipitation per hour during the Summer (A), Fall (B),
Winter (C) and Spring (D) from 2003 to 2018 in Cuiaba, Mato Grosso, Brazil.

The RF of Ppt during the summer was higher in the afternoon from 15:00
h (5.6%) and 16:00 h (6.1%), and lower at 23:00 h (3.2%) and 11:00 h
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(2.9%) (Figure 4). This temporal distribution of Ppt occurs due to the action of
the Continental Equatorial Mass (mEc) characterized as a zone of low pressure
and humidity concentration, which provides strong convective activities and
formation of clouds with great vertical development (PEREIRA et al., 2013). Its
genesis begins in low pressure areas in the Amazon region, due to the wide
availability of humidity, latent heat and convergence of the Atlantic winds in the
SE direction (NIMER, 1989). Episodes of SACZ and BH are quite recurrent during
this period, inducing high rainfall in the region mainly in the afternoon due to
the high convective activity.

The RF of Ppt during fall was higher in late afternoon between from
16:00 h (5.8%) to 17:00 h (6.1%), and lower near noon from 11:00 h and
12:00 h (2.7%) (Figure 4). During fall, there is the influence of the Tropical
Atlantic Anticyclone, which is related to the advanced of the Subtropical High
pressure system into the continent. This system act in conjunction with the
Amazonian Equatorial High pressure and operating as a center of subsidence
inhibiting convection and favoring high temperatures and low humidity (SETTE,
2005).

The RF of Ppt during the winter was higher in the evening at 23:00 h
(5.3%) and early in the morning at 03:00 h (5.5%) and 05:00 h (5.5%) and
lower in the afternoon at 12:00 h (2.9%), 13:00 h (1.8%), 14:00 h (2.4%),
15:00 h (2.6%) (Figure 4). This pattern of RF of Ppt during winter is a result of
the incursion of cold fronts of polar origin, locally called “friagens”, which cause
Ppt events and temperature drop (MARENGO and NOBRE, 2009; BIUDES et al.,
2012).

The RF of Ppt during the spring was higher in the afternoon at 16:00 h
(6.2%), 17:00 h (6.8%) and 18:00 h (6.0%), and lower near noon at 10:00 h
(3.1%), 11:00 h (2.9%) and 12:00 h (3.2%) (Figure 4). Spring is a winter-
summer transition season, when occurs an inversion in atmospheric circulatory
patterns. The Subtropical High pressure system, which was acting into the
continent, is weakened and replaced by the surface Low Pressure system, which
further the convection and vertical moisture transport increasing cloudiness and
beginning the wet season in the region (SETTE, 2005).

The results of this study differ from studies on the Southern Amazon
region, which observed high RF of Ppt in the morning (summer and fall) and in
the afternoon (winter and spring) (PEDREIRA JUNIOR et al., 2018). The RF of
Ppt in a rainforest of the Amazon is high in the late afternoon and in the evening
and low in the morning (COSTA et al., 2018). The higher RF of Ppt in Rondbnia
occurs in the afternoon and the lower ones occurs in the morning (SANTOS
NETO et al., 2014).

CONCLUSIONS

The RF of Ppt in Cuiabd from 2003 to 2018 were more frequent in the
late afternoon (summer, fall and spring) and early in the morning (winter). The
RI more frequent (higher than 60%) was low weak, followed by moderate and
strong. Only 7 Ppt events with intensity higher than 50 mm h-1 (summer, fall
and spring) were recorded.
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