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ABSTRACT

The global and Amazon climate change, mainly in rainfall, due to the El Nifio and LLa Nind phenomena. The objective of this study
was to analyze the relative frequency (RF) of rainfall, in different periods of the day, during occurrences of El Nifio, La Nifia events
and neutrality condition. The research was carried out in the Southern mesoregion of the state of Amazonas (Apui, Boca do Acre,
Labrea, Manicoré and Humaité). Data were analyzed by the Spiegel s method. The rainfall data were obtained from the Global Land
Data Assimilation database from January 1st, 2000 to December 31st, 2018. Data were made available every three hours and integrated
into six hours. RF of rainfall was higher in the afternoon in Lla Nifia, Neutro and El Niflo years in all municipalities. The RF in La
Nifla year was higher than during El Nifio. The RF during the Neutral year was higher than during El Nifio in Apui and Boca do
Acre, and had no difference in Labrea, Manicoré and Humaita. The rainfall in the southern Amazon mesoregion was more frequent
during the afternoon.

Keywords: Amazon; ENSO; GLDAS.

RESUMO

O clima global e amazonico softre alteracoes, principalmente na precipitagdao, em decorréncia dos fen6menos El Nifio e La Nina.
O objetivo deste trabalho foi analisar a frequéncia relativa da precipitacao, em diferentes periodos do dia, durante ocorréncias de
eventos de El Nifio, La Nifia e em condicio de neutralidade. A pesquisa foi realizada na mesorregiao Sul do estado do Amazonas
(Apui, Boca do Acre, Liabrea, Manicoré e Humaita). Os dados foram analisados pelo método proposto por Spiegel. Os dados foram
obtidos a partir da base de dados da Global Land Data Assimilation (01/01/2000 a 31/12/2018). Os dados foram disponibilizados a
cada trés horas e integralizados em seis horas. A frequéncia relativa da precipitacio foi maior no perfodo da tarde nos anos de La Nifia,
Neutro e El Nifio em todos os municipios. Houve uma superioridade da frequéncia relativa durante os anos de ocorréncia de eventos
La Nifia quando comparados ao El Nifio. Em Apui e Boca do Acre ocorreu uma superioridade na quantidade de eventos durante
o ano Neutro em relacio ao El Nifio, enquanto em Labrea, Manicoré e Humaita nao houve mudanca. Por fim, a precipitacio nos
municipios da mesorregiao Sul do Amazonas ¢ frequente durante os perfodos da tarde.

Palavras-chave: Amazonia; ENOS; GLDAS.
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INTRODUCTION

The Amazon has one of the longest hot and humid
areas on the planet with rainfall rates higher than 2000 mm ano™!
(Marengo & Nobre, 2009; Limberger & Silva, 2016). On the other
hand, the southern portion of the state of Amazonas has average
by 2300 mm ano™ (Instituto Nacional de Meteorologia, 2009).
These high volumes of rainfall in the South Amazon mesoregion
are due to general atmospheric circulation, latitudinal location
and the dynamics of various meteorological systems (Franca
& Mendonga, 2016). However, the rainfall patterns and local
climate of the Southern Amazon may be affected due to increased
deforestation of large areas (Fearnside, 2005; Artaxo et al., 2009)
and changes in the dynamics of ocean-atmosphere interaction,
such as those caused by El Nifio Southern Oscillation (ENSO)
(Ferreira et al., 2013).

ENSO are positive (El Nifio) or negative (LLa Nifa)
anomalies in Pacific Ocean Surface Temperature (TSM) and cause
fluctuations in atmospheric pressure at sea level (Tedeschi et al.,
2015). This fluctuation of atmospheric pressure provides variation
in atmospheric circulation, and consequently droughts, floods
and global climate variation due to intensification of extreme
events and change in the frequency of rainfall events (Li et al.,
2011; Ferreira et al., 2013; Tanaka et al., 2014; Jacques-Coper &
Garreaud, 2015; Sun et al., 2015; Marengo & Espinoza, 2016;
Shimizu et al., 2017; Rao & Ren, 2017).

Relative Frequency (RF) of rainfall studies provide important
information and provide a better understanding of rainfall variability
and distribution (Burauskaite-Harju et al., 2012). RF allows to
determine the standard period of rainfall throughout the day for
a given region, which is not found in analyzes of daily, monthly or
annual average totals (Brown et al., 2018). This information also
serves as support for studies on soil impacts, runoff, agricultural
planning, degradation and water availability (Westra et al., 2013;
Joshi et al., 2019).

Daytime variation of rainfall in the Amazon basin has been
studied by several authors in recent years, such as Cutrim et al. (2000),
Angelis et al. (2004), Funatsu et al. (2012), Santos Neto et al. (2014),
Tanaka et al. (2014), Costa et al. (2018) and Pedreira Junior et al.
(2018). These studies have shown differences in the frequency of
rain events in several sectors of the basin. However, studies on
the influence of ENSO phenomena on rainfall RF seasonality in
the southern Amazon mesoregion are limited or even nonexistent.

The lack of such studies in the Amazon basin is due to the
scarcity and heterogeneity of weather stations, especially regarding
data access and the high number of failures (Ronchail et al., 2002;
Debortoli et al., 2015; Santos et al., 2019). Data estimated by the
Global Land Data Assimilation System (GLDAS) enable studies
on the spatiotemporal variation of meteorological variables, as this
product was developed from advanced land surface modeling and
data assimilation methods (Rodell et al., 2004). GLDAS product
data are accurate by integrating observation data with numerical
models and reanalysis (Rodell et al., 2004; Mei & Wang, 2012).

Due to the importance of knowing the temporal distribution
of precipitation, as well as the influence of ENSO on precipitation
in southern Amazonas, it is necessary to evaluate the RF pattern
of precipitation in this region. Understanding the seasonal pattern
and at which time of day precipitation occurs contributes to solving
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various problems in urban planning, water resources planning
and agricultural planning in the region. Thus, the objective of
this work was to analyze the relative frequency of precipitation
in the southern Amazon mesoregion in years of neutrality and
occurrence of El Nifio and La Nifia events.

MATERIAL AND METHODS

Study area

The rainfall data were estimated in the municipalities
of Apui (AP; 7.20° S, 59.88° W and 135 m), Boca do Acre
(BA;8.77°S,67.33° W and 116 m), Labrea (LB; 7.26° S, 64.78° W
and 75 m), Manicoré (MN; 5.78° S, 61.28° W and 45 m) and
Humaitd (HT; 7.55° S, 63.07° W and 58m) which are located in the
southern mesoregion of Amazonas State (Figure 1). The climate
of the region is classified as humid (AP, BA, HT e LLB) and super
humid (MN), with moderate or no water deficiency in winter, and
three distinct periods: wet (October to April), transition (May and
September) and dry (June to August) (Martins, 2019).

Rainfall data

Rainfall data of 0.2 mm or greater between January 1st,
2000 and December 31st, 2018 (19 years) of the Global Land Data
Assimilation (GLDAS_NOAHO025_3H_v2.1) product were obtained
of National Aeronautics and Space Administration (2019). This
product provides rainfall on a spatial scale of 0.25° and 3 hour
of temporal resolution.

Rainfall time has been converted to local time (UTC/GMT-4).
Subsequently, data were tabulated according to the total number
of rainfall events recorded by the number of events occurring
for each period of the day, considering Dawn (02h00 and 05h00),
Morning (08h00 and 11h00), Afternoon (14h00 and 17h00) and
Night (20h00 and 23h00).

The years of neutrality (January 1st, 2013 to December
31st, 2013), El Nino events (January 1st, 2015 to December 31st,
2015) and La Nifia events (January 1st, 2000 to December 31st,
2000) were defined according to the Climate Prediction Center
(National Weather Service, 2019). These years were chosen because
they presented anomalies over twelve consecutive months.

Analysis data

Data were analyzed based on Relative Frequency (RF%)
of rainfall (Spiegel, 1972) (Equation 1). Subsequently, data were
compared between the different periods of the day, seasons
(summer, autumn, winter, and spring, or wet and dry).

RE(%) :% % 100 M

where F(6h) is a number of events every three hours later integrated
into six hours (period of the day); F(n) the number of events
during the day throughout the analyzed period.
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Figure 1. Location of municipalities of Apui (AP), Boca do Acre (BA), Labrea (LB), Manicoré (MN) and Humaita (HT) in the southern

mesoregion of the state of Amazonas, Brazil.

RESULTS AND DISCUSSION

Monthly rainfall in Apui (AP) was higher than in other
locations during the wet (Figure 2). It was caused by meteorological
systems such as the South Atlantic convergence zone (SACZ),
Instability Line (IL), Bolivian high (BH), Frontal systems (colds),
and mainly because it is located at higher altitudes (Martins et al.,
2018).

SACZ is defined as a cloud band that extends from
the Amazon to the southeast of the country, resulting from
the interaction between various meteorological systems and
provides a prolonged period of frequent and heavy rain (Pedreira
Junior etal., 2018). ILs form on the Atlantic coast of the Amazon
and move west, causing precipitation in the region (Loureiro et al.,
2014). BH is a high atmospheric anticyclone resulting from the
marked release of latent heat associated with intense convection
in the Bolivian highland region (Franca & Mendonga, 2016).
The frontal systems reach the southern Amazon and reach low
latitudes, causing precipitation and temperature drop (Santos
Neto et al., 2014).

Rainfall in Manicoré (MN) had a greater disparity than other
location during the dry season (Figure 2). This disparity was due
to its greater proximity to the Equator which receives more solar
radiation and favors the transport of latent heat and humidity
(Martins, 2019), since 35% of the rain volume comes from local
water steam (Satyamurty et al., 2012). In addition, Manicoré which
is at 5° latitude receives more influence from the Inter Tropical
Convergence Zone (ITCZ) than other locations. During this
petiod, the ITCZ is positioned further south, and along with the
IL spread inland, providing greater rainfall volumes compared to
other locations (Amanajis & Braga, 2012).

A total of 41.663 rainfall events were recorded for all
municipalities analyzed during the summer. This significant
number of rainfall events occur because the summer coincides
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Figure 2. Monthly accumulated rainfall in Apui (AP), Boca do
Acre (BA), Humaita (HT), Labrea (LB) and Manicoré (MN) from
January 2000 to December 2018.
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with the region’s wet season, which extends from October to
March, characterized by the performance of meteorological
systems (SACZ, ITCZ, BH and Frontal systems), as well as, by the
largest amount of radiation emitted to the Southern Hemisphere,
which causes intense convective activity over the region (Pedreira
Junior et al., 2018).

The relative frequency (RF) of rainfall was higher in the
afternoon (AP = 36%, BA = 27%, LB = 28%, MN = 27% and
HT = 29%) in all locations during summer (Figure 3). It is a result
of the intense convective activity that acts over the entire Amazon
region, in which part of the energy for rain formation is generated
by the surface latent heat flux (Carvalho et al., 2012). The lowest
RFs were recorded throughout the morning and morning in all
location (Figure 3).

A total of 28.683 rainfall events in fall were concentrated
in the afternoon (AP = 40%, BA = 28%, LB = 29%, MN = 34%
and HT = 33%) in all locations (Figure 3). However, the rains
in fall were less present during dawn (AP = 14%, LB = 23% ¢
HT = 20%) and morning (BA = 23% e¢ MN = 18%) (Figure 3).
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Figure 3. Relative Frequency (%) of rainfall on different periods of the day in the summer, fall, winter and spring seasons in Apui
(AP), Boca do Acre (BA), Humaita (HT), Labrea (LB) and Manicoré (MN).

Only 9.398 of rainfall events occurred in winter. This
small number of events during winter is due to occurrence of the
dry period of the region (Santos Neto et al., 2014). There was a
predominance of afternoon rainfall events in all location, ranging
from 34% to 51%. The second highest RF was observed at night
in LB (24%), MN (26%) and HT (25%), and in the morning in AP
(24%) and at dawn in BA (24%). The lowest RI's were observed
at dawn in AP (14%) and MN (10%), in the morning in LB (18%)
and HT (14%) and at night in BA (20%) (Figure 3).

The circulation of the lower troposphere during the dry
season is transferred north of the equatorial cavity, favoring the
movement of the Hadley cell to the Amazon. However, the low
atmospheric runoff (between 925 and 700 hPa) provides moisture
conduction in the southern Amazon throughout this season, which
ensures optimal conditions for afternoon convection, justifying
the discrepancy from the other day times (Marengo & Nobre,
2009; Santos Neto et al., 2014). In addition, it is common for
cold fronts to enter the southern Amazon during this season,
causing precipitation and a decrease in air temperature (Santos
Neto et al., 2014).

A total of 23.563 rainfall events were recorded in spring,
The RF in the afternoon in spring ranged from 33% to 43% in all
locations, followed by the RT at night in BA (23%), LB (24%), MN
(25%) and HT (25%) and in the morning in AP (28%). The lowest
RFs occurred at dawn in LB (20%), MN (16%) and HT (16%),
at night in AP (14%) and in the morning in BA (22%) (Figure 3).
This pattern of RF in is due to the onset of the rainy season
in the southern Amazon region, which is influenced by intense
convective activity and the SACZ, frontal systems incursions and
the beginning of the Monsoon Systems in South America (MSSA)
which generates deep convection (Rolim et al., 2000).

The rainfall events during the wet season were well distributed
throughout the day (Figure 4A). The high RFs during year with

4/8

neutrality occurred in the afternoon in AP (44%), HT (38%) and
MN (43%). The high RFs during El Nifio year occurred in the
afternoon in BA (29%) and LB (34%). As the rainy season coincides
with the summer season and part of the spring, high precipitation
occurs under the influence of SACZ and MSSA (Carvalho et al.,
2012). However, the rainfall events during the dry season occurred
predominantly in the afternoon in Neutral year in AP (48%), HT
(53%), LB (43%0) and MN (58%) and in La Nina year in BA (37%)
(Figure 4B). In the dry period, precipitation events are associated
with cold fronts, which contributes to modify the dynamics of
the atmosphere by changing the stability condition to instability
during this period (Pedreira Junior et al., 2018).

The RF was higher during La Nifia year in all location
(42% to 46%), while the RF during neutral and El Nifio years was
similar (25% to 29%). The RF during Neutral year was higher than
El Niflo year in AP and BA. However, the RF during El Nifio
year was higher than Neutral year in LB, MN and HT (Figure 5).

The RF in LLa Nifia year was more distributed throughout
the day (Figure 6). During this period, there is a predominance of
upward atmosphetic circulation in the equatorial Walker/Hadley
cell regions, which strengthen the I'TCZ, and consequently, result
in greater rainfall events throughout the day (Souza et al., 2005).

The RF in Neutral year was predominating in the afternoon
(37%), followed by the RF in the morning (26%), and the lowest
RF was found at night and at dawn (18%) (Figure 6). Neutrality
indicates that there were no anomalies on Pacific Ocean TSM,
with the lowest water temperature near the west coast of South
America, and highest near the Australian continent and the
Indonesian region (Centro de Previsio de Tempo e Estudos
Climaticos, 2015).

The RF in El Nifio year higher in the afternoon (34%)
and in the morning (29%) and was lower at night and at dawn
(18%) (Figure 6). During El Nifio events, the downward
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movement of Walker’s cell shifts over the Amazon and inhibit ~ Ambrizzi, 2002; Wang, 2002). In addition, during this period
cloud formation and, consequently, convection. Thus, trade  the Intertropical Convergence Zone (ITCZ) is positioned
winds are much weaker, and moisture transport from the  further North, resulting in extremely dry periods during the
Atlantic Ocean to the Amazon region is reduced (Souza &  wet season (Alves et al., 2005).
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Figure 4. Relative frequency (%) of rainfall on different periods of the day during the wet (A) and dry (B) season in the La Nifia
(January 1st, 2000 to December 31st, 2000), Neutrality (January 1st, 2013 to December 31st, 2013) and El Nifio (January 1st, 2015 to
December 31st, 2015) in Apui (AP), Boca do Acre (BA), Humaita (HT), Labrea (LB) and Manicoré (MN).
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Figure 5. Relative frequency (%) of rainfall during events of La Nifia (January 1st, 2000 to December 31st, 2000), Neutrality (January
1st, 2013 to December 31st, 2013) and El Nifio (January 1st, 2015 to December 31st, 2015) in Apui (AP), Boca do Acre (BA), Humaita
(HT), Labrea (I.B) and Manicoré (MN).
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Figure 6. Relative frequency (%) of rainfall on different periods of the day in the La Nifia (January 1st, 2000 to December 31st, 2000),
Neutrality (January 1st, 2013 to December 31st, 2013) and El Nifio (January 1st, 2015 to December 31st, 2015) in Apui (AP), Boca

do Acre (BA), Humaitd (HT), Labrea (LB) and Manicoré (MN).

CONCLUSION

Rainfall in AP, BA, LB, HT and MN throughout the entire
period was more frequent in the afternoon and less frequent at
dawn and morning, The R during event of La Nifa was higher
than El Nifio in all localities, but the RF during the Neutral year
in AP and BA was higher than El Nifio year and had no difference
in LB, MN and HT.
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