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ABSTRACT: The present study compares the climatological normals for periods of 36
and 34 years (interpolated data) and observed precipitation and air temperature data
(2015 and 2016) for four weather stations located within the boundaries of the
Itacaiunas River Watershed (IRW), with the historical data from the Maraba station in the
eastern Amazon used as control data. Both the interpolated and observed data were
validated with the control data. The quantile technique was used to identify annual
precipitation intensity thresholds and seasonal periods. A comparison was made with the
precipitation and air temperature data to determine the effects of ENSO events during
the period from 1980 to 2016. Our results regarding annual variability showed that the
Onga Puma station was the rainiest among the subareas studied. The month of March
was characterized as the rainiest month, and July was the least rainy for the watershed
area. The influence of ENSO events on air temperature occurred in the early years, from
1980 to 2003, and the stronger events had a greater influence on precipitation in the
IRW area. The 2015/16 El Nifio may have had a more pronounced effect on the rainfall
behavior at the Fazenda Abadia and Sossego stations. In the Salobo station (forest area),
there was a delay in precipitation curves related to the occurrence of ENSO events, which
may be associated with temporal variations in the dynamics of soil-vegetation-
atmosphere interactions.

KEYWORDS: precipitation, temperature, climatology, El Nifio, La Nifia
INDICADORES CLIMATICOS PARA UMA BACIA HIDROGRAFICA NA AMAZONIA ORIENTAL

RESUMO: O presente estudo verificou a comparagdo entre as normais climatoldgicas de
36 e 34 anos (dados interpolados), e os dados observados (2015 e 2016) da precipitacao
e temperatura do ar, para quatro estacdoes hidrometeoroldgicas situadas na area da Bacia
Hidrografica do Rio Itacailnas (BHRI), com dados histéricos definidos como de controle
da estacdo Maraba, na Amazl6nia oriental. Foi feita a validacdo tantos dos dados
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interpolados quanto dos observacionais, com os dados de controle. Foi utilizada a técnica
dos quantis para identificar os limites de intensidade da precipitacdo anual e seus
periodos sazonais. Realizou-se uma comparacdo da climatologia da precipitacdo e
temperatura do ar com os efeitos dos eventos de ENOS durante o periodo de 1980 a
2016. Nossos resultados mostraram que a variabilidade anual da estagdo Onga Puma se
caracterizou como a mais chuvosa entre as demais subareas estudadas. O més de margo
caracterizou-se como o més mais chuvoso e julho o menos chuvoso para a regido da
bacia. A influéncia dos eventos ENOS com relacdo a temperatura do ar ocorrem nos
primeiros anos, a partir de 1980 até 2003, e os tipos mais fortes destes eventos
apresentam maior influéncia sobre a precipitacdo na regido da BHRI. O efeito do EN
2015/16 pode ter influenciado de forma mais acentuada no comportamento das chuvas
nas estacGes Fazenda Abadia e Sossego. Foi observado na estacdo Salobo (area
florestada) um certo atraso nas curvas de precipitacdo com relagdo as ocorréncias dos
eventos ENOS, que pode estar associado a variagdes temporais na dindmica de interacdo
solo-vegetacao-atmosfera.

PALAVRAS-CHAVE: Precipitacdo, temperatura, climatologia, El Nifio, La Nifia.
INDICADORES CLIMATICOS PARA UNA CUENCA EN EL AMAZON ESTE

RESUMEN: El presente estudio compara las normales climatoldgicas para periodos de 36
y 34 afos (datos interpolados) y los datos observados de precipitacion y de temperatura
del aire (2015 y 2016) para cuatro estaciones meteoroldgicas ubicadas dentro de los
limites de la Cuenca del Rio Itacailinas (CRI), se usaron como control los datos historicos
de la estacién de Maraba, en la Amazonia oriental. Tanto los datos interpolados como los
observados fueron validados con los datos de control. La técnica de cuantiles se utilizd
para identificar los umbrales de intensidad de precipitacion anual y los periodos
estacionales. Se hizo una comparacion con los datos de precipitacion y temperatura del
aire para determinar los efectos de los eventos ENOS durante el periodo de 1980 a 2016.
Nuestros resultados mostraron que la variabilidad anual de la estacién Onga Puma fue la
mas lluviosa entre las subareas estudiadas. El mes de marzo se caracterizd6 como el mes
mas lluvioso y julio fue el menos lluvioso en el area de la cuenca. La influencia de los
eventos ENOS en relacidon a la temperatura del aire ocurrié en los primeros afos, de
1980 a 2003, y los eventos mas fuertes tuvieron una mayor influencia en la precipitacion
en la region CRI. El Nifio de 2015/16 puede haber tenido un efecto mas pronunciado en
el comportamiento de la lluvia en las estaciones de Fazenda Abadia y Sossego. En la
estacion de Salobo (area forestal), hubo un retraso en las curvas de precipitacion
relacionadas con la ocurrencia de eventos ENOS, que pueden estar asociados con
variaciones temporales en la dinamica de las interacciones suelo-vegetacion-atmasfera.

PALABRAS CLAVE: precipitacion, temperatura, climatologia, El Nifo, La Nifa
INDICATEURS CLIMATIQUES POUR UN BASSIN HYDROGRAPHIQUE EN AMAZON EST

RESUME: La présente étude compare les normales climatologiques pour les périodes de
36 et 34 ans (données interpolées) et les données de précipitations et de température de
I'air observées (2015 et 2016) pour quatre stations météorologiques situées dans les
limites du bassin versant d'Itacailinas (BVI). les données historiques de la station de
Maraba, dans l'est de I'Amazone, ont été utilisée comme données de contrble. Les
données interpolées et observées ont été validées avec les données de contréle. La
technique du quantile a été utilisée pour identifier les seuils annuels d'intensité des
précipitations et les périodes saisonniéres. Une comparaison a été effectuée avec les
données sur les précipitations et la température de l'air pour déterminer les effets des
événements ENSO entre 1980 et 2016. Nos résultats ont montré que la station Onga
Puma était la plus pluvieuse parmi les sous-zones étudiées, par rapport a la variabilité
annuelle . Le mois de mars a été le mois le plus pluvieux et le mois de juillet le moins
pluvieux pour le bassin versant. L'influence des événements ENSO sur la température de
I'air a eu lieu dans les premiéres années, de 1980 a 2003, et les événements les plus
importants ont eu une grande influence sur les précipitations dans la zone BVI. El Nifio
2015/16 pourrait avoir eu un effet plus prononcé sur le comportement des précipitations
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dans les stations Fazenda Abadia et Sossego. Dans la station de Salobo (zone forestiére),
les courbes de précipitation associées a la survenue des événements ENSO ont été
retardées, ce qui peut étre lié a des variations temporelles de la dynamique des
interactions sol-végétation-atmosphére.

MOTS-CLES: précipitation, température, climatologie, El Nifio, La Nifia
1. INTRODUCTION

Anthropogenic actions, especially when associated with changes in
vegetation cover and land use, have been considered to be the main causes of
climate change in the Amazon region. Bonini et al. (2014), when analyzing
rainfall variations in the municipality of Colider (Mato Grosso state-MT) in the
southern Amazon, showed that the expansion of deforested areas decreases the
precipitation rate and consequently that gradual reductions in rainfall can
influence the hydrological cycle in tropical regions. Souza-Filho et al. (2016)
obtained evidence that the conversion of forest cover to pasture was
accompanied by changes in the hydro-climatological cycle in the Itacaiinas
River watershed (Para state-PA) in the eastern Amazon, leading to a drier
environment due to an increase in air temperature in the region, a decrease in
relative humidity and an increase in river discharge.

For future assessments regarding the causes and consequences of these
actions with regard to the environment, continuous weather and climate
monitoring is of fundamental interest to the general society. Meteorological data
have multiple applications of a broad social interest, extending from the
productive sector, with interests in the fields of wind and solar energy,
agriculture, fishing and mining, to the public sector, which addresses the
mitigation of damages caused by severe droughts, flooding in rural or urban
areas, landslides, etc. The relevance of weather and climate data and products
has led to the creation of international programs to obtain a complete record of
meteorological variables around the globe to meet the demands mentioned
above (LOPES et al., 2013).

Precipitation is considered to be a key variable for determining the
climate in tropical regions. It is one of the most important input variables in the
water balance of a river watershed (CAMARGO, 1971) and it is also essential in
the planning of human activities and local development (DE SOUZA et al., 2009;
AMANAJAS and BRAGA, 2012; DE SOUZA et al., 2017). Ferreira et al. (2013)
investigated the hourly variability in rainfall in three municipalities of the eastern
Amazon during the rainy season, they have concluded that the rainfall regimes
differed among the sites evaluated. According to the authors, the observed
differences are due to the different weather systems that operate in each
region, making the results relevant for monitoring in several important sectors
such as Civil Defense, agriculture and mining. Marengo and Nobre (2009) stated
that rainfall, river flow and air temperature are climate elements that are vital to
the earth's environment, and analyses of the behavior of these parameters raise
questions about climate change and its impacts on a region.

The atmospheric temperature is another parameter that has great
influence in the main mechanisms of energy exchange and in the soil-
atmosphere interaction processes and it is therefore essential in
micrometeorological and environmental studies (SANTOS et al., 2011). In
tropical regions, the air temperature presents small variations throughout the
year relative to most climate variables (LOPES et al., 2013). It is an integral
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part of any system involving atmospheric processes, since changes in the
behavior of the atmosphere that are caused by differences in surface heating
are mainly expressed in terms of variations in the mean temperature, which is
also a parameter that is sensitive to changes in land use and land cover (COHEN
et al., 2007; CORREIA et al., 2007, 2008).

Other factors that have an effect on precipitation and mean air
temperature are the meso- and large-scale weather systems, since they
contribute to the weather and climate variations in the Amazon region. Such
weather systems include the Intertropical Convergence Zone (ITCZ)
(HASTENRATH, 1991; REBOITA et al., 2010; FERREIRA et al., 2015), the South
Atlantic Convergence Zone (SACZ) (CARVALHO et al., 2004; LOPES et al., 2013;
QUADRO et al., 2016), and the El Nifio-Southern Oscillation (ENSO) (GRIMM,
2011; LI et al., 2011; ANDREOLI et al., 2016; PEREIRA et al., 2017). ENSO, an
ocean-atmosphere coupling phenomenon, is a major cause of climate variability,
affecting global atmospheric circulation, and it has a significant influence on
precipitation and air temperature variation throughout the planet. It consists of
an oceanic component, El Nifio (EN) or La Nifa (LN), and an atmospheric
component, the Southern Oscillation (PEREIRA et al., 2017). EN corresponds to
the positive anomaly of the central and eastern tropical Pacific Ocean sea
surface temperature (SST), and LN refers to the reverse process, e.g., a
negative SST anomaly (PHILANDER et al., 1989). ENSO is an important source
of interannual climate variability in South America, and together with the
tropical Atlantic Ocean, it modulates a large part of the interannual climate
variance over the Amazon (MARENGO and NOBRE, 2009; LI et al.,, 2011;
ANDREOLI et al., 2012; CHIODI and HARRISON, 2016). In the present study,
the term ENSO refers to EN/LN events.

In this context, the present study aims i) to characterize the climatic
behavior of rainfall and air temperature in four distinct subareas, one in a forest
area, one in a pasture area and two in (forest-pasture) transition areas in the
Itacailnas River Watershed (IRW); and ii) to identify the possible effects of
ENSO events on these climate variables in the four subareas from January 2015
to December 2016.

2. MATERIALS AND METHODS
2.1 CHARACTERIZATION OF THE STUDY AREA

The IRW is located between the latitudes 05°10' and 07°15' South and
longitudes 48°37' and 51°25' West, in the Tocantins-Araguaia hydrographic
region in the eastern Amazon (BRAZIL, 2003). The IRW drains an area of
approximately 42,000 km? and is located approximately 600 km south of the
Equator (Figure 1). In terms of landscape, the Serra dos Carajas stands out with
an altitude ranging from 400 to 900 m, in contrast to adjacent areas with
altitudes that range from 80 to 300 m. In the watershed area, there are two
primitive types of soil cover: tropical forest and montane savanna. However,
land use is dominated by extensive pastures that surround a mosaic of forest
remnants. The IRW area includes indigenous lands and conservation areas that
are protected by law, occupying 11,700 km?2, or roughly a quarter of the
watershed area (SOUZA-FILHO et al., 2016; SILVA JUNIOR et al., 2017a, b).
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Figure 1 - Map of the Itacailnas River Watershed (IRW). The yellow dots represent the
location of the weather stations studied: Salobo (SB), Fazenda Abadia (FAb), Onga Puma
(OP) and Sossego (SS), and the INMET Maraba control station (Ctr).

The climate in the region is a monsoon climate (Am), which is a tropical
rainy climate (hot and humid) with a mean air temperature above 26°C (INMET,
1992; ALVARES et al., 2013). Because the region is located in the equatorial
zone, there is a higher solar incidence on the surface, where solar energy is
converted to sensible heat flow (heating) and latent heat flux
(evapotranspiration), contributing directly to the convection process and, later,
to precipitation (SODRE et al., 2015). The seasonal mean temperature range in
the state of Para does not vary significantly, with variations on the order of 1 to
2°C. Specifically in the IRW region, the mean value recorded is 27.2°C, with a
minimum annual temperature of 26.6°C in January and a maximum annual
temperature of 28.1°C in September.

The rainfall regime is characterized by two well-defined seasons, one
rainy, regionally known as Amazonian winter, and another dry, which is called
Amazonian summer (LOPES et al., 2013). The rainy (November to May) and dry
(June to October) seasons are well defined, in which total annual rainfall can
vary from 1,800 mm to 2,300 mm during the rainy season and from 10 mm to
350 mm during the dry season (MORAES et al., 2005; SILVA JUNIOR et al.,
2017a). The main weather system that affects the rainfall regime during the
rainy season in southeastern Para, in the IRW region, is the band of convective
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clouds of the Intertropical Convergence Zone (ITCZ). In the dry season, the
rainfall regime is influenced by frontal systems, which are responsible for the
convective activity over the eastern Amazon (DE SOUZA et al., 2017).

2.2 DATA ACQUISITION

The comparative analysis between the mean seasonality and the
observed data, as well as their respective interannual variabilities, was made
using:

a) Historical data series for the four weather stations installed by the Vale
Institute of Technology (ITV), namely: Salobo (SB), Fazenda Abadia (FAb), Onga
Puma (OP) and Sossego (SS). These series were obtained for the points where
the four ITV stations are installed, from the set of data interpolated in grid
points:

= For precipitation: from a study carried out by Xavier et al. (2017), from
January 1980 to December 2015 (36 years);

= For mean air temperature: from a study performed by Xavier et al.
(2015), from January 1980 to December 2013 (34 years);

b) Historical series of observed data from 1980-2016 of the Maraba - PA
station, belonging to Brazilian National Institute of Meteorology (INMET),
defined in this study as the control station (Ctr).

In addition to the data mentioned above, data from four ITV weather
stations installed at IRW, cited above (Figure 1), were collected and used for the
period of 2015 to 2016. These stations are located in sites with distinct land use
and vegetation cover, as shown in Table 1. Data from the weather stations were
collected and transmitted to the ANA (National Water Agency) database platform
and were stored on the Hidro Web platform (Hydrological Information System).
The variables recorded and transmitted at regular intervals of one hour included
precipitation (mm), minimum and minimum air temperature (°C), minimum and
maximum air relative humidity (%), wind direction (°), minimum and maximum
wind velocity (m/s), mean and maximum solar radiation (W/m2), and minimum
and maximum water level (mm).

Table 1 - Weather stations with their respective locations and characteristics.

Geographic Altitude

Station Municipality Environment

location (m)

05°52'17"S 3
Salobo (SB) 50028'44"\W 178 Maraba-PA Forest
Fazenda Abadia  05°34'39"S )
(FADb) 49°32°05"W 134 Maraba-PA Pasture
Onga Puma 06°31'46"S e Ourilandia do Forest/pasture
(OP) 51°03'33"W Norte-PA transition

06°26'35"S Canaa dos Forest/pasture
Sossego (SS) 50°02'05"W 236 Carajas-PA transition
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The Salobo (SB) station is located within the National Forest of Tapirapé-
Aquiri (FLONATA), a conservation unit created in 1989 (Decree 97720 from
05.05.1989). The Fazenda Abadia station (FAb) is located in a pasture area,
approximately 55 km from the mouth of the watershed. The Onca Puma (OP)
and Sossego (SS) stations are located in a forest-pasture transition area. Based
on a study by Alvares et al. (2013) for Brazil, whose methodology is based on
the latest version of the climatic classification of Koppen (1936), it is verified
that there is no differentiation in the type of climate between the four sub-areas
(stations) of the IRW, especially regarding the criteria of temperature and
precipitation, defined as type Am (monsoon). However, the northeastern portion
of the basin, where FAb and Maraba (Ctr) stations are installed, is located in the
range where the characteristics are of Aw climate (tropical with dry winter and
rainy season of summer).

For IRW stations, daily and monthly air temperature (Tmean) and
cumulative precipitation were calculated for the period from January 2015 to
December 2016. This period was selected due to the need to evaluate the
possible influence of the EN and LN events that occurred during those years on
the local climate variables, using as a comparison the climatological mean of
these variables for the region. To compare the precipitation and the mean
temperature climatology with EN and LN events, Oceanic Nifio Index (ONI)
values from 1980 to 2016 were acquired as one of the main indices for
monitoring these events. This index is calculated from the Sea surface
temperature (SST) anomalies in an east-central equatorial Pacific Ocean area
called the Nifio region -3.4 (5S to 5N, 170W to 120W). The ENSO phenomenon
occurs when ONI values exceed the mean by 0.5°C (EN) or -0.5°C (LN), for a
period of more than three months. This index can be obtained from the National
Oceanic and Atmospheric Administration (NOAA, 2017), available at
www.cpc.ncep.noaa.gov. The intensity of EN/LN events was obtained from
http://ggweather.com/enso/oni.htm.

2.3 STATISTICAL ANALYSIS

In this study, the quantile statistical technique was used, by Pinkayan
(1966); this technique has been widely used by Xavier and Xavier (1999),
Xavier (2001), Xavier et al. (2002, 2007) in several studies. The quantile
technique is based on the distribution of the cumulative frequency, where the
greater the number of observations available, the better the approximation of
the probability density function that describes the phenomena. In summary, the
methodology proposed by Xavier and Xavier (1987) states that given a variable
X that represents the cumulative values of precipitation in a certain subinterval
of the year (month, bimester, quarter, semester, or even a whole year), Qp is
defined as the limit of the quantile range for the variable X, where p is the
probability of occurrence, such that X is smaller than Qp. Therefore, the choice
of the quantile range must satisfy the following relation: Prob (X = Qp) = p.
The quantiles used refer to the values for p: 0.15; 0.35; 0.65 and 0.85,
corresponding to five categories. The ranges for each percentile (Table 2)
represent probabilities or expected frequencies for each of the events that may
occur along the time series of variable X.
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Table 2 - Classes or categories of precipitation using the quantile technique.

Classes Thresholds Quantile range
Very dry (VD) Xi < Qo.15 Pi < 0.15
Dry (D) Qo.15 < Xi < Qo.35 0.15 <P £ 0.35
Normal (N) Qo.35 < Xi < Qo.65 0.35 <P; < 0.65
Rainy (R) Qo.65 < Xi < Qo.ss 0.65 < Pi < 0.85
Very rainy (VR) Xi = Qo.8s5 Pi = 0.85

Source: Xavier and Xavier (1999).

The climatological normals of the historical series, acquired from Xavier
et al. (2017), were also calculated for the four stations (ITV) under study, as
were the precipitation values corresponding to the percentiles, which were used
as thresholds of the ranges corresponding to the events shown in Table 2. The
objective of using this technique was to identify the characteristic months of
each seasonal period and the interannual variability over the period from 1980
to 2015.

3.RESULTS AND DISCUSSION

Figure 2 presents the interannual variability in precipitation for the four
weather stations under study, using data interpolated by Xavier et al. (2017),
for the period from 1980 to 2015. The year 1985 was the highest rainfall year
for all stations and can therefore be classified as a very rainy (VR) year, with the
station SB (Figure 2a) standing out with a cumulative value of 2,948.4 mm
(Table 2). This behavior may be associated with the LN event that occurred in
that year. On the other hand, the year 2015, for all stations, was the driest in
the historical series. In particular, the SB station presented the lowest annual
total rainfall (1,207.6 mm), possibly as a result of the 2015/16 EN event, which
is considered to be one of the most intense EN events recorded, and is therefore
classified as of very strong intensity.
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Figure 2 - Interannual variability in precipitation for the 1980-2015 period in the stations
a) Salobo-SB, b) Fazenda Abadia-FAb, ¢) Onga Puma-OP and d) Sossego-SS.

The annual precipitation pattern of the Onga Puma (OP) station (Figure
2c) presented annual totals that were markedly higher than those of other
stations, despite being located at almost the same latitude and altitude as the
Sossego (SS) station and characterized by the same type of land use
(forest/pasture transition). This situation is evident in the 85%, 65%, 35% and
15% percentiles of the OP station, which show higher values than the other
stations, with the exception of the 85% threshold of the SB station, which
presented a higher value (2,050.1 mm). The year 1991 also stands out as
another of the driest years of the historical series in all stations, particularly the
SS station, which recorded the lowest cumulative annual precipitation (1,294.9
mm), a finding that may be associated with the 1991/92 EN event, defined as
being strong intensity.

Figure 3 shows the results obtained by calculating percentiles (15%,
35%, 65% and 85%) for the monthly climatology of the four stations studied,
which was done to determine the months that best represent the seasonality of
these stations. In accordance with Table 3, we considered that the very rainy
period corresponds to the months exceeding the 85% percentile, the rainy
period is between the 65% and 85% percentiles, dry months would be those
with values < 15%, and transition months would be those with values between
the 35% and 65% percentiles. The methodology used for establishing the
thresholds was adopted from Carmo et al. (2015), but in this study, the
thresholds were modified and adapted according to the trends observed for the
IRW.
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Figure 3 - Climatology of the total monthly precipitation and percentiles used to
determine the months representative of the seasonal periods of the stations a) Salobo-
SB, b) Fazenda Abadia-FAb, c) Onga Puma-OP and d) Sossego-SS.

Table 3 - Classification of the seasonal periods using the percentile technique.

Thresholds Seasonal period

Prec (i) < Prec (15%) Dry

Dry-rainy transition
Prec (35%) < Prec (i) < Prec (65%) i -
Rainy-dry transition

Prec (65%) < Prec (i) < Prec (85%) Rainy

Prec (i) > Prec (85%) Very Rainy

*Prec: Precipitation; i = 1, 2,...N (years). Source: Modified from Carmo et al.
(2015).

The rainiest period was the four months from January to April, with the
month of March being the rainiest with a threshold exceeding 85%, which
agrees with the literature for the Amazon region (MORAES et al., 2005; SILVA
JUNIOR et al., 2017a). Conversely, the month of July was the driest, with the
exception of the FAb station (Figure 3b), for which the month of August was the
month with a value below the 15% percentile threshold (17.5 mm), 15.3 mm.
May was identified as the rainy-dry transition month according to the percentile
classification, whereas the month of November characterizes the dry-rainy
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transition period for the ITV stations, as also defined by Silva Junior et al.
(2017a).

In Figure 4, the climatological fluctuations of the air temperature in the
ITV stations (Clim - interpolated) and control station (Maraba) show higher
values than those observed for the years 2015 and 2016 at the four stations. In
this figure, the mean temperatures for the months of June and July recorded in
2015 and 2016 stand out. Although the climatological records (Clim and Ctr)
show lower values in these months, their curves are smoother when compared
to the four ITV stations. The more pronounced slopes in these months (June and
July) can be explained by the maximum temperature anomalies identified by the
Center for Weather Forecasting and Climate Studies at the Brazilian National
Institute for Space Research (CPTEC/INPE), which present negative maximum
temperature anomalies (between -2 and -3°C) during these months in the IRW
region (Figure 5). The minimum temperature anomalies remained practically
neutral during these periods, thus reflecting low mean temperatures in the
region.
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Figure 4 - Comparison between estimated monthly climatological means (1980-2013)-
Clim, observed (2015 and 2016) of the air temperature of the stations: a) Salobo-SB, b)
Fazenda Abadia-FAb, c) Onga Puma-OP and d) Sossego-SS, and the climatological mean
of the Maraba-Ctr control station.
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Figure 5 - Maximum temperature anomaly maps (°C) for all of Brazil for the months: a)
June/2015, b) July/2015, c) June/2016 and d) July/2016. Source: CPTEC/INPE.

The FAb station (Figure 4b) shows a mean climatological data curve that
is similar to the Maraba station, suggesting an excellent correlation between the
interpolated data and the historical data observed for the Maraba station.
Therefore, the other stations have the same sinuosity, but the amplitudes
between the maximum and minimum values are smaller. The monthly means of
the observed air temperature values show greater variations throughout the
year, especially during the year 2015 and in particular for the SS station (Figure
4d), whose oscillation is higher, around 3°C. The minimum air temperature
(25.0°C) was recorded in February and the maximum (28.0°C) in October. For
the year 2016, the curve for this variable is more similar to the historical
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behavior in the first months, especially at the SS station, which reaches 26.9°C
in February, a value higher than the climatological mean.

Figure 6 shows monthly mean air temperature variations at the ITV
stations (observed data) and at the control station (Marabd) for the years 2015
and 2016. There is a clear difference in the magnitude of the data observed in
the ITV stations compared to the control data. This difference may be related to
the type of land use, since the control station is located in the urban area of
Maraba municipality. The urban characteristics (buildings, paved roads,
industrial areas, etc.) seem to be the causal factor of this difference in air
temperature. In fact, vegetation removal promotes the reduction of the
evapotranspiration process and, consequently, there is a minimum cooling by
evaporation in the city (PINHO, 2000). Studies have reported that the reduction
of green areas and soil waterproofing, due to the urbanization process of the
cities, contribute to the increase of air temperature (AMORIM et al., 2009;
AMORIM, 2010; ROCHA et al., 2011). Callejas et al. (2011) verified that there
was an increase of more than 2.13 °C of surface temperatures in urbanization
areas in the city of Varzea Grande (MT) between 1986 and 2007.

Therefore from a qualitative perspective, the stations are accurately
recording the general characteristics and climate variabilities of the watershed
area. Among the stations, the FAb station stands out as its fluctuations over
time were the most similar to the control station, which is expected since they
are located in the same municipality (Marabd), thus providing a qualitative
validation of the data from ITV stations.
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Figure 6 - Monthly mean air temperature variation during the years 2015 and 2016 in
the control station (Maraba)-Ctr and the stations Salobo-SB, Fazenda Abadia-FAb, Onga
Puma-OP and Sossego-SS.

Figure 7 compares the climatological means of interpolated and observed
precipitation data (2015 and 2016) at the ITV stations with the occurrences of
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EN and LN events in the period 1980-2016. In general, the precipitation
behaviors match the occurrence of EN events, resulting in rainfall deficits, and
LN events that are characterized by above-average precipitation, which is
corroborated by the literature for the Amazon region (DE SOUZA et al., 2005;
ANDREOLI et al., 2012; CAVALCANTI et al., 2013; SOUSA et al., 2015).
Regarding the 1982/83 EN event, which was classified as very strong, the year
1983 is characterized as a dry year for all stations (Figures 2 and 7). The
estimates for the FAb (Figure 7b) and SS (Figure 7d) stations suggest a strong
influence during the two years of the event, 1982 and 1983, with annual
cumulative values of 1,347.5 and 1,344.7 mm (FAb) and 1,323.0 and 1,359.8
mm (SS). This negative (estimated) precipitation anomaly was also evident for
the four stations analyzed in the 1997/98 EN event that had very strong
intensity, corroborating the study by Cavalcanti et al. (2013) on droughts in the
Amazon.
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Figure 7 Comparison between the climatological mean for precipitation data
interpolated (black lines) and observed for 2015 and 2016 (green lines) at ITV stations:
a) Salobo-SB, b) Fazenda Abadia-FAb, c) Onca Puma-OP and d) Sossego-SS, with the
indices of occurrence of EN (columns in red) and LN (columns in blue) events, in the
1980-2016 period.

These results indicate a more marked influence of strong type EN events
on precipitation in the IRW region, as shown in a study carried out by De Souza
and Ambrizzi (2002) in the Amazon region. For the precipitation values
observed in 2015 and 2016 (Figure 7 - green lines), this marked influence is
associated with the 2015/16 EN event, which was identified as very strong. In
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particular, the SS station (Figure 7d) presented the lowest annual cumulative
values for 2015 and 2016 (776.8 and 1,071.0 mm, respectively). At the SB
station (Figure 7a), which is a forest area, there is a certain delay in the
precipitation curves relative to the occurrence of ENOS, which may be
associated with the effect of the vegetation cover and the greater relative time
required for soil-vegetation-atmosphere interaction dynamics to occur. The
vegetation contributes to this interaction mechanism through the interception of
rainfall, as well as a mechanism of output of the most important water balance
component, evapotranspiration. The OP station (Figure 7c) does not present
such an evident response to these events.

Other evidence includes data for the year 1985, which was marked by a
moderate LN event. In this year, all four stations had high annual cumulative
precipitation, especially the SB station, located in a forest area (Figure 7a), and
the SS station, located in a forest/pasture transition area (Figure 7d), reaching
the highest positive precipitation anomalies of 2,948.4 and 2,819.3 mm,
respectively. These results align with those of Sousa et al. (2015) from
southeast Para. In addition, this evidence is also shown in a historical report
regarding the formation of the municipality of Ourilandia do Norte (OP station),
which reports the remarkable winter of 1985, when the municipality was
isolated due to the rainfall (CRUZ and PANAACHUK, 2014). In addition, the
observed precipitation values for the ITV stations in the year 2015 were
congruent with the interpolated values, in particular the OP station (Figure 7c),
which registered a cumulative value of 1,331.2 mm, the closest to the
interpolated value (1,314.7 mm). On the other hand, the station SS (Figure 7d)
showed a cumulative value of 776.8 mm, well below the estimated amount for
the year.

Figure 8 shows the climatological behavior of the mean air temperature
in the four stations from Xavier et al. (2015) and observed data from these
stations for the period of 2015 and 2016. The data are compared to the EN and
LN events from the period 1980 to 2016. In the first years, it is evident that the
occurrence of EN events is accompanied by the highest air temperature values,
whereas negative peaks are observed during LN events. This is particularly
evident in the 1982/83 EN (very strong), 1984/85 LN (weak) from 1986/87 EN
(moderate), 1988/89 LN (strong), 1997/98 EN (very strong), 1998/01 LN
(moderate), the longest of events (KAYANO et al., 2016), and 2002/03 EN
(moderate), for the four ITV stations. However, since the 2002/03 EN event, the
temperature in the stations does not follow the same pattern during the
occurrence of the subsequent ENSOs, even for the years 2015 and 2016. The
highest differences occur in the SB (Figure 8a) and SS (Figure 8d) stations,
where the temperature during the 2009/10 EN (moderate) reached 24.7°C in
2009, the lowest values of the historical series for these stations, which does
not agree with the literature.
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Figure 8 - Comparison between the climatological mean for air temperature data
interpolated (gray lines) and observed for 2015 and 2016 (green lines) at ITV stations:
a) Salobo-SB, b) Fazenda Abadia-FAb, c) Onga Puma-OP and d) Sossego-SS, with the
indices of occurrence of EN (red columns) and LN (blue columns) events in the 1980-
2016 period.

Figure 9 shows the monthly climatological mean precipitation
(interpolated data-Clim) for the four stations, as well as for the Maraba station
(observed data-Ctr), compared to the monthly cumulative rainfall observed for
these stations in 2015 and 2016. In the SB station (Figure 9a), the monthly
values presented variations compared to their climatology. In the months of
February and March 2015, low values were recorded (26.6 and 101.0 mm,
respectively), and in turn, the months of July (146.6 mm) and November (190.2
mm) registered values above the estimated historical mean for the station. The
climatological mean data curve for the precipitation estimated by the FAb station
(Figure 9b) was similar to the historical rainfall variability in the Maraba station
(Ctr), which may represent a validation of the interpolated climatological data,
since the FADb station is located in the municipality of Maraba-PA.

Ano 14 - Vol. 23 - JUL/DEZ 2018 404



Revista Brasileira de Climatologia

ISSN: 2237-8642 (Eletronica)

FAb

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

500 - OP

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month Month

Figure 9 - Monthly cumulative precipitation for the stations a) Salobo-SB b) Fazenda
Abadia-Fab c) Onca Puma-OP and d) Sossego-SS during the years 2015 (dark bars) and
2016 (white bars), climatological means for IRW (XAVIER et al., 2017)-Clim (blacklines)
and Maraba-Ctr station (dashed lines) for the 1980-2016 period.

The year 2015 was marked by an EN event classified as MIX-type and
very strong, whose influence resulted in negative precipitation anomalies in the
Amazon, northeast and center-west of Brazil that were considered even more
intense than the classic episodes EN of 1982/83 and 1997/98 (PEREIRA et al.,
2017). The effect of this phenomenon may have more strongly influenced the
rainfall behavior at the FAb station from June through February 2016 (Figure
9b), and in the SS station from April to February 2016 (Figure 9d), with
negative precipitation anomalies in these periods compared to the estimated
historical normal for each station.

In comparision to others, the OP station (Figure 9c) was less influenced
by the 2015/16 EN event in terms of its cumulative precipitation values,
although its effects are noticeable between August (8.2 mm) and December
(52.8 mm) of 2015 when precipitation values were low compared to the
climatological normal.

4. CONCLUSIONS

The analyses of the climatology of the ITV stations showed a good
relationship with the records of the control station (Maraba), both for air
temperature and for precipitation, thus validating the data collected for the IRW
area. Likewise, there was similarity in the monthly air temperature fluctuations
during the years 2015 and 2016 when comparing the observed data with the
control data. The same was observed for the precipitation records, especially for
the year 2015, which showed excellent agreement with the interpolated values,
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except for the SS station that recorded a cumulative value that was lower than
the estimated value for this year. In summary, the records obtained at the ITV
stations represent the general characteristics and climate variabilities of the
watershed area, constituting a qualitative validation of these data.

Concerning the interannual variability for precipitation in the stations, we
conclude that the OP station area was characterized as the rainiest, with annual
precipitation higher than that of the other stations. Regarding seasonality, the
month of March is the rainiest, and the month of July is the driest, supporting
the literature for the region; an exception is the FAb station, where August was
the driest.

For the ENSO events, since 1980, the estimated air temperature had
higher values during EN events and lower values during LN events, which was
more evident until the year of 2003 for the four ITV stations. However, from
2003 onward, the temperature in the stations did not follow the same pattern of
occurrence of the subsequent ENSO events. It has also been found that there is
a more evident influence of strong EN and LN events on precipitation in the IRW
region. The 2015/16 EN event, classified as very strong, may have had a more
marked effect on the rainfall behavior in the FAb and SS stations, and the OP
station was the least influenced compared to its climatological normal. In
addition, a delay in the precipitation curves with respect to the occurrence of
ENSO events was observed at the SB station (forest area), which may be an
effect of the vegetation cover and may also reflect temporal variations in soil-
vegetation-atmosphere interaction dynamics.
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