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Abstract

Given the great variability of the precipitation in the Brazilian Northeast, it is necessary to use climate indexes for its monitoring. In this sense, this
work aims to present a study of the space-time variation in the rainfall at the Salgado Basin, located in the state of Cearad, using the Rainfall Anomaly
Index (RAI) as a tool. In order to do so, daily precipitation data from seven meteorological stations were used for the period between 1974 and 20135.
From the data obtained, the RAI was calculated and plotted in spatial distribution maps. It was possible to observe that the rainy season at the basin
lasts from January to April, and the driest period of the year lasts from July to October. The historical series presented drier years than rainy ones. A
variation in the RAI within the basin was evidenced, and the region corresponding to Chapada do Araripe was wetter. The years with the extreme
anomalies were related to sea surface temperature anomaly events, which favored its occurrence.
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1 Introduction

In the Brazilian Northeast (BNE), rainfall is the result of the behave between several atmospheric systems that
behave at various scales and periodicity regimes (ARAUJO; MORAES NETO; SOUSA, 2009). Some examples are the
Frontal Systems (KOUSKY, 1979), the Upper Tropospheric Cyclonic Vortices (KOUSKY; GAN, 1981), the
Intertropical Convergence Zone (ITCZ) and the Eastern Waves (FERREIRA; MELLO, 2005).

In addition, pioneer studies accomplished by Walker (1928) already indicated that the anomalous warming of
surface waters in the equatorial Pacific exerts influence on the BNE droughts. Since then, several studies have been
carried out, also presenting evidence of the role played by the Atlantic and the Pacific Oceans in the climate fluctuations
in South America (ANDREOLI, KAYANO, 2007; SILVA et al., 2011).

Therefore, based on the irregularity and seasonality of rainfall, monitoring by means of the use of climatic
indexes is necessary. Based on this, it is possible to develop a monitoring system of the characteristics of dry and rainy
periods (DA SILVA et al., 2009).

Santos, Aratjo and Marcelino (2015) emphasize the importance of developing and encouraging regional
policies that seek to reduce adverse effects on hydrological systems. The authors state that the prior knowledge about
the climatic characteristics of the area in issue by means of effective monitoring is essential.

In light of this context, the Rainfall Anomaly Index (RAI), developed by Rooy (1965), is used to classify the
positive and negative severities in rainfall anomalies. It is considered an index of remarkable procedural simplicity
because it requires only precipitation data (Freitas, 2005; Fernandes et al., 2009). According to Rooy (1965), RAI aims
to make the comparison between precipitation deviations in different regions feasible.

Aratjo, Morais Neto and Sousa (2009), with the objective of analyzing the climatology of the Paraiba river
basin, used RAI as a tool and found similarities in the precipitation pattern between the regions from the basin.

Sanches, Verdum and Fisch (2014) used the RAI with the goal of analyzing the annual precipitation variability
from 1928 to 2009 in Alegrete/RS, as well as comparing the indices obtained from El Nifio Southern Oscillation events
(ENSO) and Pacific Decadal Oscillation (PDO). The authors concluded that RAI presented itself as an important tool in
the analysis of precipitation in the municipality.

Santos, Aratjo and Marcelino (2015) utilized RAI under the Mamanguape river basin / PB, obtaining its
climatic analysis and concluding, among other things, that the basin has three regions with different precipitation
patterns.

Therefore, this work aimed at presenting a study of the space-time variation of the rainfall precipitation in the
Salgado river basin, in the state of Cear4, utilizing the Rainfall Anomaly Index (RAI) as a tool, as well as accomplishing

its spatial distribution in order to identify areas of higher or lower severity of events.

2 Material and methods

The present study was developed for the Salgado River Basin (Figure 1). It is located in the southern region of
the state of Ceara and it has the Salgado River, a tributary of the Jaguaribe River, as the main river, with 308km of
length. In addition, it drainage area of 12,623.89 km?, which is equivalent to 9% of the state territory, encompassing

23 municipalities (CEARA, 2009).
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The database used in this study was obtained by means of 7 meteorological stations of the Meteorology
Foundation in Ceard - FUNCEME, provided by the National Water Agency (ANA), by means of the Hidroweb
platform (http://hidroweb.ana.gov.br). Data from the daily precipitation of the period between 1974 and 2015 (42

years) at the stations located in Aurora, Crato, Ico, Jardim, Mauriti, Milagres and Varzea Alegre were utilized.
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Figure 1 — Salgado River Basin with the location of the stations used

From the precipitation data, the Annual Rainfall Anomaly Index (RAI) was calculated to analyze the frequency
and intensity of the dry and rainy years in the studied area. In addition, the monthly RAI was calculated for specific
years of the historical series aiming to analyze the distribution of rainfall in the years of greatest anomaly.

RAI developed and firstly used by Rooy (1965) and adapted by Freitas (2005), constitutes the following
equations:

N-®
RAI=3 [Kﬁ]’ For positive anomalies €))

RAI =- 3H, For negative anomalies )
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Where: N = current monthly/yearly rainfall, in order words, of the month/year when RAI will be generated
(mm); = monthly/yearly average rainfall of the historical series (mm); = average of the ten highest monthly/yearly
precipitations of the historical series (mm); = average of the ten lowest monthly/ yearly precipitations of the historical
series (mm); and positive anomalies have their values above average and negative anomalies have their values below
average.

Table 1 — Classification of Rainfall Anomaly Index Intensity

RAI range Classification
Above 4 Extremely humid
2to4 Very humid
Rainfall Anomaly 0to2 Humid
Index (RAI) -2t00 Dry
-4to0-2 Very dry
Below -4 Extremely dry

Source: Freitas (2005) adapted by Araujo et al. (2009)

The result was plotted in a spatial distribution map in the Surfer® 13.0 Software, utilizing the Kriging method.

3 Results and discussion

From the temporal spatial distribution of rainfall in the Salgado river basin shown in Figure 2, it is possible to
perceive that the rainy season begins in the month of January and lasts until the month of April. Within this range, the
precipitation is higher than the annual average (approximately 74 mm). The month of March presented the highest
precipitation value, around 206 mm, corroborating Araujo, Morais Neto and Sousa (2009)’s assertion that this month is
more efficient in terms of precipitation in the Northeast, because it has a greater influence of the Intertropical
Convergence Zone (ITCZ), which is important for the rivers recharge.

The four-month period from July to October showed itself as the driest period of the year, with a minimum

precipitation of 3.27 mm, on average, in the month of August.

Rainfall (mm)

jan feb mar apr may jun jul aug sep oct nov dec
Month

Figure 2 - Climatological averages from 1974 to 2015 of the precipitations for the Salgado Basin
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The drought years and the rainy years, during the period from 1974 to 2015, can be visualized by means of

RALI (Figure 3), enabling to identify periods where these events were more intense and/or lasting.
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Figure 3 - Rainfall Anomaly Index for the Salgado Basin

The positive values observed in Figure 3 represent rainy or wet years and the negative values represent the dry
years, with different degrees of intensity. The occurrence of 19 years with a positive RAI, varying from extremely wet
to humid, and 23 years with a negative RAI, varying between very dry and dry was observed. In other words, there were
more years of drought than rainy ones.

The periods that remained the longest with droughts were from 1981 to 1984, from 1990 to 1993, and from
2012 to 2015 (Figure 3). 1993 was the year with the highest negative value, with a RAI of -3.69, classified as very dry.
The year of greatest positive value was 1985, with an average RAI of 6.29, being therefore classified as extremely
humid. Araujo, Morais Neto and Sousa (2009) and Da Silva et al. (2009) found similar results for the Paraiba river
basin.

Concerning the occurrence of drought and rainy years, Santos, Aratijo and Marcelino (2015) affirm that the
reduction in the interval between consecutive dry years interspersed by a rainy year favors the water supply of the basin,
as is the case of the period from 2004 to 2011.

Figure 4 shows the spatial distribution of the RAI across the territory of the Salgado River Basin. It is also
possible to observe that the average RAI for the period was negative for the entire area. A range of 0.27 in the RAI
variation within the basin was also observed, with a clear division in the spatial distribution of precipitation in the
hydrographic basin, since the northeast portion presented a lower RAI than in the southwest. The wettest part
corresponds to the region under the influence of Chapada do Araripe, which is a region of denser vegetation. This
condition provides greater evapotranspiration and higher altitude and, consequently, it is predictive for the formation of
orographic rainfall.

In order to better evaluate the distribution of rainfall in the Salgado river basin in the years of more extreme
anomalies, the monthly RAI of specific years were analyzed (Figure 5). The two most humid indexes (1985 and 1989)

and the two driest ones (1993 and 2012) of the historical series were chosen.
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Figure 4 - Spatial distribution of the rainfall anomaly index in the Salgado River Basin
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Figure 5 - Monthly RAI of the Salgado River Basin: rainy years (a) and dry years (b)

It was possible to observe in Figure 5a that the years of 1985 and 1989 presented a similar distribution of
rainfall throughout the year, except for the month of February, where the year of 1989 presented a slightly negative
RALI, differing from 1985 and from the climatological average presented in Figure 2.

The driest years in the historical series (Figure 5b) presented precipitation above average only in the months of
February and March. The month of April also presented RAI classified as rainy, but only for the year of 2012. In light
of this context, it is possible to infer that in very dry years, even in the rainy season, there are months when RAI tends to
be negative, as observed by Aratijo, Morais Neto and Sousa (2009), Da Silva et al. (2009) and Santos, Aratjo and
Marcelino (2015).

In order to analyze RAI spatially within the Salgado river basin in the years of more extreme anomalies, Figure
6 was elaborated. It is possible to visualize that in in the year of 1985 (Figure 6a) RAI was positive throughout the

territorial extension of the basin. According to Brabo Alves (2012), such fact can be explained because this year was
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under the influence of two Sea Surface Temperature Anomaly (SSTA) events - namely La Nifia and the Atlantic Dipole
Negative - which favor the occurrence of precipitation in the Northeast of Brazil, ANDREOLI, KAYANO, 2007).

The most extreme negative anomaly value in the Salgado river basin appeared in 1993 (Figure 6b). That year,
according to Nobrega and Santiago (2014), was El Nifio strongest year. This phenomenon is responsible for the scarcity
of rainfall in the NEB (ANDREOLI, KAYANO, 2007). Thus, it is observed that the IAC in 1993 was negative in the
entire area of the basin, corroborating with Nobrega and Santiago (2014) that observed that in 1993 the state of

Pernambuco also presented strong drought due to El Nifio.
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Figure 6 - Spatialization of RAI in the most extreme years: 1985 (a) and 1993 (b)

4 Conclusions

The rainy season of the Salgado river basin extends from January to April and the driest period of the year lasts
from July to October.

The historical series presented 19 rainy years and 23 dry years, with 1985 as the wettest year and 1993 as the
driest.

An amplitude of 0.27 was observed in the RAI variation within the Basin, and the region corresponding to
Chapada do Araripe was more humid in comparison to the northeast of the basin.

The dry years present a negative anomaly even in the months of the rainy season at the basin.

Influences of the Sea Surface Temperature Anomalies in the Pacific and Atlantic under the basin were

confirmed, since the extreme RAI years were related to phases of these events that favored their occurrences.
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