
_________________Revista Brasileira de Climatologia_________________ 
ISSN: 2237-8642 (Eletrônica) 

Ano 17 – Vol. 28 – JAN/JUN 2021                                             788 

PLUVIOMETRIC VARIABILITY AND EXTREME PRECIPITATION AND 

DROUGHTS EVENTS IN THE CENTRAL NORTH MESOREGION OF PARANÁ 

 

CALDANA, Nathan Felipe da Silva – nathancaldana@gmail.com 

Universidade Estadual de Londrina / UEL 

 

RODRIGUES, Leonardo – leonardo.rodrigues@uel.br 

Universidade Estadual de Londrina / UEL 

 

FUJITA, Thais – fujita.thais@gmail.com 

Universidade de São Paulo / USP 

 

EIRAS, Marília Moreira de – eiras.marilia@gmail.com 

Universidade Tecnologica Federal do Paraná / UTFPR 

 

FERREIRA, Luiz Gustavo Batista – luiz.gustavo@agronomo.eng.br 

Instituto Agronômico do Paraná / IAPAR 

 

SILVA, Marcelo Augusto de Aguiar e – aguiaresilva@uel.br 

Universidade Estadual de Londrina / UEL 
 

Submetido em: 31/08/2020 
Aceito para publicação em: 11/06/2021 

Publicado em: 22/06/2021 
DOI: http://dx.doi.org/10.5380/abclima.v28i0.76216 

 

ABSTRACT: Extreme precipitation events cause severe damage in both urban and rural 

areas. The purpose of this work was to analyze rainfall variability and detect the 
extremes of precipitation and droughts occurrences and relate them to ENSO phenomena 
in the Central North Mesoregion of Paraná (MRNCP). We used data from 44 weather 
stations distributed in the area of the study, from 1976 to 2018. Based on the results, it 
was identified the precipitation has regional discrepancies, concentrating the highest 
rainfall in the southern portion. The highest annual precipitation was highly correlated 
with the periods identified as El Niño, and then in neutrality. There were large 

occurrences of drought by decent, with emphasis on the winter months, especially in 
August. High rainfall heights recorded within 24 hours in all regions analyzed, especially 
in the summer and spring months. 

KEYWORDS: Vulnerability. Climate risk. climate analysis 

VARIABILIDADE PLUVIOMÉTRICA E EVENTOS EXTREMOS DE PRECIPITAÇÃO E 

SECA NA MESORREGIÃO NORTE CENTRAL DO PARANÁ  

RESUMO: Os eventos extremos de precipitação causam severos danos no espaço urbano 
e rural. O objetivo deste trabalho foi analisar a variabilidade pluviométrica e detectar os 
extremos de precipitação e de seca, e relaciona-los com os fenômenos ENOS na 
Mesorregião Norte Central Paranaense (MRCNP). Utilizou-se dados de 44 estações 
pluviométricas distribuídas na MRNCP de 1976 a 2018. Com base nos resultados, 

identificou-se a precipitação possui discrepâncias regionais, concentrando as maiores 
alturas pluviométricas na porção sul. As maiores precipitações anuais apresentaram 
grande correlação com os períodos identificados como El Niño, e em seguida, em 
neutralidade. Houve grande ocorrências de seca por decêndios, com ênfase nos meses de 
inverno, principalmente em agosto. Grandes alturas pluviométricas registradas no 
intervalo de 24 horas em todas as regiões analisadas, principalmente nos meses de verão 

e primavera. 

PALAVRAS-CHAVE: vulnerabilidade, risco climático, análise climática  
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1.INTRODUCTION 

The atmosphere is not static. Its characteristics always vary from place 

to place in different time scales, exhibiting variability from seconds to hours, 

from days to millennia (AYOADE, 2006). The interactions that occur in the 

atmosphere itself may be the result of changes and meteorological variations, 

that can be classified in short, medium and higher variations (SANCHES et al., 

2014;). The climate is the result of the complex process involving solar energy 

and it is intensified by the increase in the average global surface temperature in 

conjunction with extreme precipitation events. The Fifth Assessment Report - 

AR5 showed that these occurrences will become much more frequent throughout 

the 21st century (IPCC, 2013; CONTI, 2005).  

Throughout the planet, several studies exhibited the importance of the 

precipitation regime for human activities, such as agriculture, with an emphasis 

on the most different productions and for the zoning and planning of the 

agricultural calendar (SANTI et al., 2018; DE SOUSA and DE OLIVEIRA, 2018; 

DE SOUZA et al., 2018; TAYT'SOHN et al., 2018; WIRÉHN et al. , 2018). Thus 

exhibiting the importance of studies of this genesis for the region. 

In Brazil, disasters resulting from extreme events of precipitation 

episodes occur in more than 80 % of cities, among urban disasters, flooding is 

responsible for 59 % of records (MARCELINO, 2007; CALDANA et al., 2018). The 

severe atmospheric instabilities that generate large amounts of rain in a short 

time, added to the low drainage of urban spaces due the deficiency of 

infrastructure. Studies that investigate the frequency and intensity of these 

extreme events, can be useful for decision-making and regional urban planning 

(BERTILSSON et al., 2018; HUANG et al., 2018; JAMALI, et al., 2018; MUSTAFA, 

et al., 2018). 

For the Paraná State (South of Brazil), agriculture has a key importance 

for the state economy (IAPAR, 2019). For the segment, understanding the 

climate variability is necessary, since it actively interferes in the crops to be 

produced in a given region. The planting time, the management and conduction 

of crops, the rational use of natural resources are factors dependent on weather 

conditions, directly infringing on the variability of production (TAYT'SOHN et al., 

2018; CALDANA et al., 2019). Studies that identify and predict droughts 

periods, intense rain, hail, gales and frosts contribute to the optimization of 

planning, crop management and decision making, aiming at better ways to 

obtain good results and less environmental damage (CONCEIÇÃO et al. 2018; 

GELCER et al., 2018; DE MATOS et al., 2018; MEDEIROS et al., 2018; SANTI et 

al., 2018; DE SOUSA and DE OLIVEIRA, 2018; DE SOUZA et al., 2018). 

Thus, the purpose of this study was to analyze the precipitation 

variability and detect extreme precipitation and droughts events, in addition to 

identifying the influence of El Niño South Oscillation - ENSO on extreme events 

in the North Central Paranaense Mesoregion (MRNCP). 

 

2. MATERIAL AND METHODS 

2.1 AREA OF STUDY 

The North Central Mesoregion of Paraná (MRNCP) covers an area of 

24,532 km², which corresponds to about 12 % of the state territory. MRNCP 
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contemplates totally or partially three Metropolitan Regions: The Metropolitan 

Region of Londrina (RML) Metropolitan Region of Apucarana and the 

Metropolitan Region of Maringá (RMM), important areas of urban development 

(IPARDES, 2019). Its 79 constituent municipalities are home to around 2 million 

inhabitants (IBGE, 2019), representing 17.7 % of the population of Paraná 

State. The MRNCP is an apt area for crops productions due the climate and 

natural soil fertility. 

The climatic classification of MRNCP, has a small part of its Cfb area 

(subtropical, without dry season and cool summer) located in the central and 

extreme South areas, with higher altitudes, ranging from 800 to 1100 m (Figure 

01), and a large part of its area with lower altitudes (300-700 m), to the East in 

the region with Cfa climate (subtropical, without dry season and hot Summer) 

according to the Köppen climate classification (NITSCHE et al., 2019). 

 

2.2 PRECIPITATION DATA 

For the characterization of precipitation in the region, we used data from 

44 pluviometric stations from the Instituto Agronômico do Paraná (IAPAR), 

Instituto Nacional de Meteorologia (INMET), Agencia Nacional de Águas (ANA) 

and the Instituto Águas Paraná (Figure 01). 

 

Figure 01 - Stations spatialization and the topography of the North Central Mesoregion 

of Paraná – MRNCP. Organized by authors (2020). 

The spatial distribution of precipitation data was obtained through 

interpolation using the Inverse distance weighted (IDW) method, with the aid of 



_________________Revista Brasileira de Climatologia_________________ 
ISSN: 2237-8642 (Eletrônica) 

Ano 17 – Vol. 28 – JAN/JUN 2021                                             791 

the Qgis Software. The IDW is an interpolator recommended for the 

spatialization of pluviometric data (MUELLER, 2004). The point data of the 

pluviometric stations were inserted in the Qgis Software and transformed into a 

raster file, with the aid of the IDW interpolator. This new file displays a regular 

surface adjusted to these point data of interest with a pixel of spatial resolution 

of 1 km by 1 km. Subsequently, isohyets and their values were inserted for 

better visualization of areas with similar precipitation. 

In addition, to assist in the presentation of the frequency distribution of 

the data under this study, we used the Box Plot graphics, due it is possible to 

analyze the measure of their dispersions around the mean by means of standard 

deviation, the position of its median, its asymmetry and the presence of 

discrepancies and extremes (LEM et al., 2013; SCHNEIDER and DA SILVA, 

2014; COUTO et al., 2016). 

For analysis using Box Plot, we used data from four meteorological 

stations as a parameter, one in each large area of the region and with 

discrepancies in rainfall (Figure 02). For this purpose, we used the stations from 

the municipalities, Alto Porã - Ivaiporã (South), Floriano - Maringá (West), São 

Luiz - Londrina (Center) and Alvorada do Sul (North). 

The identification of extreme daily events was carried out using the 99 % 

percentile of annual precipitation, using the formula:      
      

 
 

Eep being the extreme precipitation event; 

P99, the percentile 99 % of annual precipitation 

Precipitation appears to be characterized as extreme and must have 

occurred within 24 hours (Table 02). The graphics were created using the Sigma 

Plot software. 

Table 01 - Values of half the average monthly rainfall used as a parameter for 

identifying extreme events 

Station 

 

Alto Porã (Ivaiporã) Alvorada do Sul Floriano 

(Maringá) 

São Luiz 

(Londrina) 

Precipitation 75 mm 58 mm 62 mm 67 mm 

Source: Águas Paraná; ANA; IAPAR e INMET (2019). Organized by the authors 

(2020). 

ENSO climate variability data were obtained from the Oceanic Niño Index 

(ONI) database, published by the Climate Prediction Center of the National 

Oceanic Atmosphere Administration (NOAA, 2019), in order to compare the 

occurrence of dry, rainy years and the extreme events with the incidence of El 

Niño and La Niña events. ONI is classified by quarterly moving average to 

determine the Equatorial Pacific Sea Surface Temperature (SST), in the El Niño 

3.4 region for each month (TRENBERTH et al., 2019). The comparison of the 
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extreme events with the ENSO was carried out by extracting the ten highest 

pluviometric heights of the series on the annual scales and identifying the phase 

of influence of the phenomenon in the period. 

 

Table 02 - Years and months of ENSO occurrence (El Niño in red, La Niña in blue, and 
Normality in black) between 1976-2017. 

 DJF JFM FMA MAM AMJ MJJ JJA JAS ASO SON OND NDJ 

1976 -1,5 -1,1 -0,7 -0,4 -0,3 -0,1 0,1 0,3 0,5 0,7 0,8 0,8 

1977 0,7 0,6 0,4 0,3 0,3 0,4 0,4 0,4 0,5 0,6 0,8 0,8 

1978 0,7 0,4 0,1 -0,2 -0,3 -0,3 -0,4 -0,4 -0,4 -0,3 -0,1 0 

1979 0 0,1 0,2 0,3 0,3 0,1 0,1 0,2 0,3 0,5 0,5 0,6 

1980 0,6 0,5 0,3 0,4 0,5 0,5 0,3 0,2 0 0,1 0,1 0 

1981 -0,2 -0,4 -0,4 -0,3 -0,2 -0,3 -0,3 -0,3 -0,2 -0,1 -0,1 0 

1982 0 0,1 0,2 0,5 0,6 0,7 0,8 1,0 1,5 1,9 2,1 2,1 

1983 2,1 1,8 1,5 1,2 1,0 0,7 0,3 0 -0,3 -0,6 -0,8 -0,8 

1984 -0,5 -0,3 -0,3 -0,4 -0,4 -0,4 -0,3 -0,2 -0,3 -0,6 -0,9 -1,1 

1985 -0,9 -0,7 -0,7 -0,7 -0,7 -0,6 -0,4 -0,4 -0,4 -0,3 -0,2 -0,3 

1986 -0,4 -0,4 -0,3 -0,2 -0,1 0 0,2 0,4 0,7 0,9 1,0 1,1 

1987 1,1 1,2 1,1 1,0 0,9 1,1 1,4 1,6 1,6 1,4 1,2 1,1 

1988 0,8 0,5 0,1 -0,3 -0,8 -1,2 -1,2 -1,1 -1,2 -1,4 -1,7 -1,8 

1989 -1,6 -1,4 -1,1 -0,9 -0,6 -0,4 -0,3 -0,3 -0,3 -0,3 -0,2 -0,1 

1990 0,1 0,2 0,2 0,2 0,2 0,3 0,3 0,3 0,4 0,3 0,4 0,4 

1991 0,4 0,3 0,2 0,2 0,4 0,6 0,7 0,7 0,7 0,8 1,2 1,4 

1992 1,6 1,5 1,4 1,2 1,0 0,8 0,5 0,2 0 -0,1 -0,1 0 

1993 0,2 0,3 0,5 0,7 0,8 0,6 0,3 0,2 0,2 0,2 0,1 0,1 

1994 0,1 0,1 0,2 0,3 0,4 0,4 0,4 0,4 0,4 0,6 0,9 1,0 

1995 0,9 0,7 0,5 0,3 0,2 0 -0,2 -0,5 -0,7 -0,9 -1,0 -0,9 

1996 -0,9 -0,7 -0,6 -0,4 -0,2 -0,2 -0,2 -0,3 -0,3 -0,4 -0,4 -0,5 

1997 -0,5 -0,4 -0,2 0,1 0,6 1,0 1,4 1,7 2,0 2,2 2,3 2,3 

1998 2,1 1,8 1,4 1,0 0,5 -0,1 -0,7 -1,0 -1,2 -1,2 -1,3 -1,4 

1999 -1,4 -1,2 -1,0 -0,9 -0,9 -1,0 -1,0 -1,0 -1,1 -1,2 -1,4 -1,6 

2000 -1,6 -1,4 -1,1 -0,9 -0,7 -0,7 -0,6 -0,5 -0,6 -0,7 -0,8 -0,8 

2001 -0,7 -0,5 -0,4 -0,3 -0,2 -0,1 -0,1 -0,1 -0,2 -0,3 -0,4 -0,3 

2002 -0,2 0,0 0,1 0,2 0,4 0,6 0,8 0,8 0,9 1,1 1,2 1,1 

2003 0,9 0,7 0,4 0 -0,2 -0,1 0,1 0,2 0,2 0,3 0,3 0,3 
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2004 0,3 0,3 0,2 0,1 0,2 0,3 0,5 0,6 0,7 0,7 0,6 0,7 

2005 0,7 0,6 0,5 0,5 0,3 0,2 0 -0,1 0 -0,2 -0,5 -0,7 

2006 -0,7 -0,6 -0,4 -0,2 0,0 0,0 0,1 0,3 0,5 0,7 0,9 0,9 

2007 0,7 0,4 0,1 -0,1 -0,2 -0,3 -0,4 -0,6 -0,9 -1,1 -1,3 -1,3 

2008 -1,4 -1,3 -1,1 -0,9 -0,7 -0,5 -0,4 -0,3 -0,3 -0,4 -0,6 -0,7 

2009 -0,7 -0,6 -0,4 -0,1 0,2 0,4 0,5 0,5 0,6 0,9 1,1 1,3 

2010 1,3 1,2 0,9 0,5 0,0 -0,4 -0,9 -1,2 -1,4 -1,5 -1,4 -1,4 

2011 -1,3 -1,0 -0,7 -0,5 -0,4 -0,3 -0,3 -0,6 -0,8 -0,9 -1,0 -0,9 

2012 -0,7 -0,5 -0,4 -0,4 -0,3 -0,1 0,1 0,3 0,3 0,3 0,1 -0,2 

2013 -0,4 -0,4 -0,3 -0,2 -0,2 -0,2 -0,3 -0,3 -0,2 -0,3 -0,3 -0,3 

2014 -0,5 -0,5 -0,4 -0,2 -0,1 0,0 -0,1 0,0 0,1 0,4 0,5 0,6 

2015 0,6 0,5 0,6 0,7 0,8 1,0 1,2 1,4 1,7 2,0 2,2 2,3 

2016 2,5 2,2 1,7 1 0,5 0 -0,3 -0,6 -0,7 -0,7 -0,7 -0,6 

2017 -0,3 -0,1 0,1 0,3 0,4 0,4 0,2 -0,1 -0,4 -0,7 -0,9 -1 

2018 -0,9 -0,8 -0,6 -0,4 -0,1 0,1 0,1 0,2 0,4 0,7 0,8 0,9 

Source: NOAA/CPC. Organized by the authors (2020). 

 

3. RESULTS AND DISCUSSION 

3.1 PLUVIOMETRIC VARIABILITY 

We verified that the rainfall at MRNCP had regional discrepancies (Figure 

02). From the average annual precipitation accumulated for the period, it is 

observed that the North region had the pluviometric heights ranging from 1400 

to 1550 mm. The West region presented heights from 1530 to 1650 mm, while 

the Center-East ranged from 1620 to 1725 mm. The South region was the one 

that registered the highest average annual pluviometric heights varying from 

1600 to 1785 mm. 

From the perspective of the topography from the region (Figure 01), it 

can be observed the precipitation influence on the of the region, since the 

Central, East and South areas have the highest altitudes in the mesoregion, 

ranging from 500 to over 1100 m and exhibits the highest precipitation rates. 

Meanwhile, the North and West portions, with the lowest rainfall, presented 

altitudes of 200 to 600 m, and the lowest levels of accumulated precipitation 

without exceeding 1600 mm. 

 



_________________Revista Brasileira de Climatologia_________________ 
ISSN: 2237-8642 (Eletrônica) 

Ano 17 – Vol. 28 – JAN/JUN 2021                                             794 

 

Figure 02 - Average annual rainfall in the North Central Mesoregion of Paraná. Source: 
Águas Paraná; ANA; IAPAR e INMET (2019). Organized by authors(2020). 

To better identify the distribution of annual rainfall, we used the Box Plot 

plot of rainfall in the mesoregion (Figure 03). As in the interpolation map (figure 

02), it is possible to notice a significant discrepancy between rainfall values 

along the Mesoregion. 

At the Alvorada do Sul station, located in the Far North of the region, the 

lowest annual rainfall was observed, with no discrepant events. The minimum 

and maximum values found were, respectively: 955 mm in the year 1981, 

observed during the normal period of the SST (Table 01) and 2,080 mm in the 

year 2000 registered in the El Niño period, with half of the accumulated 

precipitation events presented in 1412 mm. 

For Maringá, located in the western region of the MRNCP, a discrepant 

value of 2,078 mm was recorded in 2015, identified as the El Niño period. The 

median of this station was 1,480 mm. While the variation between the 

maximum and minimum values was 2,000 mm, recorded in 1983 under the 

influence of El Niño at 1024 mm in 2011, the year of transition between La Niña 

and normality. 

For Londrina, the median annual precipitation was 1,660 mm. A 

discrepant value of 2,689 mm was observed in 2015, as already mentioned, 

under the influence of El Niño. The variation between the maximum and 

minimum values was, respectively, 2,331 mm recorded in 2009, under the 
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influence of El Niño at 1,153 mm, in 1985, the observed period of the La Niña 

phenomenon. 

 

Figure 03 - MRNCP annual precipitation variability (1976 - 2018). Source: Águas 
Paraná; ANA; IAPAR e INMET (2019). Authors (2020). 

 

For Ivaiporã, three discrepancies were observed, with 3,040, 2,715 and 

2,630 mm in the years 2015, 1983 and 2009, respectively, all of them under the 

influence of El Niño. The interval between the quartiles was from 1,590 to 1,996 

mm. The median of this station was the highest among those analyzed, with 

1,785 mm. The lowest annual rainfall in this season was 1,123 mm in 1985, the 

year of La Niña's influence. 

Although the discrepancy is large between the regions, it is noted that 

the size of the rectangle, represented by the difference between the third and 

the first quartiles, is practically the same, varying between 403 mm to 340 mm 

for the Ivaiporã and Londrina stations, respectively. This measure guarantees a 

more robust interpretation of the variability of precipitation over the 

investigated period. As well as the vertical lines that also indicates a 

symmetrical amplitude, with the exception of Alvorada do Sul, that the lower 

line represents half of the upper line, indicating more cases of rainy years than 

droughts periods for this station. 

As for monthly precipitation, however for the 44 stations used in the 

Mesoregion, there were also large variations between locations and 

discrepancies between monthly values (Figure 04). In the red curve, monthly 

average between the seasons for the years investigated, it is identified that 

between the driest (94 mm) and the rainiest (210 mm) month the discrepancy 

is more than 100 mm. 
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Figure 04 - Variability of monthly precipitation in the MRNCP (1976-2018). Source: 
Águas Paraná; ANA; IAPAR e INMET (2019). Authors (2020). 

Thus demonstrating to be a rainy region more with asymmetric 

distribution. From a monthly perspective, one can also observe large variations 

between rainfall, as in June the range of precipitation ranging from 0 to 420 mm 

and in November from 38 to 510 mm, among all stations verified for this study.  

We used Box Plot in order to improve the visualization of monthly 

precipitation, (Figure 05). The stations exhibited an approximate distribution to 

the average annual variability. The Spring and Summer months are rainier, 

while the Fall and Winter months are drier, with a slight increase in intensity for 

the months of May. From January to August, the transition from the rainy 

season to the driest season in the region is noticeable, with a decrease in 

precipitation, as can be seen by the medians. The only exception is in the 

Ivaiporã station, in which the month of May is rainier than in the other Fall 

months. 

At the Alvorada do Sul station, an extreme precipitation event occurred in 

January, reaching a value of 602 mm, in 2005, under the influence of El Niño. 

The discrepant events for the other months of this point, with the exception of 

the month of October, were recurrent. Extreme values of February (2001-La 

Niña), June (2012-Normality) and December (1982-El Niño) stand out, which 

were close in intensity even though they are from completely different stations. 

It is only in this station that the 25 % quartile remains at zero for the month of 

August, indicating once again that, between the seasons, Alvorada do Sul is the 

one with the lowest precipitation intensities. The months from April to August 

had medians less than 100 mm. 
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Figure 05 - MRNCP monthly rainfall variability (1976-2018). Source: Águas Paraná; 
ANA; IAPAR e INMET (2019). Authors (2020). 

As for the minimum extremes, there were seven months without 

precipitation in the series analyzed between April and October. Most of the Box 

Plots had a non-asymmetric distribution. 

For the Ivaiporã station, there were two extreme values in the months of 

June 1982-Normality (547 mm) and July 2013-Normaldiade (585 mm). Another 

fourteen outliers were observed during the historical series, not being observed 

only in the months of February and May. However, it was in the month of May 

that there was great variability of precipitation, between 4 and 389 mm. The 

months of April and August were the only ones that did not register precipitation 

in any of the years analyzed. 

In ENSO neutral conditions, as noted, there were several records of 

extreme events. During these periods of anomaly, high rainfall occurs in the 

southern region of Brazil, as there is a reduction in atmospheric blocks in the 

subtropical range, while in the tropical range of South America the air that 

ascends to the west (low atmospheric pressure) tends to descend over cold 

waters at east (high atmospheric pressure). As a result, there is an absence of 

clouds and precipitation in this region (RAO and HADA, 1997; FONTANA and 

BERLATO, 1997; PODESTA et al., 2002; BERLATO, 2005; BERLATO and 

FONTANA, 2011; ANDERSON et al., 2017). Factor that justifies high rainfall in all 

analyzes for the period of neutrality in the region. 

For the Londrina station, seventeen discrepancies were observed, and 

those between the months of June and July, both presented six extreme values. 
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In addition, the months of April, May, June, July and August recorded the 

monthly interval with 0 mm. The month of January showed the greatest 

variation between monthly rainfall, ranging from 30 to 565 mm. Most of the Box 

Plots also had a non-asymmetric distribution. 

At the Maringá station, there were fifteen discrepancies, with the months 

of April, May, July and November standing out. There were two episodes with 

precipitation of 0 mm in the interval of 30 days, in the months of July and 

August. As in Alvorada do Sul, the medians from April to August were less than 

100 mm. 

 

3.2 EXTREME CLIMATIC EVENTS OF PRECIPITATIONS AND DROUGHTS 

PERIODS 

The ten highest annual pluviometric heights were classified to identify 

extreme precipitation events, and thus compare with the corresponding SST 

period (Figure 06). It was observed that the majority of high annual rainfall 

occurs in periods of El Niño, and only four of the 40 rainfalls analyzed were in 

the period of La Niña. 

 

Figure 06 - Highest annual rainfall in Mesoregion Norte Central Paranaense and 

comparison with El Niño-Oscilação Sul. Source: Águas Paraná; ANA; IAPAR e INMET 

(2019); NOAA/CPC (2019). Authors (2020). 
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In Alvorada do Sul and Ivaiporã the four highest annual pluviometric 

heights occurred during the El Niño anomaly period. The Ivaiporã station was 

the most influential in the normal period, with four of the ten highest annual 

rainfall, while Londrina, even with the highest rainfall in the normal period, was 

the most influential in El Niño, with eight of the ten analyzed rainfall. 

It is should be noted we verified 12 events in neutrality condition also 

higher classified as El Nino. In some years, in ENSO conditions can occur higher 

periods of rainfall in the Southern Brazil, due there a reduction of atmospheric 

block in the subtropical area, while for the tropical region of Southern America, 

the air ascend to West (low atmospheric pressure) shows tendency to down 

under the cold waters in Eastern (Higher atmospheric pressure). As a 

consequence, we verified non presence of precipitation clouds in this area (Rao, 

Hada, 1990; Berlato et al., 2005; Anderson et al., 2018). All this justified the 

higher prepositions verified in some analysis for the neutrality period in region of 

this study. 

From the perspective of decendial precipitation, (Figure 07), in which ten 

consecutive days are considered, counting 36 ten-year periods. Interpretation 

by this bias favors agricultural practices that, in their planning, consider that 10 

days without rain or in excess can be decisive in production variability (FIETZ et 

al. 1998; CARAMORI, 2008; DALLACORT et al. 2011). In this sense, it was 

observed that all ten days had at least one occurrence without precipitation and 

numerous incidences of extreme or discrepant precipitations. 

Between the stations, it is observed that the minimums, referring to the 

minimum values up to the 25 % quartile, are higher in the humid periods 

(summer and spring) while during the dry periods (autumn and winter) they 

receive the value zero and create box smaller plots. The ten days of May showed 

greater variation during the drier period with several discrepancies, in addition 

to greater variation between quartiles. 

At the Alvorada do Sul station, the greatest discrepancy between the 

maximum and minimum values was observed, which were not considered to be 

discrepancies. In the period 2/02, a difference of 0 to 240 mm was observed, 

the largest detected among the analyzed stations. At the Ivaiporã station, on 

the other hand, there was the greatest rainfall in one decade among the 

analyzed stations, 359 mm in the 1/12 decade. Altogether there were 62 

extreme descending events, 22 in Alvorada do Sul, 17 in Londrina, 12 in 

Maringá and 11 in Ivaiporã. 
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Figure 07 - Variability of the MRNCP's decade-long precipitation (1976-2018). Source: 
Águas Paraná; ANA; IAPAR e INMET (2019). Authors (2020). 

For the detection and probability of occurrences of droughts per decade, 

the graph in Figure 08 was used. The stations exhibited approximate variability 

according to the previous analyzes. Thus, the probability of drought in Ivaiporã 

is lower, in practically all scenarios than in Alvorada do Sul. There is a large 

discrepancy between the behavior of the stations, even if they are only 169 km 

apart, since the station and Ivaiporã, portrays a more homogeneous behavior, 

while Alvorada, from several perspectives, presented quite different behavior. 

The Winter months showed a high probability of drought occurrences in 

all stations. At the Alvorada do Sul station, every ten days of this station 

presented at least a 30 % chance, reaching a 76 % risk. For agriculture from 10 

to 20 days of rain at the time of sowing, flowering or filling of grains, they can 

be decisive for the success of the harvest, even if it is a rainy region, its 

distribution during the year is asymmetrical, and therefore, attention to the 

planning of the agricultural calendar and the phenological scale of the species 

cultivated for this period in the region. 

The risk gradually declines from the second ten-day period of September. 

From this period on, the soybean sowing period in the state begins. The risk 

decreases even more in October, the most recommended period for planting and 

with lower risk throughout the state, as identified by Ferreira et al. (2020). 
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While in August, in addition to the high risk of dry spells, there is still the 

occurrence of extreme cold (OLIVEIRA and BORROZZINO, 2018), it is normally 

the harvest period, with no major losses due to dry spells in this period. 

 

Figure 08 - Probability of occurrence of droughts for 10 years at MRNCP. Source: Águas 
Paraná; ANA; IAPAR e INMET (2019). Authors (2020). 

 And even in Summer crops, attention should be paid. In most decades, 

the risk remains at less than 20 %, but it still exists. In the spring, the risk of 

drought varies from 10 to 40 %. The fall showed a large discrepancy, reaching 

60 % risk in May. 

In order to detect the daily extremes that most influence the urban 

space, causing floods, floods, runoff and floods (MARCELINO, 2007), the graph 

in Figure 09 was based on different monthly distributions between the seasons, 

but present in most months. 

At the Alvorada do Sul station, extreme daily events were concentrated 

mainly in the months of October, February and March. In spring and summer, in 

the Paraná State, Convective Systems and CCM formations predominate (DAFIS 

et al., 2017; TREFAULT et al., 2018; CALDANA et al., 2018; CALDANA et al., 

2019a; CALDANA et al., 2019b; CALDANA and MARTELÓCIO, 2019). Even 

though CCMs take place on a large regional scale, rainfall distribution may differ 

between areas of the state (BORSATO et al., 2019). 

At the Ivaiporã station, the far South of the Mesoregion, May was the 

month with the most occurrences. In Paraná, in the Fall and winter seasons, the 

Convective Systems and CCM still occur, however, the Cold Front passages 

cause great instabilities in these stations, which can lead to the formation of 

strong storms at the moment of the meeting of the air masses. They can still 
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have a longer and less intense duration, as in the Stationary Fronts with the 

precipitation lasting for several days (PUNGE and KUNZ, 2016; BEREZUK, 2017; 

CALDANA and MARTELÓCIO, 2019). 

It is also worth mentioning Maringá, which had the most regular 

distribution, being able to present large volumes of daily rain during all months 

of the year, except for August (the driest month in the region). 

 

Figure 09 - Occurrence of extreme precipitation events at MNCP. Source: Águas Paraná; 
ANA; IAPAR e INMET (2019). Authors (2020). 

As can be verified, large rainfalls occur in the region and are 

concentrated in a short period of time. Problems with floods, floods and floods 

are frequent all over the world, and as mentioned, it is present in at least 80 % 

of Brazilian cities (MARCELINO, 2007), this figure reaches 90 % in the Iguaçu 

River Basin, in the South of the Paraná State (CALDANA, et al. 2018). In recent 

decades, these events have gained greater public attention and investments in 

infrastructure, concentrated mainly in large cities (CHEN, et al. 2018; HUANG et 

al. 2018). The planning of this region must always be carried out with measures 

aimed at improving urban drainage, thus mitigating this type of occurrence, and 

consequently improving environmental and water quality. 

When planning the agricultural calendar, attention should always be paid 

to the phenological scale of the cultivated species and the climatic information of 

the region, always aiming to avoid the excessive use of irrigation and 

agrochemical systems. Since the region has a good distribution of monthly 

rainfall, however, with expressive variability. 
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4. CONCLUSION 

It was possible to identify that rainfall in the North Central Mesoregion of 

Paraná is appropriated distributed throughout the year, with significant 

concentration for the in the Summer and Spring months. However, extreme 

precipitation and droughts events are noticeable and highly variable, with 

droughts events occurring mainly in the Fall and Winter months. 

The ENSO phenomenon influences the regional distribution and the 

variability of precipitation in the North Central Mesoregion. This relationship 

intensifies extreme events, whether drought or rain, and must be taken into 

account when planning agricultural and urban activities, with most of the 

extreme precipitation events in the region occurring in El Niño anomalies, and 

with lower frequency in SST normality. 

High rainfall was identified over a 24-hour period in the region. Resilience 

is a fundamental attribute for the population of MRNCP to adapt and overcome 

the events caused by these phenomena. They impact and hinder local 

development, especially for people in vulnerability situations and disregard for 

public power. Therefore, public incentives must be directed to these episodes in 

order to prevent urban disasters and social impacts. 
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