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Highlights

August is the month with the highest occurrence of drought in the state of Paraná.

The northwest region is the most prone to drought in the state.

Winter is the season most affected by drought.

Abstract

The influence of global climate change on agriculture and its consequential impact on the loss of 

productive potential in various Brazilian regions are widely recognized. This study aims to assess the 

prevalence of drought by examining the relationship between actual evapotranspiration and potential 

evapotranspiration (ETa/PET) in the state of Paraná. Daily meteorological data on precipitation and 

air temperature were sourced from the meteorological stations of the Paraná Rural Development 

Institute IAPAR-EMATER (IDR-Paraná) over the period from 1976 to 2020. This data collection covered 

six distinct regions within the state: central, south, north, coast, northwest, and southwest. Potential 

evapotranspiration data were estimated using the method Thornthwaite (1948), while ETa data were 

derived from the Climatological Water Balance model proposed by Thornthwaite and Mather (1955). 

Drought conditions were defined as instances when ETa/PET < 0.6, evaluated on annual, quarterly, 

monthly, and decade (10-day) scales. The month of August and the last decade of this month were found 

to be the period with the highest frequency of drought occurrences across the state. The northwest 

region demonstrated the highest susceptibility to drought, followed by the north, south, southwest, and 

coastal regions.

Key words: Climate Anomaly. Climate change. Extreme event.

1	 Doctoral Student in Postgraduate Program in Agronomy, Universidade Estadual de Londrina, UEL, Londrina, PR, 
Brazil. E-mail: larissafernandesd.lf@gmail.com 

2	 Profs. Drs., Department of Agronomy, UEL, Londrina, PR, Brazil. E-mail: aguiaresilva@uel.br; claudemircca@uel.br   
3	 Dr., Researcher, Instituto de Desenvolvimento Rural do Paraná, IDR/PR, Londrina, PR, Brazil. E-mail: pablo.nitsche@

idr.pr.gov.br 
4	 Dr., Researcher, Empresa Brasileira de Pesquisa Agropecuária, EMBRAPA Soja, Londrina, PR, Brazil. E-mail: 

joserenato.farias@embrapa.br
5	 Mathematician, Statistics Specialist, EMBRAPA Soja, Londrina, PR, Brazil. E-mail: rubson.sibaldelli@embrapa.br
*	 Author for correspondence

1463Semina: Ciênc. Agrár. Londrina, v. 44, n. 4, p. 1463-1488, jul./ago. 2023

DOI: 10.5433/1679-0359.2023v44n4p1463

Received: Mar. 06, 2023 Approved: Oct, 03, 2023

ARTICLES / ARTIGOS



Pinto, L. F. D. et al.

1464 Semina: Ciênc. Agrár. Londrina, v. 44, n. 4, p. 1463-1488, jul./ago. 2023

Resumo

É notório que as alterações climáticas globais têm causado impactos sobre a agricultura induzindo 

perdas de potencial produtivo em diversas regiões brasileiras. O objetivo deste trabalho foi avaliar a 

ocorrência de estiagem através da relação evapotranspiração real e evapotranspiração potencial (ETR/

ETP) no estado do Paraná. Foram utilizados dados diários de precipitação pluvial e temperatura do ar, 

coletados pelas estações meteorológicas do Instituto de Desenvolvimento Rural do Paraná IAPAR-

EMATER (IDR-Paraná), no período de 1976 a 2020 para as regiões: Central, Sul, Norte, Litoral, Noroeste 

e Sudoeste do estado. Os dados de ETP foram estimados a partir do método estabelecido por 

Thornthwaite (1948) e os de ETR obtidos pelo Balanço Hídrico Climatológico proposto por Thornthwaite 

e Mather (1955), sendo considerado como estiagem quando a razão entre ETR/ETP apresentou valor 

<0,6 em escala Anual, trimestral, mensal e decendial. Foi possível observar que o mês de agosto e o seu 

terceiro decêndio como o de maior ocorrência de estiagem em todo o estado. Sendo a região Noroeste 

a mais sujeita a ocorrência de estiagem, seguida da região Norte, Sul, Sudoeste e Litoral.

Palavras-chave: Anomalia Climática. Mudanças climática. Evento extremo.

Introduction

According to the latest estimates from 
the National Supply Company (Companhia 
Nacional de Abastecimento [CONAB], 2022), 
Brazil achieved a record-breaking grain 
harvest in 2022, producing 272.5 million 
tons (mil t) across 73.8 million hectares (mil 
ha). Notably, the southern region, despite 
facing meteorological challenges, was alone 
responsible for 67.2 mil t from 22 mil ha, with 
the state of Paraná contributing 36.6 mil t 
from 10.6 mil ha. CONAB also reports an 
increase of approximately 1.22 mil t of grains 
compared to the previous harvest, with 
particular emphasis on the growth in corn 
and wheat production.

However, climate change has 
become a major cause for concern in this 
agricultural landscape (Cintra et al., 2020). 
Despite the country's substantial agricultural 
potential, extreme weather events such as 
excessive rainfall and droughts have led 

to significant drops in productivity. Most 
regions in Brazil are experiencing an uptick in 
the frequency and duration of these extreme 
events, particularly during crucial phases of 
major agricultural crops (Félix et al., 2020; 
Nóbrega & Santiago, 2016). As a result, even 
with producers adhering to the standards 
outlined by the Agricultural Climate Risk 
Zoning (ZARC), they remain vulnerable to 
meteorological unpredictability (Evangelista 
et al., 2022; Massignam et al., 2015).

Another challenge lies in quantifying 
and predicting the likelihood of these events 
occurring (Silva Lima et al., 2018), especially 
during the agricultural harvest seasons. This 
is because traditional agrometeorological 
tools rely on historical averages and often 
struggle to detect extreme events (Bonfim 
et al., 2021). One potential solution is to 
identify the atmospheric demand of the local 
environment and the water behavior of the 
region through the plant's evapotranspiration.
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This can be accomplished by 
employing potential evapotranspiration (PET) 
or reference evapotranspiration (ETo), which 
is characterized as the simultaneous release 
of water from both the soil and plants into the 
atmosphere in areas without water deficiency 
(Franco et al., 2019). The measurement of 
PET involves considering the amount of 
water on a vegetated surface per gram, 
encompassing the entire area and without 
any water restrictions in place. As highlighted 
by Pereira et al. (2007), PET indicates the 
atmospheric evapotranspiration demand 
of a specific location over a defined time 
frame. Quantifying PET solely requires 
meteorological data, and its values can be 
tailored to the unique conditions of each 
vegetation type and soil moisture level 
under investigation through empirical or 
deterministic methods (Primo et al., 2018; 
Fança et al., 2021).

On the other hand, actual 
evapotranspiration (ETa), while rooted in the 
same principle as PET, takes into account 
whether there are water restrictions in place. 
When water restrictions are absent, the ETa 
value matches that of PET. However, if water 
restrictions exist, ETa reflects water loss 
from a surface under standard conditions 
where the proper development of crops 
might be impaired (Paula, 2018). According to 
Lins et al. (2017), understanding the concept 
of ETa is crucial for managing river basins 
and irrigation. This is particularly true when 
conducting meteorological and hydrological 
modeling in a region—particularly in those 
characterized by low precipitation levels and 
water scarcity.

Therefore, this study aims to 
determine the occurrence of drought in the 
state of Paraná by examining the ETa/PET 
ratio, which provides insights into situations 
where plants may be at risk of experiencing 
drought conditions by considering both 
water availability and atmospheric demand.

 

Material and Methods

The research was conducted in six 
locations within the state of Paraná, situated 
in the southern region of Brazil. The climate 
in these areas exhibits characteristics of 
both subtropical Cfa, characterized by 
hot summers with concentrated summer 
precipitation and the absence of a distinct 
dry season, and Cfb, a temperate climate 
featuring mild summers and no well-defined 
dry season. The elevation in these locations 
varies from 0 to 1300 m above sea level 
(Nitsche et al., 2019).

For the study, daily data 
encompassing rainfall and air temperature 
spanning from 1976 to 2020 were sourced 
from the meteorological station network 
operated by the Paraná Rural Development 
Institute IAPAR-EMATER (IDR – Paraná) in 
the six different locations, each representing 
distinct climatic mesoregions (Table 1). To 
enhance data quality and address gaps in 
information, additional data from the Paraná 
Environmental Technology and Monitoring 
System (SIMEPAR), the National Water and 
Sanitation Agency (ANA), and the National 
Institute of Meteorology (INMET) were 
integrated, creating a comprehensive daily 
database spanning the 45-year period under 
examination.
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Table 1
Representativeness of the mesoregions of Paraná and period evaluated

Municipality Mesoregion Precipitation (mm) Air temperature (ºC)

Guarapuava Central 1976-2020 1976-2020

Lapa South 1976-2020 1988-2020

Londrina North 1976-2020 1976-2020

Morretes Coast 1976-2020 1976-2020

Paranavaí Northwest 1976-2020 1976-2020

Pato Branco Southwest 1976-2020 1978-2020

To calculate the relationship, the 
methodology employed replicates the 
approach outlined by Ferreira (2016). 
It hinges on the ratio between actual 
evapotranspiration (ETa), which takes 
into account whether the grass/plant is 
subject to water deficit, and potential 
evapotranspiration (PET), where water 
deficit is not a consideration. In essence, this 
method quantifies the correlation between 
the amount of water lost by the plant on a 
typical day (ETa) and the quantity of water 
that would be lost by the plant under ideal 
conditions of soil water availability (PET).

Potential evapotranspiration data 
were estimated using the Thornthwaite (1948) 
method established in 1948, while ETa data 
were derived from the Climatological Water 
Balance model proposed by Thornthwaite 
and Mather (1955). These calculations were 
carried out using Excel™ spreadsheets 
following the model presented by Rolim et al. 
(1998). An available soil water capacity (AWC) 
of 75 mm was assumed (Farias et al., 2001).

The ratio between ETr and PET 
serves as the basis for calculating the 
accuracy coefficient, also known as the 
Water Requirement Satisfaction Index 

(WHSI). This index quantifies the maximum 
evapotranspiration demand of a crop in 
relation to the available water in the soil from 
either irrigation or precipitation. Values span 
from 0 to 1, with a value of 1 indicating that 
the plant's water demand has been fully met, 
while a value of 0 signifies that the plants are 
experiencing drought conditions (Willmott, 
1981; Farias et al., 2001).

For each crop, a specific WHSI 
threshold is employed. Given that soybeans, 
corn, and wheat are the primary crops in 
Paraná, an average WHSI value of 0.6 was 
adopted based on the work of Sales et al. 
(2017). Consequently, the occurrence of 
drought was determined when the average 
ETa/PET ratio fell below 0.6, assessed on an 
annual, quarterly, monthly, or ten-day scale.

Results and Discussion

To pinpoint periods of drought, 
monthly and seasonal analyses were 
conducted for each region.

In the central region, none of the 
months throughout the year exhibited 
prolonged drought conditions over the 
assessed period (Figure 1). Specifically, 
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Figure 1. Monthly ETR/ETP ratio in the central region.

in January, February, March, October, 
November, and December, instances of 
WHSI values lower than 0.7 were scarce. 
Typically, throughout all years, the WHSI 

remained consistently around 0.8. However, 
from April to September, this ratio displayed 
more significant fluctuations between years, 
particularly in the month of August.

Regarding the means of seasons 
of the year (Figure 2), no drought events 
were detected across any of the seasons. 
Nevertheless, during the winter, there were 
fluctuations in WHSI values ranging between 
0.9 and 1.0 over the entire assessed period. 

fully met, while a value of 0 signifies that the plants are experiencing drought conditions (Willmott, 1981; 

Farias et al., 2001). 

For each crop, a specific WHSI threshold is employed. Given that soybeans, corn, and wheat are 

the primary crops in Paraná, an average WHSI value of 0.6 was adopted based on the work of Sales et al. 

(2017). Consequently, the occurrence of drought was determined when the average ETa/PET ratio fell below 

0.6, assessed on an annual, quarterly, monthly, or ten-day scale. 

 

Results and Discussion 

To pinpoint periods of drought, monthly and seasonal analyses were conducted for each region. 

In the central region, none of the months throughout the year exhibited prolonged drought 

conditions over the assessed period (Figure 1). Specifically, in January, February, March, October, 

November, and December, instances of WHSI values lower than 0.7 were scarce. Typically, throughout all 

years, the WHSI remained consistently around 0.8. However, from April to September, this ratio displayed 

more significant fluctuations between years, particularly in the month of August. 
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and 1.0 over the entire assessed period. In the fall, there was a gradual decline in WHSI values observed in 

the central region during the last five years of the historical series, although this decline did not reach the 
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In the fall, there was a gradual decline in 
WHSI values observed in the central region 
during the last five years of the historical 
series, although this decline did not reach 
the threshold indicative of drought.
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Figure 2. ETa/PET ratio across seasons of the year in the central region.

threshold indicative of drought. 
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The decade (10-day interval) analysis 
(Figure 3) revealed that WHSI values below 
0.6 occurred in some years, but these events 
were not readily discernible when examining 
monthly means for the region. Notably, in 
the 3rd and 4th decades of JAN3, FEB1, and 
MAY1, these values dipped below the drought 
threshold. Between March and June, despite 

WHSI values fluctuating multiple times, there 
was no recurring pattern of drought impact 
on plants during these months. Conversely, 
the decades of August and September 
exhibited the most substantial fluctuations 
in WHSI values from one year to the next, 
indicating that these months experienced 
the driest conditions.
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Figure 3. Decade ETa/PET ratio in the central region.

For the southern region of Paraná, 
the months of January to March displayed 
relatively minor fluctuations in WHSI values 
(Figure 4), with only a few years featuring 
distinct drought episodes. In contrast, the 
months of April and May exhibited several 
identified drought events, especially in 
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May, characterizing it as the month with the 
highest risk of drought in the region. August 
also displayed year-to-year fluctuations, 
although WHSI values never dipped below 
0.7. Meanwhile, for the other months, a 
consistent WHSI value of around 1.0 was 
noted, irrespective of the year.
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Figure 4. Monthly ETR/ETP ratio in the south region.
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When examining the various seasons 
(Figure 5), it becomes evident that drought 
events are rare in the region during spring, 
summer, and winter. A similar pattern is 

observed in the fall season, although there 
is greater fluctuation in WHSI values, which 
reached at least 0.7.
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Figure 5. ETa/PET ratio across seasons of the year in the south region.

Regarding the decade averages for 
the region (Figure 6) October consistently 
records WHSI values above 0.6, with 
November and December displaying 
periods characterized by lower likelihoods of 
drought. However, during the decades from 
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is greater fluctuation in WHSI values, which reached at least 0.7. 

 

 
 
Figure 5. ETa/PET ratio across seasons of the year in the south region. 

 

Regarding the decade averages for the region (Figure 6) October consistently records WHSI values 
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MAR3 to SEP2, the historical series reveals a 
substantial number of drought occurrences. 
April, May, and August stand out, showcasing 
significant year-to-year fluctuations and 
instances of WHSI values falling below 0.6 in 
the region's historical data.
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Figure 6. Decade ETa/PET ratio in the south region.

above 0.6, with November and December displaying periods characterized by lower likelihoods of drought. 

However, during the decades from MAR3 to SEP2, the historical series reveals a substantial number of 

drought occurrences. April, May, and August stand out, showcasing significant year-to-year fluctuations and 

instances of WHSI values falling below 0.6 in the region's historical data. 

 

 
 
Figure 6. Decade ETa/PET ratio in the south region. 

 

In the northern region, the months of January to March (Figure 7) did not experience drought 
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occurrences, especially in August. Given the variability in the planting dates of agricultural crops in the state, 
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winter crop harvest. Consequently, this drought may have favorable aspects as it helps protect harvested 

grains and avoids damage (Dias, 2018; Becker et al., 2015). 
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In the northern region, the months of 
January to March (Figure 7) did not experience 
drought events, although there was greater 
year-to-year fluctuation compared to the 
previously discussed regions. On the other 
hand, the months of July, August, and 

September witnessed the highest frequency 
of drought occurrences, especially in August. 
Given the variability in the planting dates of 
agricultural crops in the state, this period 
often coincides with a fallow period for Asian 
soybean rust, as well as the conclusion of 
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Figure 7. Monthly ETR/ETP ratio in the north region.

the winter crop harvest. Consequently, this 
drought may have favorable aspects as it 

However, the end of September marks 
the restart of soybean planting. Drought 
during this period is known to be detrimental 
to the initial growth of the crop, affecting 
seed germination and establishment 
(Barbosa, 2017). Furthermore, November 
and December also recorded relatively low 
occurrences of drought events, although 
there were infrequent years in which the 
average WHSI remained above 0.7.

helps protect harvested grains and avoids 
damage (Dias, 2018; Becker et al., 2015).
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Analyzing the seasons in the northern 
region (Figure 8), winter exhibited the most 
substantial fluctuation in WHSI values and 
the highest number of events below the year-
to-year average. Spring and fall followed in 
terms of fluctuation. Summer, in contrast, 
remained consistently humid with a high ETr/
PET ratio across the evaluated periods. No 
droughts were recorded during this season, 
and the lowest mean WHSI value recorded 
was 0.75.
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Figure 8. ETa/PET ratio across seasons of the year in the north region.
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In examining the average of the decades (Figure 9), all decades within the year included episodes 

in which the WHSI value dropped below 0.6, with particular emphasis on the last two decades of August and 

the first two of September, where these events recurred from year to year. The first decade of January, the 

first decade of February, and those from November to December were the exceptions, with a higher number 

of events featuring a higher ETa/PET ratio closer to 1.0, thus avoiding deficit conditions. 
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In examining the average of the 
decades (Figure 9), all decades within the year 
included episodes in which the WHSI value 
dropped below 0.6, with particular emphasis 
on the last two decades of August and the 
first two of September, where these events 

recurred from year to year. The first decade 
of January, the first decade of February, and 
those from November to December were the 
exceptions, with a higher number of events 
featuring a higher ETa/PET ratio closer to 1.0, 
thus avoiding deficit conditions.
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Figure 9. Decade ETa/PET ratio in the north region.

On the coast of Paraná, the majority 
of months exhibited a notably high ETa/
PET ratio (Figure 10). However, there were 
only sporadic occurrences in the months of 
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On the coast of Paraná, the majority of months exhibited a notably high ETa/PET ratio (Figure 10). 

However, there were only sporadic occurrences in the months of May, June, and July, ranging from 0.5 to 

0.8. In the remaining months, the WHSI value consistently hovered around 1.0 from year to year. 
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May, June, and July, ranging from 0.5 to 0.8. 
In the remaining months, the WHSI value 
consistently hovered around 1.0 from year to 
year.
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Figure 10. Monthly ETR/ETP ratio in the coastal region.
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When we examine the seasonal patterns, we find that the differences were not particularly 

pronounced (Figure 11). During the summer, the lowest WHSI value recorded was 0.95 in only three out of 

the 45 years analyzed, with all others registering a ratio of 1.00. This implies that the crop's water 

requirements were consistently met during the summer. A similar pattern was observed in most years during 

the spring season. In contrast, during the winter and fall, there was greater fluctuation in values from year to 

year, particularly in the fall. However, even in these seasons, the WHSI remained above 0.75. 
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When we examine the seasonal 
patterns, we find that the differences were 
not particularly pronounced (Figure 11). 
During the summer, the lowest WHSI value 
recorded was 0.95 in only three out of the 
45 years analyzed, with all others registering 
a ratio of 1.00. This implies that the crop's 
water requirements were consistently met 

during the summer. A similar pattern was 
observed in most years during the spring 
season. In contrast, during the winter and fall, 
there was greater fluctuation in values from 
year to year, particularly in the fall. However, 
even in these seasons, the WHSI remained 
above 0.75.
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Figure 11. ETa/PET ratio across seasons of the year in the coastal region.

The decades of August and 
September were those with the highest 
frequency of years experiencing WHSI values 
below 0.6 (Figure 12). December witnessed 
such an occurrence in only one year, 
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specifically within its last decade (DEC3). 
From the first decades of January through 
the second decade of April, the ETa/PET ratio 
consistently remained high, staying close to 
1.0 with little year-to-year fluctuation.
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Figure 12. Decade ETa/PET ratio in the coastal region.

 

The decades of August and September were those with the highest frequency of years experiencing 

WHSI values below 0.6 (Figure 12). December witnessed such an occurrence in only one year, specifically 

within its last decade (DEC3). From the first decades of January through the second decade of April, the 

ETa/PET ratio consistently remained high, staying close to 1.0 with little year-to-year fluctuation. 

 
 

Figure 12. Decade ETa/PET ratio in the coastal region. 

 

In the northwest region, May was the sole month where WHSI did not fall below 0.6 (Figure 13). 

On the other hand, June through September displayed the highest number of below-average WHSI records, 

exhibiting considerable year-to-year variation, with August standing out as a particularly drought-prone 

month. In contrast to other regions, October, November, and December witnessed more instances in which 

the ETa/PET ratios were closer to 0.6 than 1.0, signifying a heightened likelihood of drought compared to 

the other regions. 

Et
a

\P
ET

WHSI (0,6)

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Jan 1 Jan2 Jan3 Feb 1 

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Feb 2 Feb 3 Mar 1 Mar 2

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Mar 3 Apr 1 Apr 2 Apr 3

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

May 1 May 2 May 3 Jun  1

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Jun 2 Jun 3 Jul 1 Jul  2

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Jul  3 Aug 1 Aug 2 Aug 3

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Sep 1 Sep 2 Sep 3 Oct 1

0,00
0,10
0,20
0,30
0,40
0,50
0,60
0,70
0,80
0,90
1,00

Oct 2 Oct 3 Nov 1 Nov  2

0,000,100,200,300,400,500,600,700,800,901,00

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Nov 3 

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Dec 1

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Dec 2

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

Dec 3

In the northwest region, May was the 
sole month where WHSI did not fall below 0.6 
(Figure 13). On the other hand, June through 
September displayed the highest number 
of below-average WHSI records, exhibiting 
considerable year-to-year variation, with 
August standing out as a particularly 

drought-prone month. In contrast to other 
regions, October, November, and December 
witnessed more instances in which the 
ETa/PET ratios were closer to 0.6 than 1.0, 
signifying a heightened likelihood of drought 
compared to the other regions.
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Figure 13. Monthly ETR/ETP ratio in the northwest region.

Regarding the seasons of the 
year (Figure 14), none of them exhibited 
records of drought years. Fall, winter, and 
spring exhibited the highest recurrence of 
events with an ETa/PET ratio close to 0.6, 
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Figure 14. ETa/PET ratio across seasons of the year in the northwest region. 
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indicating a greater potential for drought 
occurrence. Conversely, summer, being the 
shortest season, displayed less year-to-year 
fluctuation.
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Figure 14. ETa/PET ratio across seasons of the year in the northwest region.
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By analyzing the decades in the 
region (Figure 15), we observe that all of them 
featured years with a WHSI value close to or 
below 0.6. A prime example can be seen in 
the decades of August and the first decade 
of September, which displayed the greatest 
drought risk in the region. In other decades, 
there was substantial WHSI fluctuation from 
year to year, as observed in the decades of 

January and February, as well as those from 
November to December. A study conducted 
by Carmello (2017) found that certain years 
experienced reduced soybean productivity 
due to decreased precipitation during some 
of the January and February decades. These 
months coincide with critical stages of crop 
development, such as flowering and pod 
filling (Barbosa, 2017).



Occurrence of drought in the State of Paraná

1481Semina: Ciênc. Agrár. Londrina, v. 44, n. 4, p. 1463-1488, jul./ago. 2023

Figure 15. Decade ETa/PET ratio in the northwest region.

In the analysis of the monthly 
averages in the southwest region, all months 
consistently exhibited a high ETa/PET ratio, 
nearly always close to 1.00 (Figure 16). The 
only exception was June, where only two out 
of 45 years had an average value of 0.95. 
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March and August displayed a greater year-
to-year fluctuation in values, although there 
were few events with an average of 0.75, 
which does not constitute a drought.
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Figure 16. Monthly ETa/PET ratio in the south region.

in values, although there were few events with an average of 0.75, which does not constitute a drought. 
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Figure 17. ETa/PET ratio across seasons of the year in the southwest region. 
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As for the seasons of the year, no 
drought events were recorded in any of 
them (Figure 17). In the southwest region, 
occurrences with ETa/PET ratio lower than 

1.00 were sporadic. In all seasons, the 
average remained around 0.8, well above the 
threshold for stress conditions for the plant.
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Figure 17. ETa/PET ratio across seasons of the year in the southwest region.

The first decades of March and 
September (Figure 18) were the ones with 
the most frequent drought years among 
those evaluated. Meanwhile, the decades of 
November, APR3, JUN1, JUN2, JUL1, JUL3, 

in values, although there were few events with an average of 0.75, which does not constitute a drought. 
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AUG1, AUG2, OCT2, and OCT3 were the 
only ones that did not witness any year with 
a WHSI value lower than 0.6, maintaining an 
average close to 0.75.
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Figure 18. Decade ETa/PET ratio in the southwest region.

The first decades of March and September (Figure 18) were the ones with the most frequent 

drought years among those evaluated. Meanwhile, the decades of November, APR3, JUN1, JUN2, JUL1, 

JUL3, AUG1, AUG2, OCT2, and OCT3 were the only ones that did not witness any year with a WHSI value 

lower than 0.6, maintaining an average close to 0.75. 
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Our study findings revealed that the month of August, particularly its last decade, experiences the 

highest frequency of drought occurrences across the entire state. The northwest region stands as the most 

susceptible to drought, followed by the north, south, southwest, and coastal regions. In terms of seasonal 

impact, winter emerged as the season most severely affected by drought, with fall, spring, and summer 

following in decreasing order of vulnerability. 
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Conclusions

Our study findings revealed that 
the month of August, particularly its last 
decade, experiences the highest frequency 
of drought occurrences across the entire 
state. The northwest region stands as the 
most susceptible to drought, followed by the 
north, south, southwest, and coastal regions. 
In terms of seasonal impact, winter emerged 
as the season most severely affected 
by drought, with fall, spring, and summer 
following in decreasing order of vulnerability.
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