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HIGHLIGHTS:
The Standardized Precipitation Index (SPI) is one of the main tools for identifying droughts on different time scales.
The annual variability of rainfall in the municipality of Tangara da Serra can be explained by its geographic location.
The EI Nifio phenomenon influences the volume and temporal distribution of rainfall.

ABSTRACT: Regionally, the municipalitz of Tangara da Serra, Mato Grosso state, Brazil, has significant a%ricultural
Eotential due to its latitudinal and orographic conditions. The variability of meteorological elements, especially rainfall,
as direct impacts on the socio-environmental, economic and agricultural spheres, so assessing the intensity and
trends of this variability is essential to rationalize the use of water resources, quantify impacts and for decision-making
and planning to minimize possible negative impacts. In this context, the objective was to analyze the variability of
precipitation and apply the Standardized Precipitation Index (SPI) to quantify drought severity. Precipitation data
made available by tlg)e National Institute of Meteorology and the National Water and Sanitation Agency (ANA)
between 1970 and 2023 were used. These data were ana%yzed for monthly and annual distribution and subjected to
analysis of the probabilistic Gamma distribution model and SPI index. In general, in 47.1% of the years (25 years),
the annual average precipitation was higher than the historical average (1,774.4 mm). Between 2000 and 2023, only
15% of the years exceeded the historical average precipitation. Several years with prolonged dry periods indicated
by the SPI were observed in the analyzed period, with evidence of accentuation from the last 20 years; to better
analyze drought events and relate their influence on agriculture, time scales of 3 and 12 months were considered.

Key words: drought index, extreme events, El Nifio

RESUMO: Regionalmente, o municipio de Tangard da Serra, Mato Grosso, apresenta potencial agricola significativo
devido as suas condigoes latitudinais e orograficas. A variabilidade dos elementos meteorolégicos, especialmente
a chuva, tem impactos diretos nos ambitos socioambiental, econémico e agropecudrio, de modo que, avaliar a
intensidade e tendéncias dessa variabilidade sdo fundamentais para racionalizar o uso dos recursos hidricos,
quantificar os impactos e tomadas de decisdo e planejamento para minimizar possiveis impactos negativos. Nesse
sentido, objetivou-se analisar a variabilidade da precipitagio e aplicar o Indice Padronizado de Precipitagdo (SPI)
paraa quantificagdo da severidade de seca. Utilizou-se gados de precipitag¢ao disponibilizados pelo Instituto Nacional
de Meteorologia (INMET) e da Agéncia Nacional de Aguas e Saneamento Basico (ANA) entre 1970 e 2023. Estes
dados foram analisados quanto a distribui¢io mensal e anual e submetidos a andlise do modelo probabilistico de
distribui¢io Gama e indice SPI. Em geral, em 47,1% dos anos (25 anos), a média anual de precipitacio foi superior a
média histdrica (1.774,4 mm). Entre 2000 e 2023, somente 15% dos anos superaram a média historica de precipitagéo.
No intervalo de anos analisado, foram observados vérios anos com periodos de seca prolongados indicados pelo
SPI, com evidéncias de acentuagio a partir dos tltimos 20 anos; para melhor analisar os eventos de seca e relacionar
sua influéncia na agricultura foram considerados escalas de tempo de 3 e 12 meses.
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INTRODUCTION

The variability of meteorological elements has gained
prominence in recent years due to its direct impacts on crop
yields, causing effects on national and global scales (Guo et al.,
2022). The meteorological factor is considered one of the main
determinants of agricultural systems, with the precipitation
variable being the main factor responsible for water availability
in environments, directly influencing agriculture and crop yield
(Hoogenboom, 2019).

Rainfall has a major influence on environmental conditions,
and extreme events can directly impact water excess or
scarcity, affecting drought occurrences and the climatological
water balance. Additionally, any changes in rainfall patterns
can trigger various problems, especially in water availability,
causing irreversible effects on agriculture (Silva et al., 2021).

The state of Mato Grosso, Brazil, in addition to being a
major agricultural producer, has great biodiversity, mainly
because it is home to globally relevant regions, such as the
Pantanal, Cerrado and Amazon biomes, which occupy 54% of
its territory (Carauta et al., 2021). Regarding the agricultural
scenario, the state is a global leader in the production of crops
such as soybeans - Glycine max and corn - Zea mays, which
represent a large part of the country’s market value (CONAB,
2025).

The heterogeneity of the state is characterized by
interspersing agricultural and conservation areas. However,
the expansion of agricultural systems has generated some
irregular events in the region, such as increased temperature
and variability in rainfall patterns (Andrea et al., 2020). Tangara
da Serra is a municipality with agricultural potential, and the
exploitation of crops such as soybeans and corn is prominent
in the region, but extreme events such as severe droughts
have caused periods of low water availability and impacts on
agriculture (Barbieri et al., 2019).

Water scarcity is a natural risk that can occur frequently
around the world, to which, in addition to all the impacts
already described, agriculture is more vulnerable (Ingrao et
al., 2023). Thus, considering the instability of precipitation,
increased temperature and evapotranspiration, there may be
a decrease in the availability of water in the soil and extreme
water demand by plants, causing effects on all stages of growth
and development of agricultural crops, resulting in significant
losses in the production (Gozzo et al., 2019).

One of the main causes of variability in rainfall rates is
characterized by two distinct phases: El Nifio, when there are
exceptionally warm oceanic and atmospheric conditions in
the tropical Pacific, and La Nifia, when there is anomalous
cooling of the waters of the Pacific (Lin & Qian, 2019). These
phenomena affect several aspects, such as anomalies in
precipitation patterns and air temperature, and these changes
directly influence the physiology of plants and animals, as
well as the incidence of prolonged droughts depending on the
region under analysis (Barbieri et al., 2019).

Meteorological indices are the main tools for identifying
droughts on different time scales. The Standardized
Precipitation Index (SPI) was developed with the aim of
quantifying the severity and magnitude of droughts through
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numerical values (McKee et al., 1993). Several studies have
used this methodology to characterize major drought events in
different regions of Brazil, including research in Mato Grosso
state (Fernandes et al., 2024; Souza et al., 2024).

The SPI is the index recommended by the World
Meteorological Organization for assessing extreme drought
events, which, due to its ease of calculation, promotes its use
in several studies focused on agriculture and water resource
management.

Based on the above, this study aimed to evaluate the
variability of precipitation for the municipality of Tangara
da Serra, Mato Grosso state, Brazil, with annual and monthly
distribution, define different levels of precipitation probability,
and evaluate the incidence of droughts for the region using the
Standardized Precipitation Index. This study is expected to
confirm that in the Tangard da Serra region there is significant
variability on both annual and monthly scale, with specific
seasonal patterns. In addition, different levels of probability
of occurrence can be defined based on historical data, and
the incidence of droughts, assessed through the Standardized
Precipitation Index, which reveals critical periods of water
deficit that impact the region.

MATERIAL AND METHODS

The study was carried out in the municipality of Tangara
da Serra, located in the state of Mato Grosso, Brazil, at latitude
14° 39’ South, Longitude 57° 25’ West, with an average altitude
of 440 m (Figure 1). The predominant climate of the region,
according to Koppen’s classification, is characterized as
megathermal or tropical (Aw) (Souza et al., 2013), with two
well-defined seasons, one from May to September and the
other from October to April, dry and rainy, respectively, with
an average annual rainfall of 1,830 mm (Dallacort et al., 2011).

Precipitation data were obtained from two terrestrial
weather stations belonging to the National Institute of
Meteorology (INMET) and the National Water and Sanitation
Agency (ANA), covering the period from 1970 to 2023, on
a daily scale. The data were initially tabulated and analyzed
using mean and standard deviation tests. They were then
tabulated on a monthly scale to quantify drought events via
SPI (Figure 2). Drought events were quantified using the SPEI
package (https://cran.r-project.org/web/packages/SPEI/SPEL
pdf), which is freely available in R software. All analyses were
conducted in R.

The determination of probable precipitation was performed
using the probabilistic Gamma distribution model (Thom,
1958), whose function is given by Egs. 1 and 2

1 X
. xe? 1)

[(a+1)= eraa"ea(l+L+ 12—&3) (2)
12a 288a” 51840a

where:
f(x) - probabilistic Gamma distribution model;
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Figure 1. Geographical location of the municipality of Tangara da Serra, Mato Grosso state, Brazil

a - shape parameter (dimensionless);

B - scale parameter (mm);

e - base of the Napierian logarithm;

X - total precipitation (mm);

I - symbols of the gamma function (dimensionless); and,
7 - value of 3.14159265;

A commonly used method consists of equating the mean
(X) and variance (S?) of the sample to the mean and variance
of the population. This process leads to obtaining Eqs. 3 and
4, as stated by Dallacort et al. (2011).

(3)
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Figure 2. Flowchart of the methodology used to obtain the
results

SZ
p= 5 (4)

For this study, probability levels of 10, 25, 40, 60, 75 and
90% were determined for analysis and subsequent discussion
of the results.

The Standardized Precipitation Index (SPI) can be
calculated over different time periods. For this study, SPI-3 and
SPI-12 were used, with the aim of visualizing greater differences
within the historical series.

The SPI methodology is based on monthly sums of
precipitation only, evaluating drought events on different
time scales (1, 3, 6, 12, 24 and 48 months). Furthermore, this
method has already been used by several researchers in Brazil
(Paredes-Trejo, 2021).

All calculations were performed using the SPEI package
(Begueria & Vicente-Serrano, 2023) available in R software
(R Core Team, 2023). SPI was initially calculated using
the Gamma distribution method, which is defined by the
probability density function (PDF) described by Egs. 5 and 6:

o 5] =)

pr (o)

where:
B > 0 (B) scale parameter (mm);
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a > 0 (a) shape parameter (dimensionless);
x>0 (a) (x) total precipitation (mm); and,
I' (a) gamma function.

I'(a)= Tt“’le"dx (6)

All parameters, including the gamma probability density
function, were adjusted based on the frequency distribution of
accumulated rainfall used in the study. The a and p measures
of the function were estimated for each station analyzed, using
the Maximum Likelihood Method (MLM) (Thom, 1958), to
estimate the parameters (Egs. 7 and 8).

1+ /1+ﬂ
3

o= ?)

(8)

The classification of calculated SPI values is determined
based on the limits specified in Table 1. Positive SPI values
indicate above-average precipitation, while negative values
represent below-average precipitation. Drought condition
occurs when the SPI value is constantly negative.

Table 1. Standardized precipitation index (SPI) values

SPI Category

0t02.00 Extremely Wet
1.5101.99 Severely Wet
1.00t0 1.49 Moderately Wet
0.11t00.99 Incipient Wetness
0t0-0.99 Incipient Drought
-1.00 to -1.49 Moderately Dry
-1.5010-1.99 Severely Dry
0to-2.00 Extremely Dry

Source: Adapted from Liu et al. (2021)

RESULTS AND D1SCUSSION

The annual distribution of precipitation in the Tangard da
Serra region, Mato Grosso state, Brazil, indicates a variation in
rainfall rates during the 40 years evaluated, with a maximum
annual accumulation of 2,770.50 mm, representing the year
1990, and an annual minimum in the year 2023, with an
accumulation of 1,262.2 mm. The average annual precipitation
for the period from 1970 to 2023 is 1,774.4 mm. The annual
behavior of rainfall in the region (Figure 3) indicates that
only 25 years (47.1%) of the rainfall rates exceeded the overall
average, with 2018 being the last year of occurrence.

When analyzing only the last 23 years (2000 to 2023),
only 15% exceeded the historical average; however, a decrease
in annual rainfall values is noticeable from 2018 onwards,
reaching the lowest rate within the series. The annual
variability of rainfall in the municipality can be explained
by its geographic location, that is, in the Cerrado the annual
averages tend to vary around 1,486 * 146.8 mm; however,
the municipality is in a transition environment between the
Cerrado and the Amazon biomes, which generates an increase
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in rainfall rates, considering that the highest averages are in
these ecotones.

One of the factors that may be associated with the
annual reduction in rainfall rates, especially since 2018, is
climate change, which has been responsible for influencing
precipitation patterns in several ecosystems and regions in
recent decades (Portner et al., 2021). Changes in the patterns
of some climate variables generate several problems in the
agricultural sector regardless of the region. Regarding rainfall,
future estimates indicate a significant reduction in rates for the
region, reaching 17% of areas unsuitable for agriculture due to
changes in rainfall patterns (Andrea et al., 2020).

When evaluating the distribution of rainfall on a monthly
scale (Figure 4), it can be seen that for the municipality of
Tangara da Serra, the precipitation rates are divided into two
distinct seasons, a dry season with the lowest rainfall rates (June
to August) and a rainy season with the highest precipitation
volume (October to April). The months of May and September
are considered transition months, with a reduction and an
increase in precipitation, respectively.

These results corroborate those of Barbieri etal. (2019), who
observed similar rainfall behavior for the region, identifying
two distinct phases, rainy (October to April) and dry (May to
September), periods that are caused by the movement of hot
and humid air masses formed in the Pacific Ocean and brought
by the winds to the location.

In the rainy season, when the highest monthly precipitation
rates occur, months with greater rainfall variability are
observed, periods that represent the maximum and minimum
values of the rainy season, with 585.8 mm in February 2010 and
7.8 mm recorded in March 1983. In contrast, the dry season
has the lowest variability in monthly accumulations, with 0.00
mm in several years, and the maximum value recorded was
96.4 mm in 1981, in August (Figure 3).

This oscillation is important to measure the behavior of
rainfall within the years evaluated, thus highlighting all the
values recorded within each period. One of the indicators for
rainfall amplitude on a monthly scale is the increase in the
intensity of events, which in some aspects does not modify the
overall averages, but can result in more frequent rainfall in a
short period, especially in the rainy season when the months
show the greatest standard deviations, thus confirming all
the variability within this short period (Dallacort et al., 2011;
Santos et al., 2023).

These low rates can cause water deficit, which is considered
the main factor in reduced yield, affecting the quality and size
of the grains. This factor further highlights the severity of water
shortages during the dry season in the region, causing a delay
in the maintenance of the hydrological cycle, in addition to
changes in water input and output in the system (Cassettari
& Queiroz, 2020).

The average annual rainfall observed in this study is present
in probability estimates of 40 and 50%, these levels being the
closest to the overall average. Considering specific estimates
such as 25, 50 and 75% probability, average values of 1,968.4,
1,735.7 and 1,522.1 mm were observed, respectively (Table 2).

According to Barbieri et al. (2019), knowledge of the
region’s probable precipitation provides a greater margin of
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Figure 3. Annual cumulative distribution of precipitation from 1970 to 2023 for Tangard da Serra, Mato Grosso state, Brazil

Figure 4. Average monthly rainfall distribution from 1970 to 2023, in Tangara da Serra, Mato Grosso state, Brazil

safety in agricultural planning and irrigation systems, allowing
for better water management, in addition to increasing
reliability in decision-making.

Probability levels can be considered crucial indicators in
the analysis of climate variability. In addition to corresponding

to an essential function in weather forecasting, they can be
associated with the possibility of knowing the region’s probable
climate patterns, making it possible to assign a return period
to any precipitation value (Dallacort et al., 2011; Abreu et al.,
2017).

Rev. Bras. Eng. Agric. Ambiental, v.29, n.9, €291712, 2025.
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Table 2. Monthly distribution of rainfall probability for Tangara da Serra, Mato Grosso state, Brazil

Probability levels

Months X S A B 10%
Jan 298.7 119.0 6.3 47.4 457.7
Feb 2721 113.6 5.7 47.4 4241
Mar 260.6 108.0 5.8 44.8 4051
Apr 145.2 90.5 2.6 56.4 266.4
May 66.0 59.4 1.2 53.5 144.3
Jun 16.3 21.8 0.6 29.3 431
Jul 9.3 15.4 0.4 25.4 26.7
Aug 20.9 25.9 0.7 32.0 53.4
Sep 55.8 48.7 1.3 42.5 120.2
Oct 135.6 741 3.3 40.5 235.0
Nov 207.2 87.0 5.7 36.5 323.6
Dec 269.0 83.0 10.5 25.6 379.4

Annual 1,756.7 333.0 27.8 63.1 2,194.7

25% 40% 50% 60% 75% 90%
368.1 313.3 283.0 254.8 212.3 159.9
337.8 285.3 256.5 229.7 189.4 140.4
323.2 273.2 245.8 220.3 182.0 135.2
191.9 149.2 126.9 106.9 78.6 47.8
91.1 63.0 49.3 37.7 23.0 9.8
21.9 12.2 8.1 5.1 2.1 0.4
11.4 5.3 3.0 1.6 0.4 0.0
28.6 16.9 1.7 7.8 3.5 0.8
76.9 53.8 42.4 32.9 20.5 9.1
175.7 140.9 122.4 105.5 81.2 53.4
257.5 217.3 195.2 174.7 143.9 106.4
319.4 281.7 260.5 240.4 209.3 169.5
1,968.4 1,777.6 1,735.7 1,653.3 1,522.1 1,345.7

B > 0 (B) scale parameter (mm); a > 0 (a) shape parameter (dimensionless); the mean (X) and, variance (S*)

In the rainy season, when precipitation rates are the highest
recorded, there was high variability in rainfall among the
probability levels. However, when evaluating only 25, 50 and
75%, there was an increase and a reduction in probable rainfall,
in the months of least uniformity (January and February), with
values of 368.1, 283 and 212.3 mm for each scale, respectively.

In a study carried out for the Amazon and Cerrado
regions, Rattis et al. (2021) found, according to future climate
projections, a reduction in precipitation rates, considering
only the 2030 and 2060s, with a decrease of 124 and 145 mm,
respectively. These studies further indicate the real impact of
possible changes in the climate.

The dry season, which represents the months with the
lowest precipitation, showed a reduction in probable rainfall
rates for the region. When analyzing only 75% probability, an
accumulated reduction of up to 40.5 mm can be seen in the
months of June, July, and August, a decrease also observed at
other probability levels such as 50, 60, and 90%. Analytical
understanding of probable precipitation rates ensures greater
stability in decision-making, especially in irrigation, enabling
prior knowledge of possible changes in the water regime, and
thus further improving the use of natural resources (Melo &
Lima, 2021).

The distribution of SPI-3 is characterized by the oscillation
of wet and dry periods; however, from 1994 onwards there was
a greater accentuation of dry periods for Tangara da Serra. The
main events identified were from 2002 to 2004, from 2010 to
2011, from 2015 to 2016 and from 2019 to 2022, events that
stood out for their duration and intensity, reaching a scale of
-2.00, classified as exceptionally dry. All changes in drought
patterns for the municipality, changing wet periods to dry ones,
are indicated by the trend line, and with the beginning of the
21* century, events with greater intensity occurred, indicating
a decreasing line until 2023 (Figure 5). Climate variation can
be attributed to the impacts generated by the El Nifio-Southern
Oscillation (ENSO) phenomenon, and during these events
there are variations in climate factors such as temperature and
precipitation, thus generating a greater incidence of droughts
in the regions, occurring with greater intensity and frequency
(Lin & Qian, 2019).

The Cerrado region has climate variability due to latitudinal
variation and topographic amplitude, with a direct effect of air
masses on temperature, precipitation, and humidity conditions,
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a fact that can explain the different rainfall rates in the region,
as well as the incidence of droughts, making the region
intermediate and dependent on these factors (Nascimento &
Novais, 2020).

With SPI-12 it is possible to determine the wettest periods
of the study, that is, from 1980 to 1990, which were classified
as moderately humid or severely humid, periods that had
the highest annual averages, exceeding the historical average
observed in this study (Figure 6). In this distribution, there
has been a greater accentuation of droughts in recent years
(from 2019 to 2023), a condition that can have several negative
effects on human life and agriculture, with precipitation being
responsible for the water availability in the region. Following
the trend line for both distributions, these events are expected
to intensify and occur more frequently, and the decreasing line
points to possible sequential periods of drought.

These results corroborate those recorded by Cunha et al.
(2019) when analyzing all Brazilian states in the period from
2011 to 2019 and Junqueira et al. (2020) when analyzing
Juazeiro, BA, between 1980 and 2012, where the authors
identify the main episodes of droughts from the beginning of
the 21st century, with emphasis on 2011 to 2019, with events
with greater frequency, intensity and severity, with severe
droughts for the entire central region of Brazil in the years
from 1997 to 1998, from 2014 to 2015, and from 2015 to 2016.
According to the authors, these events caused a serious water
crisis, with the greatest severity recorded in the last 100 years.

Rainfall has shown significant variation over the years,
with irregular distribution across annual periods, especially in
recent years, highlighting the impacts of climate change. In this
context, it is essential to expand knowledge about the effects of
extreme climate events on the agricultural sector, considering
the importance of agribusiness to the Brazilian economy and
the risks associated with its consequences (Nobre et al., 2019).

The SPI results demonstrated significant variation in
conditions over the years analyzed. While the wetter categories
were recorded less frequently, drought categories, especially
moderately dry, severely dry, and extremely dry, had a higher
incidence, reaffirming results already observed in this study,
demonstrating great variability in rainfall patterns.

In the Midwest and throughout Brazil, the occurrence of
severe droughts is becoming more frequent. And with the
advancement of these climate changes, even more intense
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Standardized Precipitation Index (SPI)

Figure 5. Standardized Precipitation Index SPI-3 for Tangara da Serra, Mato Grosso state, Brazil, from 1970 to 2023

Standardized Precipitation Index (SPI)

Figure 6. Standardized Precipitation Index SPI-12 for Tangard da Serra, Mato Grosso state, Brazil, from 1970 to 2023

events are expected, which will harm various ecosystems,  distribution and variability is directly related to the dynamics
people, and agriculture. As rain is the main form of water  of the atmosphere and the relief of the region, drought events
entry into the hydrological cycle (Souza et al.,, 2013), and its  directly influence agricultural yield.

Rev. Bras. Eng. Agric. Ambiental, v.29, n.9, €291712, 2025.
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According to the results, the variability of rainfall rates is
visible throughout the period studied, in which the annual
scale shows a tendency for rainfall to decline in the region,
and there may be several factors associated with this change,
such as geographic location, climate change, extreme events,
among others.

Rainfall has an orderly distribution throughout the
year, with rainy and dry periods, which may be associated
with the incidence of droughts, when there is a reduction
in precipitation over a longer time scale. In addition, it is
important to measure other factors that cause droughts,
such as increased temperature and, consequently, greater
evapotranspiration, processes that tend to remove more water
from the environment, affecting soil moisture, reservoirs
and the water balance. These changes in temperature are
consequences of greenhouse gases from fires and pollutant
sources such as industries and vehicles (OBSERVATORIO
DO CLIMA, 2023).

The study indicates that meteorological factors are already
being affected by human actions, changes in rainfall and
temperature patterns, which may not only affect human life, but
also have a direct impact on several sectors such as agriculture,
a sector that is totally dependent on climate conditions.

CONCLUSIONS

1. In the municipality of Tangard da Serra, there have been
changes in rainfall patterns over the last 50 years, with the
average annual rainfall being 1,774.69 mm, behavior possibly
associated with the frequency of occurrence of ENSO events.

2. The region has two well-defined seasons, a rainy season
that occurs between the months of October and April, and
a dry season from June to August. The months of May and
September were classified as transition months, when rainfall
levels decrease and increase, respectively.

3. There was variability in rainfall for the rainy season,
considering the probability levels, with January and February
being the most affected months, and there was a reduction in
rainfall during the dry season.

4. Several months were diagnosed with prolonged droughts,
according to the Standardized Precipitation Index, with indexes
on the -2.0 scale, characterized by a reduction in rainfall levels
in the region, especially in the last years analyzed from 2019
onwards, following the annual distribution of reduced rainfall.
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