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Abstract

This study analyzes the occurrence of droughts in the far west of Santa Catarina using the precipitation time
series and the Standardized Precipitation Index (SPI) from 2001 to 2022. Through an introduction to the
phenomenon of droughts and their socio-environmental relevance, we highlight the importance of understanding
regional precipitation dynamics and their implications for sustainable development. The methodology combines
qualitative and quantitative analysis, using rainfall data obtained from NASA's GIOVANNI platform, and time
series analysis using R to break down the rainfall series into its fundamental components and calculate the SPI
on short, medium, and long term scales. The results reveal significant rainfall variation: there are periods of
drought of varying intensities identified by the SPI. The temporal analysis did not indicate significant long-term
trends or clear seasonality, suggesting that the variations are predominantly influenced by random factors. The
discussion emphasizes the applicability of SPI as a tool for monitoring droughts, highlighting the complexity of
rainfall dynamics in the region and the need for adaptive approaches to water resource management. The final
considerations emphasize the relevance of this study for understanding droughts in the far west of Santa Catarina
and highlight the importance of proactive strategies for mitigating aand adapting to climate change and natural
variability. This work contributes to the body of knowledge on droughts in the region and offers valuable insights
for planning and implementing sustainable water management measures.
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I.  Introduction

Climatic phenomena, especially droughts, give rise to in-depth reflections on their causes, detection, and
socio-environmental impacts. This is characterized by its prolonged duration and unpredictability (MISHRA &
SINGH, 2010, 2011) and presents challenges for its prediction and for managing its consequences, especially in
regions with different regional characteristics. Meteorological drought is a reduction in the volume of
precipitation below a specific threshold (NAUMANN et al., 2018; PAN et al., 2018); it directly affects water
resource management and impacts activities such as irrigation and agricultural management, which are essential
for the sustainability of river basins.

DOI: 10.9790/487X-2606055361 www.iosrjournals.org 53 | Page



Analysis Of Drought Occurrence In The Westernmost Santa Catarina Using.........

The relevance of this phenomenon extends to its direct impact on agriculture, as it compromises crop
productivity (ARORA, 2019; JAVADINEJAD et al., 2021) and consequently influences the ability to meet crucial
Sustainable Development Goals, including poverty eradication, food security, and health promotion (SDGs 1, 2
and 3, respectively) (YUSA et al., 2015). Evidence from global and regional climate models indicates an upward
trend in the duration and extent of droughts throughout the 20th century (SPINONI et al., 2015), with studies such
as Schierhorn et al. (2020) showing significant reductions in wheat and barley production due to drought in
Kazakhstan between 1980 and 2015.

In the South American scenario, Brazil — with its vast ecosystem and climatic diversity — shows
significant variations even between states with similar territorial extensions. Specifically, the state of Santa
Catarina, located in the south of the country, is notable for its climatic diversity, influenced by air masses and
ocean currents (ANDRADE et al., 1999; COAN et al., 2014). This variation is particularly evident in the far west
of Santa Catarina, where the combination of different altitudes contributes to various climatic conditions
(MONTEIRO, 2001).

Public policies have emerged as being fundamental in resolving local issues, especially those related to
cultural, climatic, and geographical peculiarities. Milani (2008) points out that for public policies to be effective
and reflect population and regional dynamics, it is essential that the community actively participates in decision-
making and management.

Raeder (2014) emphasizes that, before they are launched, public policies must be based on robust
preliminary studies, which often emanate from government efforts, but without neglecting the valuable
contributions of technical-scientific research and analysis. The latter are vital for an in-depth understanding of the
phenomena that motivate the creation of public policies. The application of indices has become the conventional
approach to assessing the impact of droughts on agriculture; such indices offer a quantitative way of characterizing
the main properties of drought: its intensity, duration, severity, and spatial scope, understandably and
straightforwardly.

Several indices have been developed and used as tools for assessing droughts, including the Standardized
Precipitation Index and the Standardized Precipitation and Evapotranspiration Index, which are widely recognized
and used globally (LI et al., 2015; LEE et al., 2017; KARATAYEV et al., 2022). However, a universal method
has yet to be established to assess the impact of extreme weather events such as droughts. This study aims to fill
this gap by employing climatological series and adapted statistical modeling to derive the Standardized
Precipitation Index (SPI) at different time scales: quarterly (short-term), semi-annual (medium-term), and annual
(long-term). The comparative analysis of these scales will make it possible to determine whether there has been
an increase in the frequency and duration of droughts in the region under study. This research is conducted to
answer the question: "Has the frequency and duration of droughts in the far west of Santa Catarina increased?"

This work aims to analyze the occurrence and spatiotemporal variation of droughts in the far west of
Santa Catarina by analyzing precipitation time series from 2001 to 2022. Additionally, using the Standardized
Precipitation Index (SPI), it seeks to identify patterns of recurrence and intensity of droughts and provides
subsidies for a better understanding and management of droughts in the region.

Definig of the study area

The west of Santa Catarina has been undergoing a process of accelerated industrialization, which,
combined with population growth in certain cities, has intensified the degradation of natural environments,
especially with regard to water resources. The region, despite having a significant volume of surface water and
high annual rainfall (BACK et al., 2019), faces the constant threat of long periods of drought that negatively affect
the quality of its springs (CAMPOS et al., 2018; MARINS et al., 2019; RAMBO et al., 2017).

This recurring water shortage in western Santa Catarina is exacerbated by climatic variations and
unsustainable agricultural practices, such as deforestation, erosion, and silting up of rivers, which increase the
severity of drought events (RAMBO et al., 2017; TERNUS et al., 2011). The region has been facing extreme
weather events, including frequent and intense droughts. According to recent data from the EPAGRI/CIRAM
hydrological bulletin, the beginning of 2022 marked Santa Catarina with one of the most severe droughts in its
history, evidenced by a significant reduction in the volume of rainfall, particularly in the West region, where the
average rainfall was between 30 and 40mm - far below the expected 150mm (EPAGRI/CIRAM, 2022).

The FAO points out that although droughts in Brazil do not directly cause immediate human losses, they
degrade livelihoods by causing declines in food production and income generation (FAO, 2020). The interaction
between family farming and climate extremes has increased the vulnerability of agricultural production systems
to climate change (BONATTI, 2019). Subsistence farming, practiced by small producers in western Santa
Catarina, is particularly at risk from climate change, partly due to the lack of financial resources to adapt or modify
their production systems (GLANTZ et al., 2009; FAQ, 2011).

Environmental degradation in the agricultural ecosystem of western Santa Catarina is often a product of
climatic and human factors, which include the unsustainable expansion of irrigation infrastructures, ineffective
land use management, and inadequate drainage systems. Karatayev et al. (2022) argue that risk management
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strategies associated with droughts and climate change require proactive rather than reactive actions; they also
highlight the need for mitigation policies to reduce dependence on fossil fuels, cut carbon emissions, and reform
unsustainable agricultural practices, incorporating such measures into government mitigation programs.

The study area delimited comprises the 21 municipalities that make up the far west of the Santa Catarina
micro-region, also known as the Sdo Miguel do Oeste micro-region, in Santa Catarina, Brazil. The micro-region
in focus, as illustrated in Figure 1, is covered by two important river basins: the Peperi Guacu River basin and the
Rio das Antas basin. The specific municipalities of this research include Anchieta, Bandeirante, Barra Bonita,
Belmonte, Descanso, Dionisio Cerqueira, Guaraciaba, Guaruja do Sul, Ipord do Oeste, Itapiranga, Mondai, Palma
Sola, Paraiso, Princesa, Riqueza, Romelandia, Santa Helena, Sdo Jodo do Oeste, Sao José do Cedro, Sdo Miguel
do Oeste, and Tundpolis.

Figure 1 - Extremo Oeste Catarinense micro-region area.
Red: boundary of the study area. Green: 21 municipalities. Blue: river basins.
Central coordinate of the study area: Latitude: 26°45'S Longitude: 53°30'W
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Standardized Precipitation Index - SPI

The Standardized Precipitation Index (SPI), introduced by McKee et al. (1993), is a measure developed
to quantify precipitation in a way that allows comparisons between different regions and periods of the year,
regardless of climate variability. This index is widely used to monitor droughts and evaluate episodes of abundant
precipitation.

The versatility of the SPI lies in its ability to monitor humidity and drought conditions on various time
scales, making it applicable in multiple contexts. Drought is typically defined as a precipitation deficit resulting
in insufficient water for vital societal activities. Mendes (2008) characterizes meteorological drought as a
reduction in precipitation rates compared to the expected pattern for a specific area during a stipulated period.
The definition of drought varies according to each region due to the different atmospheric conditions that
influence precipitation. Drought analysis can be simplified by considering the beginning and end of an event and
using indices that consider time series data, such as precipitation, air temperature, and soil humidity.

The SPI has been adopted by state and federal programs in Brazil to monitor drought conditions in
various regions, including the Sdo Paulo State Government's INFOSECA portal (2023). The SPI quantifies
drought on different time scales, making it relevant for rainy periods and droughts (SILVA et al., 2021; BLAIN
& KAYANO, 2011).
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The SPI can be calculated on various time scales: the SP1-01 (monthly) reflects short-term conditions
and is helpful for monitoring changes in soil humidity and impacts on agriculture. The SPI-3 (quarterly) and SPI-
6 (biannual) are medium-term indicators that help analyze soil humidity and can point to trends in weather
patterns. The SPI-12 (annual) and SPI-24 (biennial) scales are used to identify more prolonged impacts of
droughts, especially on agriculture. Guttman (1999) and Fernandes et al. (2009) discuss SPI calculation in-depth.

SPI values are interpreted on a scale that classifies humidity and drought, ranging from extreme to
normal (McKee et al., 1993): Extreme Drought (< -2.0 SD), Severe Drought (-1.5 to -1.99 SD), Moderate Drought
(-1.0 to -1.49 SD), Normal (-0.99 to +0.99 SD), Moderate Humidity (1.0 to 1.49 SD), Severe Humidity (1.5 to
1.99 SD), and Extreme Humidity (> 2.0 SD). The SPI, expressed in standard deviations (SD), measures how far
the observed accumulated rainfall is from the climatological average, with seven thresholds that cover the most
extreme situations of deficit to those of excess rainfall.

Il.  Methods

The theoretical-methodological approach of this study was motivated by the need to cross-reference real
observations of the phenomenon under investigation with theories capable of validating or refuting the research
objective. Thus, characterized by its applicability, the research aimed at a qualitative-quantitative analysis of the
phenomenon in the region in focus, adopting an exploratory-descriptive method.

The research was structured in the following stages: 1) Identification of the problem and delimitation of
the study area; 2) Integrative literature review; 3) Collection of regional data; and 4) Harmonization of theoretical
and practical aspects for applying statistical models.

For data collection, the monthly rainfall records of all the municipalities in the micro-region under study,
obtained from NASA's GIOVANNI (2023) platform, were essential. The definition of polygons within the 21
municipalities, with specific latitude and longitude coordinates, made it possible to generate accurate data on the
platform.

The data used comes from the historical monthly averages generated by the "GPM IMERG Final
Precipitation L3 1 month 0.1 degree x 0.1 degree V06 (GPM_3IMERGM)" model. This model stands out for its
planimetric resolution of 0.1°, equivalent to an approximate area of 10 km2 per quadrant, which was appropriate
for this study.

This model represents the unified US algorithm that integrates precipitation products from multiple
satellites. According to the GIOVANNI website (2023), the data is collected from a combination of precipitation
estimates from various satellite passive microwave sensors, which are part of the Global Precipitation
Measurement (GPM) constellation, intercalibrated by the CORRA algorithm (Combined Ku Radar-Radiometer
Algorithm); this results in highly accurate precipitation records at half-hourly intervals. The CORRA adjustment
to the monthly data is based on the Global Precipitation Climatology Project (GPCP) Satellite Gauge (SG)
product. It corrects for known biases in both high latitude oceans and tropical land regions. The model's spatial
coverage covers the entire planet, and for this study, the time series analyzed extended from June 1, 2000, to
September 30, 2021, totaling 223 months or approximately 18 years and seven months.

The accumulated monthly rainfall data for the study area is calculated from the GIOVANNI website
(2023) and adjusted to the model grid using the extreme coordinates defined for each municipality (Figure 2).
This data is available in a text file containing a spreadsheet, which includes eight initial header lines with
information about the product obtained. These are followed by two columns with monthly data: the "TIME"
column indicates the period to which the data refers, and the "MEAN" column shows the average rainfall for that
period.

Figure 2 - Example of a polygon for capturing data on the GIOVANNI
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The R statistical programming language (R Core Team, 2020) and the RStudio development
environment (RStudio Team, 2020) were used in the time series analysis phase. The analysis steps included:

- Basic Descriptive Analysis: Descriptive analyses were conducted to obtain an overview of the collected data.

- Time Series Decomposition: Additive models were applied to decompose the time series into its fundamental
components: trend, seasonality, stationarity and random component. For trend analysis, the moving averages
method was applied; it is a technique that smoothes the series, facilitates the removal of outliers, and helps
identify trends.

- Autocorrelation and Partial Autocorrelation Analysis: These analyses were fundamental to understanding the
temporal dependence between the points in the series.

- Analysis of Residuals and Normality Tests: After the general analyses, the random part of the time series was
examined using tests to verify the normality of the residuals.

Based on these preliminary analyses, statistical modeling of the time series was carried out to calculate
the Standardized Precipitation Index (SPI) on the short-term (3 months), medium-term (9 months), and long-term
(12 months) scales. The aim was to analyze the periods of drought on these different time scales and determine
whether there was an increase in the frequency or duration of droughts on any of these scales.

I1l.  Results And Discussion

The analysis of the rainfall time series focused on droughts revealed insights into three main segments:
the statistical description of the series, the additive decomposition of the time series, and the interpretation of the
Standardized Precipitation Index (SPI).

In describing the time series, the average rainfall was 182mm with a standard deviation of 96mm over
the period analyzed. The median was 177mm, with an interquartile range of 105 to 235mm, suggesting significant
variation in monthly rainfall, ranging between the 9mm and 538mm extremes. The non-normal distribution of the
data (Shapiro test: p-value < 0.001) and the presence of higher outliers highlight the inherent variability of this
type of environmental data (Figure 3).

Figure 3: Time series indicating the mean and standard deviation
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The monthly averages over the study period showed minimums in August, close to 110mm, and
maximums in October, around 280m. The existence of extreme peaks that exceed the monthly averages both by
excess and defect indicates the complexity of the rainfall pattern, as shown in Figure 4. These extremes
demonstrate that the isolated use of monthly averages provides a limited view, underlining the need for more in-
depth analysis to understand the dynamics of droughts in the region.

Figure 4 - time series, from January to December, with monthly average values (blue lines)
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The autocorrelation analysis revealed a p-value < 0.001, which indicates the absence of autocorrelation
and the lack of obvious seasonal patterns. This finding is fundamental, as it suggests that the variations observed
in the time series are predominantly random, without a clear trend of seasonal repetition or predictable long-term
patterns (Figure 5).

The additive decomposition of the time series made it possible to isolate and examine the trend,
seasonality, and randomness components. The analysis revealed no significant upward or downward trends in
rainfall over time, suggesting stability in the rainfall series. Likewise, due to the absence of repetitive patterns,
the seasonality component corroborated the idea that no marked seasonality affects the rainfall pattern in the
region. The randomness of the rainfall data, as evidenced by the random component, reaffirms the unpredictable
nature of the natural variations in the rainfall time series (Figure 5).

Figure 5: components of the additive decomposition of the rainfall series. A: original series, B: time
trend, C: seasonality, D: randomness.
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The generation and analysis of SPI graphs are crucial for identifying the severity and duration of droughts
on different time scales, as well as providing a comparative tool for assessing drought variations over time. The
3-month SPI (Figure 6A), focused on short-term conditions, is particularly relevant for analyzing soil humidity
and its immediate impacts on agriculture. The 6-month scales (Figure 6B) provide a medium-term perspective
that is useful for assessing longer-term agricultural impacts and water management. Finally, the 12-month SPI
(Figure 6C) reflects long-term impacts on water resources, including availability in reservoirs and aquifers.

Figure 6: SPI. A: 3 months, B: 6 months, C: 12 months
Thresholds: Extreme Drought (< -2.0 SD), Severe Drought (-1.5 to -1.99 SD), Moderate Drought (-1.0 to -
1.49 SD)
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Source: The authors

The SPI graphs illustrate different drought intensities over the time scales analyzed, allowing a detailed
understanding of the evolution of drought conditions in the region. This analysis, complemented by classifying
droughts into intensity categories based on standard deviations, provides a solid basis for interpreting the severity
of observed droughts and anticipating possible future trends. These characteristics have been summarized in the
table in Figure 7.

Figure 7: Summary of drought events by year, period and intensity.
Bold underlined years: major drought events

Prazo |Intensidades |01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20| Num.
moderada XX | X X XX X | X X X X X 12
curto [severa XX X X X X X 7
extrema X XX 3
moderada X X| X X X 5
médio [severa X X X X X | X 6
extrema X X X X 4
moderada X X X X | X 5
Longo |severa X b4 2
extrema X X 2

Source: The authors
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Detailed analysis of the SPI summary table (Figure 7) offers profound insights into the frequency and
intensity of droughts over the years, which shows significant patterns. The year 2006 is notable for the occurrences
of extreme droughts on all time scales. In 2009, there was a return of severe and extreme events, especially in the
short and medium term, as well as in 2012, when moderate, severe, and extreme drought events were identified
on all the time scales studied.

The period from 2018 to 2020 deserves special attention. Compared to the analysis from 2001 to 2017,
which recorded severe drought events in only three non-consecutive years (2006, 2009, and 2012), there has been
an increase in the recurrence of drought events in more recent years. The SPI data indicates that drought events
of various intensities have occurred consecutively in the region under study.

In 2018, the highlight was events of moderate intensity on all time scales, including a short-term severe
event. In 2019, severe events were recorded in the short and medium term, with extreme events in the short term
and moderate events in the long term. In 2020, the situation was intensified by severe events on all time scales
and extremes in the short and medium term, while moderate or severe events were observed in the long term.

This longitudinal analysis indicates increased recurrence and continuity of droughts in recent years. The
tendency for droughts to intensify will be better understood over time and with further analysis of the time series
in this region of Santa Catarina.

IV.  Concluding Remarks

This study offered a comprehensive analysis of rainfall variability and the occurrence of droughts in the
far west of Santa Catarina, using a qualitative-quantitative approach and exploring the Standardized Precipitation
Index (SPI) on various time scales. The results highlight the complexity and variability of rainfall in the region
and show periods of drought of different intensities and durations.

Statistical analysis revealed a rainfall distribution with significant variation, characterized by a wide
range of monthly precipitation and outliers, reflecting rainfall's unpredictable and non-uniform nature. The
additive decomposition of the time series did not identify significant long-term trends in rainfall or clear seasonal
patterns, underlining the predominance of random factors in the found rainfall variations.

The SPI graphs, at different time scales, provided valuable insights into the severity and timing of
droughts, allowing for a more detailed understanding of how these events affect the region. The absence of clear
trends in the time series suggests that although droughts do occur, they are influenced by a complexity of
environmental factors that vary over time.

The application of the SPI was an effective tool for monitoring and evaluating droughts and provided a
quantitative basis for comparing the severity of droughts between different periods and regions. This analysis is
fundamental for planning water resources and implementing mitigation strategies that can minimize the adverse
impacts of droughts on agriculture, water supply, and the region's natural ecosystems.

Faced with the challenges posed by climate change and natural climate variability, this study underlines
the importance of continuing to research and monitor droughts in the far west of Santa Catarina. Future initiatives
should seek to improve understanding of the mechanisms underlying rainfall variations and develop predictive
models based on machine learning that can anticipate drought events and help make proactive decisions for
managing water resources and adapting affected communities.
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