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Abstract 

The Cariri region of Paraiba, located in the semi-arid region of Northeast Brazil, is a region 
characterized by high temperatures, great irregularity in the spatio-temporal distribution of 
precipitation, and long periods of drought. These conditions generally exert a strong influence on 
the local agriculture-based economy. With an expected increase in extreme events, it is crucial to 
study the distribution of precipitation and temperatures. Therefore, this study aims to analyze 
temporal patterns of precipitation and temperature in the municipalities of Monteiro and São João 
do Cariri, seeking to identify trends in the historical series. Precipitation and temperature data were 
used and the non-parametric Mann-Kendall, Sen's, and Pettitt tests were applied. The results 
indicated a statistically significant trend in the annual and monthly temperature data (in the months 
of May, April and June) for Monteiro, whereas this condition was not observed for the precipitation 
of the localities under analysis. As for the ruptures identified with Pettitt's method in the annual 
series of precipitation and temperature observed, these occurred, respectively, for Monteiro in the 
years 1999 and 1997 and in São João do Cariri in the years 2011 and 2009. Thus, although the 
municipalities present a similar climatic pattern, the trends identified were only detected in the 
temperature for Monteiro. Therefore it is of fundamental importance to carry out more studies 
covering the entire area of Cariri Paraibano, since comprehensive knowledge will facilitate the 
understanding of the specific needs of each municipality in the face of climate impacts. 
Keywords: 
Cariri paraibano, Extreme events, Precipitation, Temperature. 
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Resumo 

O Cariri paraibano, situado no Semiárido do Nordeste Brasileiro, é uma região caracterizada por 
altas temperaturas, com grande irregularidade na distribuição espaço-temporal da precipitação e 
com longos períodos de estiagem. Estas condições, geralmente, exercem forte influência na 
economia local baseada na agropecuária. Com o aumento previsto de eventos extremos, é crucial 
estudar a distribuição das precipitações e das temperaturas. Diante disto, este estudo tem como 
objetivo analisar padrões temporais de precipitação e de temperatura dos municípios de Monteiro 
e São João do Cariri, buscando identificar tendências na série histórica. Foram utilizados dados de 
precipitação e de temperatura e aplicados os testes não-paramétricos de Mann-Kendall, Sen’s e 
Pettitt. Os resultados indicaram, tendência estatisticamente significativa nos dados de temperatura 
anual e mensal (nos meses de maio, abril e junho) para Monteiro. Essa mesma condição não foi 
observada para a precipitação das localidades em análise. Quanto as rupturas identificadas com o 
método de Pettitt na série anual de precipitação e temperatura observadas, estas ocorreram, 
respectivamente, para Monteiro nos anos de 1999 e 1997 e em São João do Cariri nos anos de 2011 
e 2009. Desta forma, conclui-se que, apesar dos municípios apresentarem um padrão climático 
semelhantes as tendências identificadas foram apenas detectadas na temperatura para Monteiro. 
Desta forma, é de fundamental importância a realização de mais estudo abrangendo toda a área do 
Cariri Paraibano, uma vez que o conhecimento abrangente facilitará a compreensão das 
necessidades específicas de cada município diante dos impactos climáticos. 
Palavras-chave:  
Cariri paraibano, Eventos extremos, Precipitação, Temperatura. 

__________________________________________________________________________________________

I. INTRODUCTION 

Climate change is causing economic, social, environmental, political and public health challenges in the 

21st century. Due to the increase in greenhouse gas emissions, flooding, rainfall irregularities and rising sea 

levels, it has been difficult to determine the future effects of these changes on the environment (BARBIERI; 

FERREIRA; BARBI, 2018, p. 72; PEREIRA; NASCIMENTO, 2020, p. 14).  

The special report, The Ocean and Cryosphere in a Changing Climate, published by the 

Intergovernmental Panel on Climate Change, assumes that global warming could change the patterns of rainfall 

totals, increasing the frequency and intensity of extreme weather events, such as droughts or excessive rainfall 

(IPCC, 2021, p. 15). 

These extreme weather events, with significant deviations from normal behavior, can have a negative 

impact on everyday life and the balance of ecosystems (DANKELMAN et al., 2008, p. 5; GONÇALVES, 2013, p. 

77; ASSIS et al., 2018, p. 413; TEODORO et al., 2021, p. 107). Studies indicate that South Asia and Europe are 

already facing consequences such as a decline in food security and an increase in deaths due to extreme events 

(BANDARA; CAI, 2014, p. 452; KRON; LÖW; KUNDZEWICZ, 2019, p. 77). 

http://dx.doi.org/10.5380/raega.v59i0.94992
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Countries in Africa and South America, with incomes ranging from low to medium, suffer significant 

impacts, such as flooding events associated with climate change (CLARKE et al., 2022, p. 5). In Brazil, the 

occurrence of extreme events has caused deaths and socio-economic damage (TRAVASSO et al., 2021, p. 3). 

Cases such as the greater intensity of rainfall in southern Brazil, the drought in the Amazon in 2023 and the 

irregularity of rainfall in the Northeast have affected millions of people and harmed agriculture (MARENGO, 

2009, p. 4; FERREIRA et al., 2017, p. 115; ALVALÁ et al., 2019, p. 1; G1, 2023; G1, 2023). 

Thus, the Cariri region of Paraíba, located in the semi-arid region of northeastern Brazil, is characterized 

by high irregularity in the temporal and spatial distribution of rainfall, with low rainfall rates (the lowest in the 

state) and a daily water deficit of 60% or more (SUDENE, 2017). These conditions end up exerting a strong 

influence on part of the local economy, which is based on farming and cattle raising (DIAS et al., 2021, p. 21; 

SOUSA et al., 2022, p. 2).  

According to Alves, Azevedo and Farias (2015), within the Cariri region of Paraíba, the average rainfall 

occurs differently, with the Oriental part of Cariri having a lower rainfall (on average 381.1 mm/year) than the 

Ocidental part (538.9 mm/year). 

In view of the predicted increase in extreme events (IPCC, 2021), it is crucial to study the distribution of 

rainfall and temperature in the Cariri region of Paraiba, since information on these climatic elements on a more 

local level is essential for reformulating strategies aimed at the proper management of natural resources. It also 

enables sustainable planning, favoring the development of agricultural practices that have less impact on the 

environment. 

Therefore, this research aims to analyze rainfall and temperature patterns and check for possible trends 

in the municipalities of Monteiro (Ocidental Cariri) and São João do Cariri (Oriental Cariri). These municipalities 

were chosen because they are both part of the Cariri region of Paraíba, and represent the localities well (in 

terms of altimetry and rainfall).    

II. MATERIALS AND METHODS 

The study area is located in the semi-arid region of northeastern Brazil, more precisely in the state of 

Paraíba, in the area popularly known as Cariri Velhos, covering two municipalities: Monteiro (in the Ocidental 

part) and São João do Cariri (in the Oriental part) (Figure 1). 

http://dx.doi.org/10.5380/raega.v59i0.94992
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Figure 1- Location and hypsometry map of the area and municipality under study. Self-     elaboration, 2022. 

 

According to the Köppen-Geiger climate classification, the predominant climate in the Cariri region is of 

the hot semi-arid type (Bsh), with low average annual rainfall (around 400 mm), a dry season that can last up to 

11 months, and average monthly temperatures of over 18°C (DANTAS et al., 2015; SANTOS et al., 2022, p. 217).  

As for the predominant vegetation in the region, it is classified as xerophilous and hyperxerophilous 

Caatinga, and has distinctive characteristics; it is predominantly made up of small to medium-sized trees, with 

twisted trunks and a varied presence of herbaceous vegetation and thorny shrubs (SOUZA, 2008, p. 45; 

CÓRDULA; QUEIROZ; ALVES, 2010, p. 34; SILVA et al., 2017). 

The relief present in both municipalities is defined by the Borborema Plateau. According to Costa et al. 

(2020, p. 190), a large part of the Borborema Plateau is made up of an arched crystalline massif that is distributed 

along the eastern-northeastern facade of Brazil (CORRÊA et al., 2010, p. 37; XAVIER et al., 2022, p. 42) (Figure 

1). 

http://dx.doi.org/10.5380/raega.v59i0.94992
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Database 

For the study, daily rainfall series were used (Table 1), obtained free of charge from the National Water 

and Basic Sanitation Agency (ANA); Water Management Agency of the State of Paraiba (AESA); National Institute 

of Meteorology (INMET); and School Basin (located in the municipality of São João do Cariri), which belongs to 

the Federal University of Paraiba. Temperature data from INMET and the School Basin were also used for a 40 

year period (1980-2019). 

Table 1 – Weather stations used to obtain daily precipitation and temperature data. 

WEATHER STATIONS 

Municipality Station type Station code Data origin Latitude Longitude Altitude (m) 

Monteiro Pluviometric 737014 ANA 7°52'60.0"S 37°07'00.0" W 590 

Monteiro Pluviometric 3855777 AESA 7°54'45.7"S 36°57'56.3"W 580 

Monteiro Pluviometric 82792 INMET 7°53'40.0"S 37°07'29.0" W 606 

Monteiro Temperature 82792 INMET 7°53'40.0"S 37°07'29.0" W 606 

São João do Cariri Pluviometric 736012 ANA 7°24'00.0" S 36°31'59.8"W 445 

São João do Cariri Pluviometric Ebsjc School basin 7°22'45.1"S 36°31'47.2"W 468 

São João do Cariri Temperature Ebsjc School basin 7°22'45.1"S 36°31'47.2"W 468 

Source: Self-elaboration, 2022. 

After organizing the data, gaps were found in the historical series for precipitation and temperature:      

For the municipality of Monteiro these gaps amounted to 20.20% (precipitation) and 27.70% (temperature); 

and in São João do Cariri the percentage was 11.88% (precipitation) and 42.08% (temperature).  In order to work 

with a more complete and longer series of data, methodologies were used to fill in these gaps, with estimation 

based on Xavier, King and Scanlon (2016) and based on Cavalcante, Silva and Souza (2006). The Xavier, King and 

Scanlon (2016) methodology provides estimates of precipitation and temperature data for a time scale from 

1980 to mid-2017, which can be obtained free of charge from the website: 

https://utexas.app.box.com/v/Xavier-etal-IJOC-DATA.  

The estimation methodology of Cavalcante, Silva and Souza (2006) estimates data from 1950 to 2019. 

This estimation method is a model developed in the Visual Basic computer language for the Windows 

environment. Its purpose is to estimate the air temperature for Northeast Brazil, using quadratic functions for 

the average, maximum and minimum temperatures of the region as a function of the values of the geographical 

coordinates latitude, longitude and altitude of the location to be estimated. The Estima_T software is available 

http://dx.doi.org/10.5380/raega.v59i0.94992
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on the website (http://app.dca.ufcg.edu.br/estimat/estimat.htm) of the Department of Atmospheric Science of 

the Federal University of Campina Grande, free of charge.  

To begin, Spearman's correlation test was used to determine which of these methodologies would be 

the best to apply to this work. This test was applied because the data was not normal, since normal data has a 

bell-shaped curve. The correlation test was carried out using the original precipitation and temperature data 

from the stations, with the data estimated using the R Studio software, i.e. the months without data were not 

used. 

Theory/Calculus 

Non-parametric tests were used to analyze the trends Mann-Kendall, Sen’s, and Pettitt (MANN, 1945; 

SEN, 1968; KENDALL, 1975; PETTITT, 1979). The tests were carried out using the R Studio software for the annual 

and monthly scales, corresponding to the period from 1980 to 2019. For annual precipitation and temperature 

data, the accumulated and average data were used respectively, and the monthly data corresponded to the 

month-by-month grouping.    

The Mann-Kendall statistic (MANN, 1945; KENDALL, 1975) is a test for detecting trends in environmental, 

climatic and hydrological data series. It is widely used globally and recommended by the World Meteorological 

Organization (WMO), due to its robustness for deviations from normality and non-stationarity of the data in the 

historical series (BLAIN, 2011; ADEYERI et al., 2022; JAVED et al., 2022; ZEYBEKOĞLU, 2023). 

The test compares each value in the time series with the remaining values, always in sequential order. 

The number of times the remaining terms are greater than the analyzed values is counted (SENA, 2013, p. 1406). 

The statistical variable S for a series of n data in the Mann-Kendall test is calculated from the sum of all the 

counts present in the following way: 

 

𝑆 =  ∑ ∑ 𝑠𝑛𝑔 𝑛
𝑗=𝑘+1 (𝑥𝑗  −  𝑥𝑘

𝑛−1
𝑘=1 )                                                                                                                                    (1) 

 

Where sng (𝑥) is obtained by:  

𝑆𝑛𝑔(𝑥)  = { 1; 𝑠𝑒 𝑥𝑗 > 𝑥𝑖 0; 𝑠𝑒 𝑥𝑗 = 𝑥𝑖  − 1; 𝑠𝑒  𝑥𝑗 < 𝑥𝑖                                                                                              (2) 

 

Kendall (1975) reports that S is normally distributed with mean E (S), and variance Var(S), for a situation 

in which there can be equal values of x, is calculated by the following expression: 
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                                         𝐸(𝑆) =  0                                                                                                                                   (3) 

𝑉𝑎 𝑉𝑎𝑟(𝑆) =
𝑛(𝑛 − 1)(2𝑛 + 5) − ∑ 𝑡𝑗(𝑡𝑗 − 1)(2𝑡𝑗 + 5)𝑝

𝑗=1

18
 

Where 𝑝 is the number of tied groups in a data set and 𝑡𝑗 is the number of data points in the j-ésismo 

tied group. Based on the results of S and Var(S), the Z Index was estimated, according to the sign of S, using the 

following equation: 

 

𝑍 = {
𝑆−1

√𝑉𝑎𝑟(𝑆)
;  𝑠𝑒 𝑆 > 0 0;  𝑠𝑒  𝑆 = 0 

𝑆+1

√𝑉𝑎𝑟 (𝑆)
;  𝑠𝑒 𝑆 < 0 }                                                                                           (4) 

 

The Z result is used to check whether there is a statistically significant trend. For trend analyses, a positive 

Z value indicates an upward trend and when Z shows a negative value, the trend is downward. 

The level of significance 𝛼 adopted for this test corresponded to 𝛼= 0.05 = 5%; if the probability of p in 

the test is less than the level 𝛼, p < 𝛼, a statistically significant trend exists, while if p is greater than the level of 

𝛼, p > 𝛼, an insignificant trend is confirmed. For more details on the methodology, please consult Mann (1945), 

Kendall (1975) and Pohlert (2015). 

The Sen's Slope test is used to calculate the magnitude of the trends in the Sen's curvature. This test was 

first proposed by Sen (1968) and improved by Hirsch et al. (1982) for computing. The method is insensitive to 

outliers and missing data and is more rigorous than linear regression curvature, providing a truer measure of 

trends in time series (ALCÂNTARA et al., 2019, p. 133).  

To calculate the Sen's Slope, all pairs of values presented in the series are computed x1, x2, x3,..., xn, 

according to the following equation (FERRARI; VECCHIA; COLABONE,  2012, p. 32): 

 

𝑆𝑒 =  
𝑋𝑗 − 𝑋𝑖

 𝑗  − 𝑖  
                                                                                                                                                                            (5) 

 
In which 𝑆𝑒 corresponds to the estimated value of the Sen's slope, i.e. the increase or decrease as a 

function of time given by the equation 𝑓(𝑡) = 𝑆𝑒 𝑡 + 𝐵, where B is the constant.  

The Pettitt test (1979) is used to identify the only point of discontinuity in hydrological and climatic series 

with continuous data. It tests the hypothesis 𝐻𝑜: O T variables that follow one or more distributions that have 

the same location parameter (no change), against the alternative hypothesis that there is point one of change 

http://dx.doi.org/10.5380/raega.v59i0.94992
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(POHLERT, 2015), in addition to evaluating whether two samples, 𝑌1,..., 𝑌𝑡 e 𝑌𝑡+1,..., 𝑌𝑇, belong to the same 

population.  

In view of this, the statistics 𝑈𝑡,𝑇 will count the number of times in which the value of the first sample is 

greater than the value of the second, thus making it possible to detect possible changes in the series studied. 

This statistic is represented by the following equation (FERREIRA; PENEREIRO; FONTOLAN, 2015, p. 55): 

 

𝑈𝑡,𝑇 = 𝑈𝑡−1𝑇,  +  ∑ 𝑠𝑛𝑔𝑇
𝑗=1 (𝑦𝑖 −  𝑦𝑗 )  para t= 2,....,T                                                                                                        (6)           

 
The statistics of 𝑈𝑡,𝑇 are considered for values 1 < t < T, and the test statistic k(t) provides the maximum 

absolute value of 𝑈𝑡,𝑇, using the equation (PETTITT, 1979):  

 
𝑘𝑇= 

𝑚𝑎𝑥

1< 𝑖< 𝑇
|𝑈𝑡,𝑇|                                                                                                                                                                         (7) 

 
 The statistics of 𝐾𝑇 locates the point at which the abrupt change in the time series occurred, and its 

significance can be calculated using the following equation: 

 
𝑝 ⋍ 2 𝑒𝑥𝑝{−6𝑘𝑡

2/(𝑇3 +  𝑇2}                                                                                                                                             (8) 
 

Further details of the methodology can be found at Pettitt (1979) and Pohlert (2015). 

In order to verify the relationship between the years of ruptures (obtained in the Pettitt test) and the El 

Niño-Southern Oscillation (ENOS) phenomenon, we used information obtained from the National Oceanic and 

Atmospheric Administration (NOAA) - Physical Sciences Laboratory website (https://psl.noaa.gov/enso/), which 

provides data from previous years of ENOS that will be fundamental for analysis.  

The El Niño-Southern Oscillation (ENOS) cycle involves variations in the surface temperature of the 

Equatorial Pacific Ocean, resulting in a neutral phase and two extremes: El Niño and La Niña. Under normal 

conditions, the trade winds move warm waters into the western Pacific. In El Niño, there is abnormal warming 

due to a reduction in the winds, while in La Niña, there is cooling due to an increase in the speed of the trade 

winds (ARAÚJO, 2012). 

According to Dias et al. (2020), the index signals the El Niño phenomenon when it remains above +0.5°C 

for at least five consecutive months. On the other hand, the presence of La Niña is characterized when the index 

remains below -0.5°C for five consecutive months. 

http://dx.doi.org/10.5380/raega.v59i0.94992
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III. RESULTS 

With the organization of annual and monthly precipitation and temperature data (Figure 2), gaps were 

observed in the historical series. Becker et al. (2011, p. 290) explains that the absence of data during this period 

was due to a crisis in the network of the Superintendence for the Development of the Northeast (SUDENE), 

which was responsible for monitoring and maintaining the rainfall network in the Northeast. 

 
Figure 2 – Precipitation and daily temperature data that made up the time series (1980 to 2019) for Monteiro and São João do Cariri. Legend: The 
institutions that provided precipitation and temperature data are represented by the colors: gray = INMET; yellow = ANA; blue = AESA; orange = 
School basin; red = data estimated by the Xavier et al. (2016);      and green = data estimated by the Cavalcante et al. (2006). The vertical numbering 
from 1 to 12 indicates the months (January to December). The numbers 1 to 40 refer to the years from 1980 to 2019, i.e. 1 = 1980, 2 = 1981 and so 
on. Source: ANA, AESA, INMET and      School basin. Self elaboration, 2023. 
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The methodologies used to estimate missing data, when compared with the data from the institutions 

using the Spearman Correlation Test, showed a correlation of 0.80 for rainfall and 0.97 for temperature in the 

municipality of Monteiro, using the methodology of Xavier, King and Scanlon (2016). In the case of the 

municipality of São João do Cariri, correlations of 0.84 were observed for rainfall and 0.78 for temperature. The 

Estima_T methodology, in turn, indicated temperatures equivalent to 0.83 and 0.73 for Monteiro and São João 

do Cariri respectively. In view of these results, it was decided to work with the estimate by Xavier, King and 

Scanlon (2016) and use the Estima_T methodology to finish estimating the months with no temperature after 

covering the estimate by the first methodology by Xavier, King and Scanlon (2016). 

Using the Mann-Kendall test, the municipalities of Monteiro and São João do Cariri showed an upward 

trend in annual rainfall data, but not a statistically significant one, since the Z_MK was positive and the 

calculated p-value was higher than the α significance level of 5% (0.05). 

Based on the Sen's curvature method, it can be seen that the municipality of Monteiro had a positive 

magnitude of 3.55 for the rainfall data, while São João do Cariri had a positive magnitude of 0.56 (Figure 3). The 

Pettitt test, on the other hand, showed an abrupt change in precipitation for the municipalities, with Monteiro 

showing a change in 1999, and São João do Cariri in 2011.  

This change in the average behavior of precipitation divided the series into two periods in the 

municipalities, in which, in Monteiro, the first period was between 1980-1998, with an average of 503.04 mm 

and in the second period (2000-2019) an average of 618.56 mm. The difference between this split in the rainfall 

series corresponded to an increase of 22.96%. During the period 1980-1998, the municipality of Monteiro 

experienced three extreme drought events, concentrated in the years 1980 to 1983, 1990 to 1993 and another 

in 1998. 

In São João do Cariri, the first period before this change took place between 1980-2010, corresponding 

to an average value of 503.32 mm; shortly after the change, the average rainfall behavior for the second period, 

2012-2019, changed to 285.12 mm. The difference between this split in the rainfall series corresponded to a 

decrease of 43.35% (Figure 3 - A and B). 

http://dx.doi.org/10.5380/raega.v59i0.94992
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     Figure 3 - Precipitation trends for Monteiro (A) and São João do Cariri (B). Note: red line = average. Source: Self elaboration, 2023. 

 

Figure 4 shows the behavior of temperature using the same tests applied to precipitation. For Monteiro 

and São João do Cariri, these showed the presence of an upward trend (Mann-Kendall), but only the first 

municipality stood out as having a statistically significant trend.   

The Sen's slope showed a positive magnitude of 0.02 for Monteiro and 0.00 for São João do Cariri (Figure 

4 - A and B). The Pettitt test for temperature showed an abrupt change for the two municipalities in different 

years, both in relation to the precipitation variable and the temperature variable between the locations.  

Monteiro's abrupt change occurred in 1997, while São João do Cariri's change occurred in 2009. Before 

that, the municipality of Monteiro had an average of 24.06 °C in the period 1980-1996, and in the second period 

(A)

P-Valor Sen’ s Pettitt

1.04 0.30 3.55 1999

(B)

P-Valor Sen’ s Pettitt

0.19 0.85 0.56 2011

SÃO JOÃO DO CARIRI

MONTEIRO
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(1998-2019) it had an average of 24.64 °C. This difference between the divisions in the temperature series 

corresponded to an increase of 2.41%. Meanwhile, in São João do Cariri, the first period (1980-2008) had an 

average of 24.91 °C, and the second period (2010-2019) had an average of 25.13 °C. The difference between 

this split in the temperature series corresponded to an increase of 0.88%. 

 
Figure 4 - Temperature trend for Monteiro (A) and São João do Cariri (B). Note: orange line = average. Source: Self elaboration, 2023. 

Given that the annual results for rainfall and temperature were not statistically significant (with the 

exception of temperature for Monteiro), we investigated whether these conditions also occur on a monthly 

scale. The trend test was then applied to the precipitation and temperature variables, where a grouping of each 

month over 40 years was analyzed.  

 (A)

P-Valor Sen’ s Pettitt

3.57 0.00 0.02 1997

  (B)

P-Valor Sen’ s Pettitt

0.02 0.98 0.00 2009

MONTEIRO

SÃO JOÃO DO CARIRI

http://dx.doi.org/10.5380/raega.v59i0.94992


 

 
O ESPAÇO GEOGRÁFICO EM ANÁLISE 

 
114 

ISSN eletrônico 2177-2738 

 RA’EGA, Curitiba, PR, V. 59, p. 102 – 126, 4/2024 

https://revistas.ufpr.br/raega  http://dx.doi.org/10.5380/raega.v59i0.94992 
 

 

The evaluation of the Mann-Kendall test procedure for the two locations studied, in a monthly analysis 

(as shown in Table 2), revealed no significant trend for rainfall. However, there is variation over the months:      

In Monteiro, the months of January, February, May, June, July and December showed an upward trend, while 

the other months had a downward trend.  

Similarly, when analyzing the rainfall data for São João de Cariri, there was an upward trend in the 

months of January, April, May, June, July, October and December, while February, March, August, September 

and November showed a downward trend. 

The Pettitt test for the precipitation variable for the monthly analysis showed a strong presence of 

ruptures in the years 1983, 1993, 1998 and 2011 for both municipalities, the latter being favored by the high 

occurrence of precipitation. The first three were marked as years with high temperature indices and low 

precipitation indices. 

Table 2 – Monthly precipitation trends for the municipalities of Monteiro and São João do Cariri. 

Months MONTEIRO SÃO JOÃO DO CARIRI 

𝒁𝑴𝑲 / 
Statistical 

significance 

P-Value Pettitt 𝒁𝑴𝑲 / 
Statistical 

significance 

P-Value Pettitt 

January 1.10 (NS) 0.27 2008 0.76 (NS) 0.45 1999 

February 0.12 (NS) 0.91 1999 -0.13 (NS) 0.90 2001 

March -0.08 (NS) 0.94 1983 -0.65 (NS) 0.51 2011 

April -0.12 (NS) 0.91 1989 0.82 (NS) 0.41 2004 

May 1.15 (NS) 0.37 1993 0.44 (NS) 0.66 2011 

June 0.82 (NS) 0.41 1998 0.07 (NS) 0.94 2013 

July 0.06 (NS) 0.95 1983 0.66 (NS) 0.51 1983 

August -1.23 (NS) 0.22 1998 -0.30 (NS) 0.76 2011 

September -1.63 (NS) 0.10 1993 -0.37 (NS) 0.71 2004 

Octuber -1.49 (NS) 0.48 1993 0.70 (NS) 0.49 1996 

November -1.29 (NS) 0.20 1995 -0.62 (NS) 0.54 1997 

December 0.63 (NS) 0.53 1997 0.53 (NS) 0.59 1998 

Note: NS = No statistical significance. Source: Self elaboration, 2023. 

Figure 5 presents the monthly rainfall variability for Monteiro and São João do Cariri, which shows that 

the highest rainfall values vary from January to May. It is also possible to see the variability of rainfall over the 

course of each month belonging to the grouping of 40 years. 
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Figure 5 - Monthly precipitation in the municipalities of Monteiro (A) and São João do Cariri (B). Source: Self elaboration, 2023. 

 

Unlike the monthly rainfall trend test, the temperature test showed some months with a statistically 

significant trend for the municipality of Monteiro, as pointed out in the annual trend test. For São João do Cariri, 

this analysis was not significant, but it did show months with an upward trend (February, March, April, May, 

June, November and December) and those with a downward trend (January, July, August, September and 

October). 

With regard to the presence of a trend in the temperature series for both locations, it was found that 

Monteiro's temperature showed an upward trend in all months, being statistically significant in the fall, winter 
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and spring seasons, i.e. in the months of April, May, June, July, September, October and November (Table 3). 

Pettitt's monthly test showed that the years 1996 and 1997 presented more abrupt changes for Monteiro, as      

these two years preceded the drought period of 1998. 

For the municipality of São João do Cariri, the most notable years containing a month with a break in the 

monthly analysis were 2008 and 2009, which were very wet years, thus allowed the temperature to drop. Of 

the months analyzed, the ones with breaks in 2008 were March, May, November and December. For 2009, the 

months that showed a break were February, April, June, August and October (Table 3). 

Table 3 - Monthly temperature trends for the municipalities of Monteiro and São João do Cariri. 

Months MONTEIRO SÃO JOÃO DO CARIRI 

𝒁𝑴𝑲 / 
Statistical 

significance 

P-Value Pettitt 𝒁𝑴𝑲 / 
Statistical 

significance 

P-Value Pettitt 

January 0.54 (NS) 0.59 2002 0.02 (NS) 0.98 2010 

February 1.04 (NS) 0.30 1987 0.57 (NS) 0.57 2009 

March 1.50 (NS) 0.13 2008 0.34 (NS) 0.74 2008 

April 3.25 (S+) 0.00 1997 -0.31 (NS) 0.75 1999 

May 3.24 (S+) 0.00 1997  -1.34 (NS) 0.18 1991 

June 3.70 (S+) 0.00 2009 -0.68 (NS) 0.50 1991 

July 3.73 (S+) 0.00 1997 -0.09 (NS) 0.93 2011 

August 1.76 (NS) 0.08 2010 -0.17 (NS) 0.86 2009 

September 2.33 (S+) 0.02 1996 0.13 (NS) 0.90 2009 

Octuber 2.20 (S+) 0.03 1993 -0.40 (NS) 0.69 2009 

November 2.39 (S+) 0.02 1996 -0.52 (NS)  0.60 2008 

December 1.81 (NS) 0.07 1992 0.48 (NS) 0.63 2008 

Note: S+ = Significant upward trend. NS = No statistical significance. Source: Self elaboration, 2023. 

 

When looking at the monthly temperature data (Figure 6 - A and B), it can be seen that, like rainfall, 

there is monthly and temporal variability for the two municipalities. The temporal observation of the data 

showed that the months with the highest temperatures vary from October to March. 
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Figure 6 - Monthly temperature behavior in the municipalities of Monteiro (A) and São João do Cariri (B). Source: Self elaboration, 2023. 

 
 

Considering the results obtained by the monthly trend test for the municipalities, it was noted that for 

the rainfall variable, the months analyzed over the 40 years did not contribute to the significance of the annual 

trend test, because they showed the same results.  

As for the monthly trend test for the temperature of the two municipalities, it was found that for 

Monteiro the months of April, May and July of 1997 contributed to the annual break, since they were statistically 

significant. The same condition was not observed for São João do Cariri, as the months analyzed were not 

significant. 
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In the context of the ENOS phenomena that coincided with years of breaks in the series, the annual 

analysis of precipitation in the municipalities of Monteiro and São João do Cariri revealed the presence of the 

La Niña phenomenon. With regard to temperature variations, it was found that these breaks occurred in both 

municipalities during the neutral phase of ENOS. 

In the years in which there were breaks in the monthly tests, the precipitation data for Monteiro showed 

the incidence of three El Niño events (in 1983, 1995 and 1998), three La Niña events (1989, 1999 and 2008), and 

two years in which the phenomenon was in a neutral phase. In São João do Cariri, there were two ruptures 

during the El Niño phase (1983 and 1998), two during the La Niña phase and four in the neutral period (1996, 

1997, 2001 and 2004). 

As for the ENOS phenomena recorded in the years of monthly temperature breaks, for the municipality 

of Monteiro, we identified three years with the El Niño phenomenon (1987, 1992, 2010), one year in the La Niña 

phase in 2008, and five years in the neutral phase (1993, 1996, 1997, 2002, 2009). In São João do Cariri, one 

year was observed in the El Niño phase (2010), two years in the La Niña phase (2008 and 2011), and the neutral 

phase in 1991 and 2009. 

IV. DISCUSSION 

The tests (Mann-Kendall, Sen's, and Pettitt) revealed that over the 40 years analyzed, temperature was 

the only statistically significant index for Monteiro. Another study carried out in the area covering all the 

municipalities in the Cariri region on a shorter time scale (16 years) obtained a positive and significant trend for 

the rainfall series (SENA; LUCENA, 2013, p. 1410).    

The abrupt change found in rainfall in 1999 for the municipality of Monteiro may be linked to the 

occurrence of the El Niño phenomenon in 1998, which probably amplified the incidence of droughts in the 

region, resulting in a decrease in rainfall (DINIZ et al., 2020; FARIAS; XAVIER, 2023, p. 3). 

In the 2000s, the municipality of São João do Cariri experienced high rates of precipitation and a 

reduction in temperature. This situation was correlated with an increase in La Niña events (SENA; MORAIS NETO; 

LUCENA, 2017). After the 2000 period in the municipality of São João do Cariri, low rates of precipitation and an 

increase in temperature were observed, but were not significant. The occurrence of rising temperatures was 

something predominant not only for the locality studied, but for the entire Brazilian semi-arid region (COSTA et 

al., 2021, p. 7; DIAS; PESSOA; TEIXEIRA, 2021, p. 24; SANTOS; CUNHA; RIBEIRO, 2019, p. 95).  
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However, for both municipalities, there was a strong presence of ruptures in the years 1983, 1993 and 

1998, using the Pettitt test. These years were considered in the literature to be years of severe drought, with 

high temperature indices and low rainfall indices (MACEDO et al., 2010, p. 212; BURITI; BARBOSA, 2018, p. 137-

138). The first months (January to June) of 1983 were marked by little rainfall, and those that did occur were 

sporadic and only in a few locations in the state of Paraíba. This situation further aggravated the critical peasant 

situation in the Cariri region of Paraíba (FARIAS, 2018, p. 33).  

According to Moraes Neto, Barbosa and Araújo (2007), the decrease in rainfall in 1983, 1993 and 1998 

in the Cariri region was the result of the El Niño mega-event. In 1983, this phenomenon caused a severe drought 

of longer duration in the municipality of Monteiro. According to Macedo et al. (2010), in addition to the 

phenomenon at work, one of the reasons that probably intensified the drought was the formation of steep 

terrain in the surrounding area, which may have hindered the action of transient systems. 

According to Buriti and Barbosa (2018), the severe drought that occurred in 1993 did not cause any 

deaths in the Cariri region, but it did affect around 2 million people due to the lack of adequate public policy 

planning.  

The year 1998, on the other hand, was classified by Silva et al. (2018, p. 53) as extremely dry. The authors 

observed that, during this year, only the months of January and February did not follow the climatic variability 

within the rainy season, showing lower than expected rainfall values. During 1998, which preceded the break in 

precipitation for the municipality of Monteiro, the El Niño phenomenon caused several consequences for the 

Cariri region, such as a drop in production in almost all agricultural sectors (MORAES NETO; BARBOSA; ARAÚJO, 

2007, p. 64). 

In order to solve the impacts of the 1998 drought, the government implemented palliative measures 

such as distributing basic food baskets, opening work fronts, and water tankers that were used to supply rural 

and urban communities with water (SOUSA, 2007, p. 90), however the measures adopted were of an emergency 

nature. After periods of drought, the population returned to cultivating the land with limited resources, due to 

decapitalization and the constant struggle for survival. 

The last drought that affected the region from 2012 to 2017 was intensified by the warming of the 

Tropical North Atlantic Ocean, which favored an abnormally northerly position of the Intertropical Convergence 

Zone (ITCZ) and reduced precipitation in the Brazilian Northeast (NEB) (MARENGO et al. 2018, p. 1975).   

The drought from 2012 to 2017 highlighted the communities' lack of preparation to deal with the 

consequences of the lack of rainfall. During this period, there was a significant drop in the production of various 
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temporary crops, including grains such as corn and beans, tubers such as manioc, as well as a significant 

reduction in livestock (MARTINS; MAGALHÃES, 2015, p. 120; MARTINS; MAGALHÃES; FONTENELE, 2017, p. 33). 

Alencar et al. (2007, p. 19) reported that this vulnerability in agriculture is due to the lack of a more 

effective infrastructure to mitigate the effects of drought, and the lack of assistance. Faced with the seriousness  

 of this situation, it is vital to reconsider the economic model employed in environmentally delicate areas.   

In the analysis of behavior over the 40 years, rainfall showed great variability in both municipalities. 

However, this was not enough for the phenomenon to show a significant trend. The absence of a significant 

trend in the rainfall series, as pointed out by the authors Sena and Lucena (2013, p. 1411), may have been 

caused by the large variation in pluviometric totals. 

In the monthly analysis, focusing on temperature data from Monteiro, statistical significance was 

observed in both the annual and monthly data. The monthly data played a crucial role in the break in the annual 

series in 1997, due to the breaks identified in 1996, which was a year of high rainfall peaks, in contrast to 1998 

(MORAIS NETO; BARBOSA; ARAÚJO, 2007, p. 63). 

The monthly temperature tests for the municipality of São João do Cariri, although not statistically 

significant, were concentrated in 2008 and 2009, which are respectively considered to be years of severe and 

extreme rainfall for the Semi-Arid region. The occurrence of extreme precipitation for the region lasted until 

2011 (NASCIMENTO; MEDEIROS, 2022, p. 13).  

During the course of this study, some noteworthy limitations were identified. Initially, challenges were 

faced related to the scarcity of data from meteorological stations, so it was decided to supplement this with 

observed data from other sources and, if this was not possible, there were wo other ways: one by statistical 

modeling (CAVALCANTE; SILVA; SOUZA, 2006) and the other based on interpolation (XAVIER; KING; SCANLON, 

2016), and despite the results being consistent with local characteristics, especially with regard to comparison 

with other studies carried out in the region and/or for the locality itself. 

It should be noted that the Pettitt test applied points to only a single point-of-change in the series, and 

in the municipality of Monteiro it is clear that in 2012 there was another break linked, probably, to the great 

drought that hit the northeast region, which lasted around 5 years (AQUINO; ALVES; VIDAL, 2020). São João do 

Cariri could also reflect the existence of a slump in 2000. Perhaps to reinforce this discussion it would be 

interesting to first use other sources of data for filling in, for example, reanalyses, and then apply other statistical 

techniques/methods to determine whether there are significant differences between the means of three or 

more independent groups, such as an analysis of variance (ANOVA). 
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V. CONCLUSION 

Analysis of the annual trends for rainfall and temperature in the municipalities of Monteiro and São João 

do Cariri revealed statistical significance only in the Monteiro temperature data series. When examining the 

monthly trends for the precipitation variable, it was found that the lack of statistical significance in the months 

analyzed was reflected in the absence of significance in the annual test. With regard to monthly temperature, 

it was observed in Monteiro that the months of May, April and July 1997 contributed to an annual break, unlike 

São João do Cariri, where such a condition was not identified. 

Based on the verification of the impacts of climatic conditions on agriculture in the municipalities, 

observing the years that presented precipitation breaks, it is understood that the development of this economic 

activity requires adequate sustainable planning due to the environmental conditions.   

Based on these results, understanding the climate profile of the municipalities of Monteiro and São João 

do Cariri suggests the need to expand studies on climate variability to all the municipalities in the Cariri region, 

using new methodologies and strategies for filling in data, such as the use of satellite data and reanalyses that 

better investigate the impacts of climate change on environmental conditions in the region. In addition, the use 

of statistical techniques that better investigate and detail the annual behavior and averages of climatic elements 

is of great importance to corroborate this preliminary analysis. This broader approach is crucial, considering the 

distinct manifestation of climatic behavior in each location. Expanding the research will enable a more 

comprehensive understanding of the specific needs of each municipality in the face of climate impacts, 

contributing to more effective adaptive strategies. 
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