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ABSTRACT

Due to randomness in the occurrence of hydrological phenomena, the estimation of
probable rain precipitation in a given region is important in assisting decision-making. This
work aimed to adjust the probabilistic model of the Gamma distribution to the monthly and
annual rainfall totals recorded in the city of Cruzeiro do Sul, Acre, for the period between 1970
and 2019, in addition to estimating the expected values at different probability levels. Using the
maximum likelihood method, the distribution parameters were estimated, with adherence
ratified by the Kolmogorov-Smirnov test. The results showed that the Gamma distribution was
adequate to adjust the data; the region has two well-defined periods in its rainfall pattern; the
mean precipitation values recorded in the locality are between 25% and 40% of probability.
Finally, probable rainfall values were presented at different probability levels for the city of
Cruzeiro do Sul.

Keywords: agricultural planning, expected rain precipitation, probability distribution.

Probabilidade de precipitacdo para a cidade de Cruzeiro do Sul, Acre,
Brasil

RESUMO

Devido a aleatoriedade na ocorréncia dos fendmenos hidroldgicos, a estimacdo das
precipitaces provaveis em determinada regido é importante para auxiliar na tomada de deciséao.
O presente trabalho objetivou ajustar o modelo probabilistico da distribuicdo Gama aos totais
mensais e anuais de precipitacdo pluviométrica registrados na cidade de Cruzeiro do Sul, Acre,
para o periodo compreendido entre 1970 e 2019, alem de estimar os valores esperados em
diferentes niveis de probabilidade. Valendo-se do método da maxima verossimilhancga foram
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estimados os parametros da distribuicdo, com aderéncia ratificada pelo teste de Kolmogorov-
Smirnov. Os resultados apontaram que: a distribuicdo Gama mostrou-se adequada ao ajuste dos
dados; a regido possui dois periodos bem definidos em seu padrdo pluviométrico; os valores
médios de precipitacdo registrados na localidade estdo entre 25% e 40% de probabilidade.
Finalmente, foram apresentados valores provaveis de precipitacdo pluviométrica em diferentes
niveis de probabilidade para a cidade de Cruzeiro do Sul.

Palavras-chave: distribuicdo de probabilidades, planejamento agricola, precipitagdo esperada.
1. INTRODUCTION

Rainfall is a meteorological event with great influence on environmental conditions, as
well as on various human activities. In fact, rain is a hydrological element that triggers many
other processes, as it is the entry component into the water balance of a region, and the results
of such interactions have influenced human activities for milenia (Moreira et al., 2016; Passos
etal., 2017; Miguez et al., 2018; Santos et al., 2019).

Rain is the beginning of a process that results in providing basic human needs and boosting
important activities, such as industry, agriculture, energy transformation, etc. In modern
society, the hydrological elements related to rainfall strongly influence the social and economic
development of nations (Baptista and Coelho, 2010; Moreira et al., 2016).

According to Martins et al. (2010), of all segments of the economy, agriculture represents
the sector presenting the greatest dependence on climatic variables, especially concerning
rainfall, whose impact is responsible for significant fluctuations over the years.

The region under study, for example, has cassava cultivation as the main agricultural
product, which is important even in the national market. This crop culture, in turn, depends
heavily on the spatial and temporal distribution of rainfall (Brito et al., 2019). Therefore, the
results verified in the present study suggest favorable conditions for cassava cultivation, since
they point to good rainfall distribution in the region, which presented a monthly average of
more than 70 mm, even in the less rainy months.

In this sense, the study conducted by Flores (2015) points out that, in the state of Acre, the
cultivation of cassava crops is concentrated in the months at the start of the rainy season
(October to December), ensuring the supply of water, indispensable for the initial growth of
plants. The adequate rainfall amount is between 1,000 and 1,500 mm/year, well
distributed;however, the crop produces reasonably well in localities with rainfall indexes of up
to 4,000 mm/year, when this occurs on well drained soils (Souza et al., 2006).

Therefore, previous knowledge about the behavior of the rainfall regime in a particular
region is of fundamental importance for agricultural planning, because the success of activities
involving the sector is directly linked to the occurrence and magnitude of rainfall (Arai et al.,
2009; Souza et al., 2018). Cassava crop, for example, of which Brazil is the fourth largest
producer in the world, demands climatic conditions as a regulatory factor of its production,
especially concerning the precipitation regime, which requires effective management of soil
and drainage conditions (Martins et al., 2010; Soman et al., 2016; Moreto et al., 2018).

Given the importance of rainfall, especially in a regional context, the need to quantify
and/or predict its occurrences has become an essential condition for the development of
agricultural activities, besides many other productive segments. Thus, scientific and
technological advances allowed the creation of efficient instruments aiming at this purpose,
especially those proposed taking into consideration the basic characteristic of randomness
present in the occurrence of these phenomena (Moreto et al., 2018; Bortoluzzi et al., 2019).

Because rainfall is a phenomenon dependent on several stochastic factors, the use of
models inserted in the scope of probability distributions becomes coherent, which allows,

Rev. Ambient. Agua vol. 16 n. 1, 62593 - Taubaté 2021 AR
IPABH?



Probability of rainfall for the city of ... 3

among other things, the estimation of probable amounts of monthly or annual rain precipitation
for a given locality. These instruments are important tools to assist decision-making in the
planning of various activities related to agriculture, livestock, civil construction, transportation,
etc. (Pizzato et al., 2012; Passos et al., 2017).

Indeed, the statistical modeling in hydrological studies is extremely important regarding
the prediction of events associated with the probability of their occurrences, as elucidated by
the study conducted by Abreu et al. (2018). In the work, the authors inserted the probability
models in the relationship of practices allied to the rational planning of the various activities
that depend on the dynamics involved in the occurrence of rainfall. In turn, Costa and Fernandes
(2015) considered it as one of the basic stages sustaining decision-making, especially in the
present context, whose theme is recurrent in the literature of the specialty.

In this sense, there are several distributions to be adjusted to the temporal record of
hydrological variables. In the present context, in which it is proposed to estimate the total
amounts of probable rainfall in the city of Cruzeiro do Sul, State of Acre, Brazil, contextualized
in monthly and annual intervals, the Gamma distribution presents assumptions that give it
prominence among the others (Teixeira et al., 2013; Bermudez et al., 2017; Abreu et al., 2018).

In the light of these considerations, the aim of the present work was to estimate the
probable values of rainfall amount, at different probability levels, for the city of Cruzeiro do
Sul, Acre, Brazil, based on the recorded events occurred in the period between 1970 and 2019,
records of which are made available by the National Institute of Meteorology — INMET.

Among many factors to support the research, the productive potential of the region stands
out, especially for the cassava cultivation, influenced by its pluviometric regime, which can
impact both agricultural activity and other segments.

In addition, the realization of this work is justified, since the estimated values of rainfall
precipitation can be influenced over time, due to several factors, among them, the climatic
changes credited to anthropic actions, as well as those related to the natural climate variability
that, collectively or in isolation, have an effect on the hydrological processes operating in the
region (Moreira et al., 2019; Marengo and Souza Janior, 2018).

2. MATERIALS AND METHODS

The city of Cruzeiro do Sul is located in the Vale do Jurué region, in the state of Acre. The
predominant climate in the region, according to the Képpen classification, is the humid tropical
(Af), with an average annual temperature of approximately 24.5°C (Moreira et al., 2016; 2019).
However, given the nature of the work, Nimer's model was adopted as a reference, which seeks
to integrate traditional and dynamic methods to better understand the complex ecological
relationships of Brazilian biodiversity (Nimer, 1979). The climatic classification of Nimer
(1979), prioritizes the influence of temperature and humidity on climatic diversity, and in turn,
it is based on dynamic climatology and the rhythm of air masses. Thus, for the studied region,
the Equatorial hot climate type is observed, with a daily average temperature above 18°C in all
months, and with the distribution of humidity of the super-humid type to the sub-dry type
(Figure 1).

The region has a drier period (May to September) and a notably rainy period (October to
April), with annual rainfall averages of approximately 2,000 mm (Moreira et al. 2016; 2019).
Therefore, it is observed that among the three zones of humidity variation identified in the
classification of Nimer (1979), the Cruzeiro do Sul region is highlighted for having the highest
moisture distribution.

In this work, the total monthly and annual rainfall data was used, computed for the city of
Cruzeiro do Sul, during the period from 1970 to 2019, recorded at the meteorological station
82704 (7°38'S; 72°40"' W, in datum WGS84), operated by the National Institute of Meteorology
(INMET) (Souza et al., 2011; Moreira et al., 2019) (Figure 1). There are occasional failures in
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the records in the years 1991 and 1992, corresponding to 4% of the records, whose monthly
values were filled out using the regional weighting method (Oliveira et al., 2010).
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Climatic variation

Equatorial, warm — mean daily >18 oC in all months, super-humid to sub-dry

Equatorial, warm — mean daily >18 oC in all months, humid with 1 to 2 dry months 0 3 70 140 km
Equatorial, warm — mean daily >18 oC in all months, humid with 3 dry months
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Figure 1. Location of the city of Cruzeiro do Sul and climatic variation throughout the State of Acre

(Brazil).
Source: IBGE, 2018.

The data were adjusted to the Gamma distribution, which according to Araujo et al. (2001)
and Bazame et al. (2018) is the most-used formulation to adjust total rainfall records. According
to Passos et al. (2017), the Gamma distribution has been positively reported in several studies
as a reliable probability distribution for the analysis of total rainfall. The authors used it to
estimate the probable rainfall at different levels of probability for the Municipality of
Chapadinha-MA. Dallacort et al. (2011) used the Gamma distribution in a study of total rainfall
distribution in the city of Tangara da Serra, Mato Grosso, and reported satisfactory results.

The distribution parameters were estimated using the maximum likelihood method (Aradjo
et al., 2001; Barbieri et al., 2019). From there, the probable rainfall for the city of Cruzeiro do
Sul was determined at different probability levels. As described by Araujo et al. (2001) and
Martins et al. (2010), the cumulative function of probabilities of the distribution (CFP) of
Gamma is given by Equation 1:

X

1 _ —_—
F(x) = ~TTE f(;(xa Le pdx (1)

In Equation 1, a is the shape parameter and f is the scale parameter; e is the basis of the
Napierian logarithm; x represents the total rainfall (mm); and I'(a) is the symbol of the Gamma
function, defined according to the function (Equation 2):

F(a)=v2naa“e“(1+L+ - 139) (2)

12a 288 a?2 51840 a3
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As described by Aradjo et al. (2001) and Teixeira et al. (2013), the parameters that allow
the cumulative Gamma distribution, estimated by the maximum likelihood method, are
determined by the following Equations (3 and 4):

In which:
B=§ e a=ﬁ(1+ f1+%) (3)
A=In(X) - X, 4)

In Equation 4, X represents the arithmetic mean of the observation series, X, the geometric
mean, and N represents the number of elements in the historical series under test.

The adherence of data adjustment to the Gamma distribution was verified using the
Kolmogorov-Smirnov test (KS test), at the significance level of 5% (Marsaglia et al., 2003;
Silva, 2015; Moreira et al., 2016).

Finally, the probable rainfall quantiles associated with probability levels of 5, 10, 25, 40,
50, 60, 75, 90, and 95% were determined. It should be noted that, because the calculations
would require too much effort and complex routine, they were carried out using statistical
software specially designed for this purpose, such as the packages base and fitdistrplus R
packages (Delignette-Muller and Dutang, 2015; R Core Team, 2019) in addition to the ALEA
(Local Frequency Analysis of Annual Events) (Lima et al., 2015).

3. RESULTS AND DISCUSSION

Table 1 presents a descriptive summary related to total, monthly, and annual rainfall
recorded for the city of Cruzeiro do Sul, Acre, for the period from 1970 to 2019.

Table 1. Descriptive summary of total, monthly, and annual rainfall observations recorded
in Cruzeiro do Sul, Acre, from 1970 to 2019. Estimated parameters o (form) and B (scale)
of the Gamma distribution and test and p-value statistics referring to the Kolmogorov-
Smirnov adherence test for the data under analysis.

Mean  Minimal Maximal CV o B TestKS

Month (mm) (mm) (mm) (%) (form) (scale) oo T oo

January 246.20 75.50 484.00 35.87 7.12 34.57 0.10 0.69Ns
February  246.20 61.80 454.80 35.71 6.78 36.31 0.09 0.85Ns
March 273.90 40.80 448.50 35.94 6.41 42.71 011 0.62Ns

April 216.40 59.80 448.70  38.48 6.37 33.95 0.11 055N
May 148.40 42.20 308.00  43.24 5.16 28.72 011 061N
June 88.33 1.20 219.20  54.68 2.68 33.01 0.09 0.82Ns
July 70.26 4.20 230.90 71.65 1.87 37.63 0.08 0.83Ns

August 77.28 10.50 19470  46.62 4.24 18.21 0.11 056N
September  122.90 30.20 340.30 54.79 3.31 37.05 0.10 0.69Ns
October 196.70 62.60 508.70  47.49 5.26 37.39 0.15 0.20Ms
November  210.20 54.80 480.20  44.38 5.09 41.24 0.06 0.99N
December  240.30 99.00 438.10  32.38 9.49 25.31 0.09 0.81Ns

Annual  2,137.00 1,100.50 2,848.10 18.03  27.60 77.42 0.13 0.39MNs

CV = Coefficient of Variation; NS = Not significant, at significance level 5%.

From the descriptive summary presented in Table 1, it was observed that the month of
March presented the highest average value of total monthly precipitation for the period under

W Rev. Ambient. Agua vol. 16 n. 1, e2593 - Taubaté 2021
IPABHt



6 Jefferson Rodrigues dos Santos Silva et al.

analysis, while the lowest value was observed for the month of July, which is typical for a sub-
arid month, with precipitations greater than 60 mm, constructed based in the climate
classification of Nimer (1979).

It was also verified that the total monthly precipitation recorded in Cruzeiro do Sul
presented great variability, with a coefficient of variation between 32.38% and 71.65%, being
the highest value observed during the dry period (low average value of total monthly
precipitation), whereas the lowest variation is associated with the rainy season. Many causes
can be related to the variability observed, including the atmospheric circulation patterns
prevalent in the Amazon region, influenced by disturbances both on a regional and global scale.
Such disturbances affect the hydrological regime of the region in its temporal scale (Nobre et
al., 2007; Nobrega, 2014). In addition, other processes such as ENSO (El Nifio - Southern
Oscillation), SACZ (Southern Atlantic Convergence Zone), among others, may be related to
this variability, since the study proposed by Santos et al. (2013) presented as part of its
conclusions that such singularities influence the rainfall regime of the Amazon, which
encompasses the region under study. In addition, it was found that the city of Cruzeiro do Sul
presented an average annual rainfall value of 2,137 mm for the period under study.

The descriptive values also show that the locality under study has a rainfall pattern
characterized by two well-defined periods: a sub-arid period, according to the climatic
classification of Nimer (1979), between the months of May to September, with emphasis on the
months of July and August, which presented the lowest mean values of rainfall (Table 1); and
a remarkably rainy period, specially from October to April. This verification confirms the
characteristics reported by Moreira et al. (2016), whose study also analyzed the rainfall regime
in the city of Cruzeiro Sul, but with a different objective than that of this work.

Regarding the period of higher and lower rainfall concentration, the conclusions presented
in the study conducted by Silva et al. (2019) indicate that the rainfall regime of the region that
covers the municipality of Goiana, in the state of Pernambuco, Brazil, is different than the
results found in the present study. In their work, the authors conclude that the month of June is
the rainiest, while the month of November has the lowest volume of rainfall. The study
conducted by Bezerra et al. (2010), obtained results similar to the present study on the rainfall
regime, registered in Porto Velho. The comparisons reveal the importance of studies on a
regional scale in relation to the planning of activities that are impacted by the rainfall regime,
especially in projects focused on the agricultural sector, because of the particularities of each kind
of crop culture and region.

Table 1 also presents the estimated parameters of the Gamma distribution (o and ), in
addition to the results related to the Kolmogorov-Smirnov adherence test (KS test). The results from
the KS test were sufficient to conclude that the Gamma distribution was adequately adjusted to
the observed rainfall records, both monthly and annual, because the p-value associated with
each statistic calculated value of the test was higher than the level of significance adopted (5%).
This conclusion is in accordance with that presented in the study proposed by Silva et al. (2019),
where the authors attest that this distribution can thus be used to estimate amounts of probable
rainfall.

In relation to the parameters of form and scale (o and ), estimated by the maximum
likelihood method, they were adequate to the rainfall data analyzed, both in monthly and annual
interstices, since none of the estimated values for the scale parameter was higher than 100,
which condition recommends the use of the Gamma distribution for the determination of
probable precipitation values, as reported in several studies (Aradjo et al., 2001; Martins et al.,
2010; Silva et al., 2019). In relation to the form parameter, Silva et al. (2019) point out that it
should not exceed the value of 10. Thus, the values estimated from the rainfall observations
analyzed were below the limiting value and, therefore, the distribution, as it is proposed, is
adequate to the estimate of probable rainfall values in the city of Cruzeiro do Sul, and thus it is
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maintained.

It was verified, in the present study, that the interannual variation of the values of total
monthly precipitation recorded in Cruzeiro do Sul, represented in Table 1 by the coefficient of
variation (CV), is higher for the months in which the form parameter () presents its lowest
values. The interval is coincident with the dry period, in which the lowest average values of the
monthly rainfall records are concentrated.

The study conducted by Martins et al. (2010) presented an inverse conclusion to that of
the present study, regarding the relationship between the interannual variation and the form
parameter. However, the conclusions of both converge to the indication that this parameter can
be used in the determination of regular periods of precipitation.

Table 2 lists the values of probable monthly and annual rainfall at different probability
levels estimated for the city of Cruzeiro do Sul according to the Gamma distribution. The results
presented show that, in general, the average values of total rainfall, both monthly and annual,
recorded for the city of Cruzeiro do Sul during the period in study, are equivalent to estimated
values included in the range between the levels of 25% and 40% of probability (Table 1). This
characteristic is observed in many studies related to probable rainfall for different regions
and/or hydrological contexts (Martins et al., 2010; Passos et al., 2017). On the other hand, there
are reports in which the average records, although close to values verified in this study, are in
a different range of probability levels, as was verified by Silva et al. (2013), who studied
distribution of rainfall in the city of Sapezal, State of Mato Grosso, Brazil.

The probable rainfall values, shown in Table 2, are important elements to support the
rational planning of activities that depend on this hydrological variable, such as agricultural
activity. Since the region under study has potential for cassava cultivation (Brito et al., 2019),
the probable rainfall values with a certain margin of confidence promote more consistent
decision-making in agricultural planning and for the most diverse areas of knowledge.

It is noteworthy, nevertheless, that both the scientific community and other organizations
are already reaching the consensus that the impacts of climate change (on a global and/or
regional scale) are already influential on the Amazon. As a result, the rainfall regime in the
region under study may change its patterns and, consequently, the estimated values, since
hydrological processes, especially rainfall regime, are quite sensitive to climate change
(Moreira et al., 2019; Marengo and Souza Junior, 2018).

4. CONCLUSIONS

The study produced satisfactory results that may serve as a catalyst for further discussion
and development, and reached the following conclusions: 1) The Gamma probability model
was adequately adjusted to the total monthly and annual rainfall data computed for the city of
Cruzeiro do Sul, Acre; 2) The region under study presents a rainfall pattern defined in two well-
defined periods: a sub-dry period, between the months of May and September, in special the
months of July and August, in addition to a remarkably rainy period, more evident in the period
from October to April; and, 3) The average values of total precipitation, both monthly and
annually, recorded in the city of Cruzeiro do Sul during the period from 1970 to 2019, are
equivalent to estimated values included in the range between the levels of 25 % and 40 % of
probability.

The conclusions are in accordance with the study’s objectives, and will serve as a basis for
further studies in the region. It will also provide support and decision-making tools, especially
with regard to agricultural activity, which depends on estimated rainfall values.

It is important to emphasize that, even with favorable results, it is not intended that the
discussion end here; rather, hypotheses regarding the behavior of phenomena that operate in
the region must be evaluated, and future studies with suitable methodology must be conducted
in similar and dissimilar regions as appropriate.
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Table 2. Probable monthly and annual rainfall for the city of Cruzeiro do Sul, Acre, at different probability levels, estimated
according to the Gamma probability distribution.

Probable pluviometric precipitation (mm)
Month

5% 10% 25% 40% 50% 60% 75% 90% 95%

January 414.86  369.28 300.57 258.20 234.73 21274 179.33 137.79  116.43
February = 419.47 37245 301.73 25824 23420 211.70 177.63 13543 113.85

March 47253 41834 337.06 287.23 259.76 23410 19534 14759 123.30
April 37390 330.92 266.46 22696 205.18 18485 15415 116.35 97.14
May 269.50 23579 185.75 15547 138.94 123.64  100.79 73.26 59.59
June 191.62 160.67  116.43 90.96 77.58 65.61 48.62 29.94 21.65
July 170.35  138.89 95.02 70.63 58.19 47.33 32.53 17.47 11.42
August 147.48  127.54 98.24 80.74 71.29 62.61 49.82 34.75 27.47
September  250.67  213.37  159.33 127.65 110.78 95.48 73.35 48.14 36.46
October ~ 335.73 31155 24592 206.17 18444 16431 134.23 97.9 79.84

November 383.01 33485 263.39 22020 196.64 17482 14230 103.15 83.76
December 381.27  344.07 28731 251.79 23190 213.08 184.13 14731 12791

Annual  2,847.02 2,671.97 2,395.46 2,215.18 2,111.20 2,010.53 1,850.39 1,635.06 1,514.73
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