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Abstract

The knowledge of rainfall distribution and behavior at certain areas is crucial for irrigation sys-
tems design and management, as well as rainfall tracking regarding soil conservation aspects. Thus, 
the objective of this research was the comparison and statistical adequacy of probability distribution 
models applied to probable rainfall studies to determine which probability model is more appropriate 
to distinct seasons (monthly, fortnightly and every ten days) and to estimate probable rainfall for dif-
ferent probability levels in Lambari region, South of Minas Gerais State, Brazil. Log-normal at 3 pa-
rameters and Gamma were the most adequate for monthly and ten-day periods. For fortnight periods, 
Gamma was the most appropriated, with annual average values of monthly, fortnightly and ten-day 
period rainfall to 75% probability levels of 82.4, 72.1, and 42.4mm, respectively. 
Keywords: Probability distribution. Log-Normal. Gamma. Agricultural planning.

Introduction

Worldwide, at the next 40 years, emerging countries like Brazil are being projected to a higher 
development, due to its highly competitive agriculture (TOLLEFSON, 2010). 

However, economic and technological growth have generated several environmental imbalances, 
which reflect into several alterations at natural ecosystems. Thus, there is an elevated concern worldwide 
related to natural resources availability and preservation, especially water, aiming sustainable management.

The knowledge of rainfall behavior and distribution can provide subsidies to determine critical 
predominant periods at a certain region and to get information to reduce consequences caused by 
rainfall fluctuations, due to use of irrigation or to implantation of adapted crops to seasonality of this 
system (ANDRADE et al., 1998; GOMIDE, 1998).
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Agriculture in Lambari city constitutes the main economic activity, constituting the main crops 
grown, coffee, maize, rice, beans and greenery crops.

Soil moisture and available water at plant root zone are highly dependent on local rainfall fre-
quency and intensity, as important as total rainfall quantity at region (SCHIERMEIER, 2008).

Probable rainfall estimation is important to agricultural planning and irrigation systems design 
aiming to provide additional water to plants (BERNARDO et al., 2005). According to Castro et al. 
(1994), in Brazil, average rainfall is used on agricultural projects design, which consists in important 
risk assumed by the farmers.

Several probability distribution models have been used to estimate probable rainfall to different 
locals and occurrence periods. Among all, stands out Normal (ANDRADE JÚNIOR; BASTOS, 1997; 
ASSIS et al., 1996), Gamma (ANDRADE JÚNIOR; BASTOS, 1997; ASSIS et al., 1996; RIBEIRO; 
LUNARDI, 1997; RIBEIRO et al., 2007; RIBEIRO, 2010; RIBEIRO et al., 2013) and Log-Normal 
(JUNQUEIRA JUNIOR et al., 2007; PINTO et al., 2014; RIBEIRO et al., 2007).

Thus, the objective of this research is: I) study and compare statistical adequacy of probability 
distribution models applied to probable rainfall studies using Chi-square tests; II) determine which 
probability model is most adequate to which region and at different seasons (monthly, fortnightly and 
ten-day period); III) estimate probable rainfall to different probability levels, in Lambari region, south 
of Minas Gerais State, Brazil.

 

Materials and methods

 Research data were obtained from rainfall records of weather station in Lambari 
(21°58’S;45°22’W) operated by Agência Nacional de Águas (ANA), from 1977 to 1998. Climate at 
that region is defined as moderate humid subtropical according to Köppen classification and average 
annual rainfall is about 1500 mm, average temperature being 18ºC (ANTUNES, 1986).

 Figure 1 presents geographic location of Lambari, Minas Gerais State, Brazil.

Figure 1. Location of Lambari city, South of Minas Gerais State. 
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Thus, 22 years historical series were analyzed. Daily water depths were totalized in annual, 
monthly, fortnightly (December to March) and ten-day period (December to February) seasons, the 
following distributions were applied:

a) Log-Normal 2 parameters distribution
This function is described by Probability Density Function (PDF), such as (NAGHETTINI; PIN-

TO, 2007): 2)(.5,0
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where µn and σn are distribution parameters, corresponding to average and standard deviation 
of logarithms information. Base equation to hydrological studies, using Log-Normal 2 parameters 
distribution, is adapted to general equation of Vent e Chow (HAAN, 2002):
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Where XTR is the hydrologic variable value (rainfall), associated to return period (RP), and KTR 

is the reduced variable.

b) Log-Normal 3 parameters distribution

The function has its PDF presented by the following equation:
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PDF parameters were estimated by the following equation (NAGHETTINI; PINTO, 2007):
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Primarily, y is calculated (equation 7) regarding distribution asymmetry. Then “ø”  is estimated 
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by equation 6, ηy using equation 5 and, based on this last value and on average (µn) and standard 
deviation (σn) of data transformed into logarithms, parameter β is estimated by equation 4. At this 
situation, base equation to hydrologic variable estimation is demonstrated (HAAN, 2002):

βσµ += + nKn
TR

TReX .
                                                                                (8)

c) Gamma distribution

Incomplete Gamma distribution is defined, according to Lanna (2001), by an integral equation:

( ) ∫
∞

−−=Γ
0

1 0, >να ν d  xex x
                                                                    (9)

( ) ∫ −−=
x

x d  xexxP
0

1, να                                                         (10)

( ) ∫
−

−=
x x

d  xexxP
0

1, βνα                                                        (11)

 Its PDF can be expressed by Botelho (1989):
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where ν  > 0, β  > 0, Γ(ν) > 0, which ν is dimensionless form parameter, β is scale parameter 
and x is random variable (rainfall).

 Parameters ν and β can be estimated by:
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where x is arithmetic average of data series and Sx  is data standard deviation of data series. 
The distributions were adjusted based on the method of moments (NAGHETTINI: PINTO; 2007).

In order to evaluate the adequacy of statistical distribution, at all evaluated periods, it was used 
Chi-square (χ2) tests, at 5% significance level, such as Ferreira (2005) and Naghettini e Pinto (2007).

Probable rainfall were estimated to each period, using the distribution that fits more periods, 
at exceedance probability levels of 75, 85 and 95%, corresponding, respectively, to return periods of 
4, 7 and 20 years. Distribution that presented more adjusts can be stated as most precise to studied 
situation, according to Marques et al. (2014).

Results and discussion

Figure 2 presents annual rainfall behavior in relation to average value of Lambari region. Aver-
age rainfall of the region is 1,505.00 mm annually.
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Figure 2. Annually temporal distribution (mm) to Lambari region, MG, Brazil, and its relation to La Niña 
phenomenon.

Recently and remarkable episodes of La Niña phenomenon occurred in 1984/85, 1988/89 
(most intense ones), 1998/99 and 2000/01 years (OLIVEIRA, 2001). Those events match with 
years of observations which occurred low rainfall in Lambari region. La Niña is characterized by 
Pacific Ocean water cooling, which changes wind dynamics and consequently spatial distribution of 
frontal systems that reaches Brazil, making it weakness and reducing rainfall occurrence, especially 
at northern regions. Thus, the regions are  affected by dry periods, at total below average, resulting 
in low agricultural production times, causing damages to farmers, thus one of the biggest problems 
resulting in erratic rainfall distribution under influence of global atmospheric circulation phenomenon.

Rainfall variability is also evident over months of the year, splitting on two well-defined seasons 
at that region: a dry one, from April to September, and a rainy one, from October to March, such as 
shown on Figure 3.

Figure 3. Monthly rainfall distribution (mm) for Lambari region, MG, Brazil.
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Tables 1, 2 and 3 present p-value of statistical adequacy test of Chi-square (χ2), to studied 
probabilities distributions, respectively, at monthly, fortnightly and ten-day periods.

Table 1. P-value of Chi-Square test (χ2) to Log-Normal 2 parameters, Log-Normal 3 parameters and Gamma 
distributions for monthly rainfall in Lambari region, MG.

Note: A - adequate distribution, N - non-adequate distribution.

For the monthly season data (Table 1), adequacy was observed at Log-normal 3 parameters 
and Gamma in 91,6% and Log-Normal 2 parameters were adequate in just 66,6% of cases.

Gamma and Log-normal 3 parameters distributions were appropriate at rainfall representa-
tion monthly data, once some authors have determined a better adequacy of Gamma distribution 
(RIBEIRO et al., 2007; RIBEIRO et al., 2010; RIBEIRO et al., 2013) to some Minas Gerais State 
regions. Junqueira Júnior et al. (2007) studied probable rainfall to Madre de Deus city, Minas Gerais 
State, and determined Log-normal 3 parameters distribution as the most adequate to monthly histor-
ical series and Gamma distribution as the most adequate to fortnightly and ten-day period seasons.

Analyzing the adequacy of fitted distributions to fortnightly periods (Table 2), the Gamma distribution 
was more appropriate to represent fortnightly rainfall values to December, January, February and March.

Table 2. P-value of Chi-Square test (χ2) to Log-Normal 2 parameters, Log-Normal 3 parameters and Gamma 
distributions for fortnightly period (December to March) rainfall in Lambari region, MG.

Note: A - adequate distribution, N - non-adequate distribution.

Table 2 presents Gamma distribution as adequate to all fortnightly time series by adjusting all 
periods. Log-Normal 3 parameters were adequate in 87.5% of cases while Log-Normal 3 parameters 
were adequate in 75% of cases.

Table 3 presents adequacy results of probability distributions to ten-day periods from December 
to February months.

Table 3. P-value of chi-Square test (χ2) to Log-Normal 2 parameters, Log-Normal 3 parameters and Gamma 
distributions for ten-day period (December to February) rainfall in Lambari region, MG.

Note: A - adequate distribution, N - non-adequate distribution.

To ten-day period season (Table 3), it was observed that Log-normal 3 parameters and Gamma 
distributions were adequate in all cases. Log-Normal 2 parameters  were not adequate in the 2nd ten-
days of February. 
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Figure 4, 5 and 6 presents, respectively, monthly, fortnightly and ten-day period probable rain-
fall associated to probability levels of 75, 85 and 95%, based on the better probability distribution, 
according to Tables 1, 2 and 3. Probable rainfall suggests a water depth to be ensured, safely asso-
ciated to the probability level used. Probability level increase provided a decrease on probable water 
depth, once that estimation reliability increase implies on reduction of estimated value. According to 
Bernardo et al. (2005), when probable rainfall to agricultural purpose is studied, the most recom-
mended probability level is 75%, which means a minimum water depth ensured on three every four 
years.

At 75% probability level, it was verified a rainy season with 155 mm (November to March) 
and a dry season (April to October) with about 30.6 mm (Figure 4). Basing on those information, 
designers will be able to scale an additional irrigation system or even a management of it, given this 
data, obtained assuming an acceptable and viable probability level, regarding high rainfall variability 
in Lambari region.

 

Figure 4. Probable rainfall to Lambari region, MG, Brazil, monthly at 75, 85 and 95% levels.

In January, at 75% occurrence probability, it is expected a water depth of 203 mm (Figure 4). 
This information is highly important once January presents an average rainfall of 296 mm, the high-
est among the other months in the year. Also, in that  month it is essential to crop developments such 
as beans, maize, coffee and rice, whereas local farmers plan the planting season to match the crop 
development stage (plants highest need of water) that month. 

Pinto et al. (2014), predicting the probable rainfall of the Aiuruoca River Basin in Minas Gerais 
State, presented rainfall values of 201mm in January, at 75% probability of occurrence. The Aiuruoca 
river basin is located in the Alto Rio Grande Basin in the Mantiqueira Range region, from southeastern 
Brazil. According to Reboita et al. (2010), rainfall events at such in that region are associated with 
the action of frontal systems (cold fronts) throughout the year, producing significant total amounts of 
rainfall, especially between December and March. 

Based on such analysis, irrigation systems can be designed, just as its management, assuming 
an acceptable level of probability (JUNQUEIRA JÚNIOR et al., 2007).

Figure 5 shows the probable rainfall during the rainy season splitting into fortnights. Such 
procedure is important, once it reveals dry seasons occurrence during rainy season. At 2nd fortnight 
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occurs the lowest rainfall probability rates during evaluated season, being characterized by highly dry 
seasons possibility occurrence, which are significant periods of non-rainy days.

Figure 5. Probable rainfall to Lambari region, MG, Brazil, fortnightly at 75, 85 and 95% levels, in December, 
January, February and March.

 According to Castro Neto e Silveira (1983), dry seasons are characterized by decrease of rain-
fall values at a same time period when compared to a season at a year before, during rainy season.

By analyzing probable rainfall (Figure 6), it can be verified that at 75% probability level, a 32 
mm water depth can occur at the 3rd ten-day period of December. When compared to previous ten-
day period, a probable rainfall decrease can be noted, which indicates a higher dry season occurrence 
probability between December 10th and 31st.

Figure 6. Probable rainfall to Lambari region, MG, Brazil, ten-day period at 75, 85 and 95% levels, in December, 
January and February.

  
Results reveal that rainfall variability, even during rainy station, is concentrated in certain sea-

sons, resulting in an immeasurable loss to the region due to crop production loss, either by irregular 
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distribution or by soil damages due to concentrated rainfall.
This research shows that irrigation system implementation may be required in addition to nat-

ural rainfall. The use of occurrence probability values of natural rainfall on irrigation systems design 
can reduce granted flows, facilitating approval of these projects with environmental agencies.

Conclusions

Gamma and Log-Normal 3 parameters probability distributions presented the best fit to month-
ly and ten-day period rainfall historical series to Lambari region, MG, Brazil;

For the fortnightly season, Gamma distribution presented the best fit;
December presents, during rainy seasons, greater irregularity of rainfall;
Annual average values of monthly, fortnightly and ten-day period rainfall to 75% probability lev-

el are 82.4, 72.1 and 42.4 mm, which are high values, once the region is not affected by prolonged 
dry seasons.

Precipitação provável para a região de Lambari, Sul de Minas Gerais

Resumo

O conhecimento do comportamento e da distribuição das precipitações em uma determinada 
região se torna imprescindível para o dimensionamento e gerenciamento de sistemas de irrigação, 
bem como o monitoramento do regime pluviométrico quanto aos aspectos de conservação do solo. 
Nesse sentido, o objetivo deste estudo foi a comparação e adequação estatística de modelos de dis-
tribuição de probabilidades aplicados ao estudo da precipitação provável, a determinação de qual 
modelo de probabilidades é mais adequado para distintos períodos (mensal, quinzenal e decendial) e 
estimar as precipitações prováveis para diferentes níveis de probabilidade para a região de Lambari, 
Sul de Minas Gerais. Observou-se que as distribuições de probabilidade Log-Normal 3 parâmetros e 
Gamma foram as que melhor se ajustaram às séries históricas de precipitação mensal e decendial, 
e para as séries históricas quinzenais a distribuição Gamma foi superior, sendo os valores médios 
anuais de precipitação mensal, quinzenal e decendial para o nível de probabilidade de 75% respec-
tivamente de 82,4, 72,1 e 42,4 mm. 
Palavras-chave: Distribuição de probabilidades. Log-Normal. Gamma. Planejamento agrícola.
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