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ABSTRACT. The most significant and influential meteorological element in environmental conditions and
human activities is precipitation. The objective of this study was to adjust eight probability distributions to
monthly, seasonal and annual rainfall data in the Pantanal of Mato Grosso do Sul, Brazil, using a time series
of data (1983-2013) by the National Meteorological Water Agency (ANA). The performance evaluation of
different probability distribution models was assessed by the quality of fit of the selected probability
distributions for precipitation data. Quality tests as chi-square, Kolmogorov-Smirnov (KS) and Anderson-
Darling (AD), the information criteria as Akaike (AIC) and the Bayesian criterion (BIC) were used. Then the
mean root square error (RMSE) and the coefficient of determination (R2) were applied. The analyzes were
made monthly, annually and by seasons. The 3-parameter Lognormal distribution performs the best for all
twelve months and provides the best-fit to the monthly rainfall data. Thus characterizing a dry period that
runs from May to September and a rainy period between the months of October and April, it was observed
that the 3-parameter Lognormal distribution has best adjustment for spring and summer, and for winter
and autumn the 2-parameter Gamma and 3-parameter Gamma distribution performed better. For annual
observations, the function that best fits is 3-parameter Weibull distribution.
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Introduction

Considered a national heritage site and a biosphere reserve, the Pantanal is the largest floodplain on the
planet and is home to an invaluable ecosystem. Located in the center of South America (SA), the Pantanal is
included in the continuous floodplain of the Upper Paraguay basin, which occupies 361,666 km?, where highly
diverse flora and fauna are sustained by seasonal floods (Louzada, Bergier, & Assine, 2020). Its territory has
approximately 160,000 km? divided between Paraguay, Bolivia and Brazil (Silva & Abdon, 1998; Junk &
Cunha, 2005; Teodoro et al., 2016). The Brazilian territory occupies about 40% of this basin. The Brazilian
Pantanal is divided into 7 municipalities in the state of Mato Grosso (MT) - (35%) and 9 municipalities in the
state of Mato Grosso do Sul (MS) - (65%) (Silva & Abdon, 1998).

Quantitative data are lacking as input into environmental planning, as well as various types of
socioeconomic and socio-environmental modeling methods, which can be combined with ecological or
hydrological data in integrated approaches to connect human systems to environmental indicators, mainly in
Protected areas (PAs), where PAs are fundamental for biodiversity conservation, yet their impacts on nearby
residents are contested (Gray et al., 2018; Santiago, Correia Filho, Oliveira-Junior, & Silva Junior, 2019;
Naidoo et al., 2019).

Recent research has begun to report the interrelationships between economic indicators, livestock and a
changing climate (Aratjo et al., 2018; Bergier et al., 2019), but socio-environmental/rainfall issues beyond
livestock are still less understood. There is also considerable literature on environmental planning in the
Pantanal, for example, several government reports describing strategies for environmental conservation and
economic development (Oliveira, 2002), of which the Conservation Plan for the Upper Paraguay Basin (O
PCBAP, in Portuguese), is probably the most relevant (Brasil, 1997). This report identified some of the main
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challenges of environmental management in relation to the Pantanal, such as erosion or pollution of water
courses with sediments, and sought to recommend appropriate economic development strategies. In this
sense, the report is considered a precursor to ecological-economic zoning, recommended for spatial
governance driven by data from the Pantanal (Schulz et al, 2019).

Much research has been carried out in the Pantanal on socio-environmental changes such as: agricultural
transformation and its socio-economic and cultural implications, for example, Oliveira-Janior et al. (2020),
investigated the temporal variability of fire outbreaks in different biomes and their relationship to rainfall
patterns in the state of MS. The Pantanal revealed the greatest occurrence of fire foci in relation to the Cerrado
and Atlantic Forest. The largest records of fire foci in the Pantanal are caused by longer periods of drought
and anthropogenic activities (based on extensive agriculture) - (Teodoro et al., 2015; Teodoro et al., 2016);
Thielen et al. (2020) analyzed the spatial and temporal dynamics of rainfall and extremes resulting from the
Upper Paraguay basin, together with a co-assessment of global sea surface temperature (SST) data; Ivory,
McGlue, Spera, Silva, and Bergier (2019) using vegetation and remote sensing climate data to better
understand the relationships between rainfall, flood pulse and vegetation in the wetland, rainfall is regionally
synchronous, vegetation responses differ based on position in relation to flooded areas , suggests that the
importance of the flood pulse time for vegetation productivity in flooded areas means that local conditions
in wet areas may be the strongest controls in biogeochemical processes; Oliveira, Pla-Pueyo, and Hackney
(2018) studied the natural and social aspects that affected wetlands and possible future impacts due to climate
change and the effects of human activities, sensitive to changes in the flood, drought and deforestation
regime, intrinsically related to global changes and places in the climate and intensification of livestock
activities, which include deforestation and the introduction of cultivated pastures; agricultural
transformation and its socioeconomic and cultural implications, (Rossetto, 2009; Wantzen et al., 2008;
Calheiros, Oliveira, & Padovani, 2012; Ioris, 2012; Rossetto & Girardi, 2012; Bergier, 2013; Lacerda, 2017,
Lacerda & Lima, 2015); conflicts over fishing (Mateus, Penha, & Petrere, 2004; Rossetto & Tocantins, 2015;
Alho & Reis, 2017; Avila, Silva, & Ferraz, 2018; Chiaravalloti, 2017; 2019); tourism (Rabelo, Arts, Girard, Ioris,
& Figueiredo, 2017; Tortato & Izzo, 2017; Arts et al., 2018); traditional and local ecological knowledge
(Calheiros, Seidl, & Ferreira, 2000; Abreu, McManus, & Santos, 2010; Silva, Silveira, & Nogueira, 2014; Girard,
2012; Bortolotto, Amorozo, Guarim Neto, Oldeland, & Damasceno-Junior, 2015); invasive species and
biodiversity (Junk et al., 2006; Calheiros et al., 2012; Mamede, Benites, & Alho, 2017); social implications of
the development of the water infrastructure, including dams and waterways (Hamilton, 1999; Junk & Cunha,
2005; Calheiros et al., 2012; Bergier, 2013; Crabb, Laing, Whitney, & Saito, 2017; Schulz, Martin-Ortega, loris,
& Glenk, 2017; Schulz, Martin-Ortega, & Glenk, 2018); implications of climate change and variability (Silva
et al., 2014; Ioris, Irigaray, & Girard, 2014; Aradjo et al., 2018; Bergier et al., 2018, 2019); laws, policies and
policies of the Pantanal (Oliveira, 2002;; Safford, 2010, 2012; Tozato, Dubreuil, & Théry, 2014). However, the
gaps considered in the research remain.

The objective of this study is to model the historical rainfall series to determine the probability distribution
that best fits the rainfall data in the Pantanal region, Mato Grosso do Sul, in central-western Brazil.

Material and methods

Study Area

The Pantanal is located between the parallels 16 and 22° S longitude and the meridians 55 and 58° W
longitude, occupies an area in the Central West region of Brazil of 189,000 km?, and is divided between states
MS (65%) and MT (35%), according to the Geographical Dictionary of Brazilian Institute of Geography and
Statistics (Instituto Brasileiro de Geografia e Estatistica [IBGE], 2010), with an average altitude of 110 m and
a slope: from 6 to 12 cm per kilometer in the east-west direction and from 1 to 2 cm per kilometer in the
north-south (N-S) direction (Figure 1).

In the state of MS, the following municipalities belong to the Pantanal of MS: Anastacio, Aquidauana,
Bodoquena, Corumbd, Coxim, Miranda, Porto Murtinho and the main rivers that descend from the plateau to
the plains are: from north to south, Paraguay, Bento Gomes, Cuiabd, Sdo Lourenco - Itiquira, Taquari, Negro,
Aquidauana - Miranda, Nabileque and Apa.
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Figure 1. Location and extent of the Pantanal wetland in South America. Outline of the Pantanal based on Assine, Merino, Pupim,
Macedo, and Santos (2015) and Schulz et al., 2019.

Climate in the Pantanal

The climate of Pantanal is classified as the “Aw” type or tropical with dry winter season (according to the
Koppen-Geiger classification), with two defined seasons: i) dry (May to September) and ii) rainy (October to
April). The annual average precipitation is 1,400 mm. Precipitation is in the range 800-1,600 mm, but in some
years it can reach up to 2,000 (Alho & Silva, 2012). During the rainy season, floods occur and river water floods
the low-lying areas of the Pantanal. The water level is highest in January and February, during March the
water level slowly decreases. In contrast, during the dry season, water levels are low and lagoons and swamps
dry out (Campos, 1969; Teodoro et al., 2016). Alho, Lacher, and Gongalves (1988) showed the different
features of the Pantanal determined by the relief conditions and climatic interactions in addition to the strong
influence of neighboring biomes, such as the Cerrado, Amazonia and the Bolivian and Paraguayan Chacos.

Historical series of monthly rainfall

The historical series of rainfall data in the Pantanal region, MS (Figure 1)used in this study span a 30 year period
from 1983 to 2013. The present study are used the average monthly, seasonal and annual rainfall data. The
historical data were obtained from the hydro-meteorological database of the National Water Agency (Agéncia
Nacional de Agua [ANA, 2008], available on the Hidroweb portal - Hydrological Information System
(http://www.ana.gov.br/). The criteria for the use of the data series, it was considered only the use of consistent
data, with a minimum of 15 years, not being admitted years with annual failure percentage greater than 10%.

Probability distribution functions

In order to describe the behavior of rainfall data at a particular area it is required to identify the
distribution, which best-fit the data. In this study eight probability distributions namely 2-parameter Weibull
(W2P), 3-parameter Weibull (W3P), 2-parameter Rayleigh (RA2P), 2-parameter Gamma (G2P), 3-parameter
Gamma (G3P), 2-parameter Lognormal (LN2P), 3-parameter Lognormal (LN3P) and Maximum Gumbel
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distributions (GUM) are used to model the rainfall data in the in the Pantanal region. The probability density
functions (pdfs), corresponding cumulative distribution functions (cdfs), domains and parameters for these

distributions are presented in Table 1.

Table 1. List of the probability distributions, pdfs, cdfs, domains and parameters.

Distributions Probability Density Cumulative Distribution Domains Parameters
Function (pdf) Function (cdf)
a a 0,
W2P f(x):%xwl eXp[_(;j F(x) =1—exp{—[;J ] x>0 ;io
W3P f(x)=%(x—9)rl exp[_[x;ej ] F(x):l—exp[—[x;fj ] x>0 ;ig,
2 —oY —0Y
RA2P f(X)ﬂz(xe)exp{(xﬂ j ] F(x)lexp[[xﬂ j J >0 550
1 }/[a x} a>0
N e X y 3
G2P f(x)il"(a)ﬁ"’x exp( ﬂ) Fx)= /] x>0 550
o)
1 4 7[0‘ x—Hj a>0
_ e O _x—-0 > >
G3P f(x)—r(a)ﬁa( ) exp[ 2 j Fla)= B x>0 550
T'(a)
_ 1 1fIlnx-u : _ (lnx—yj HER,
LN2P f(x)—xU\/ﬁeXp[ 2[ - j] F(x)=® E— x>0 oo0
~ 1 C1(In(x-0)-u > - {ln(xfg)fluj UeR,
LN3P f(x)_(xe)ng—”exp[ 2[ p j F(x)_(l) o x>0 o0
GUM f(x)=%exp[—x'_8#—exp(—%n F(x)=exp(—exp[—%}] XeR Zig

Legend: « is the shape parameter; B is the scale parameter; pand @ are the location parameters; ®(x) is the cdf of the standard normal distribution and
7(p,x)= J‘e*’ t"'dt, p >0 , is the lower incomplete Gamma function.
0

It is known that several methods can be used to estimate the parameters of probability distributions, for
example the maximum likelihood method, method of moments, least square method and method of L-
moments. In this study the commonly used maximum likelihood method is applied to determine the estimates
of parameters of each probability distribution. For more information about the parameter estimation method
see: Rao (1973); Montgomery and Runger (1991); Coles (2001).

Goodness of fit tests and model selection criteria

Assessing the performance of different probability distribution models is necessary to provide more
accurate information about rainfall at a particular location. In this study, in order to assess the goodness of
fit (GOF) of the selected probability distributions for rainfall data the goodness of fit tests such as the chi-
squared test, Kolmogorov-Smirnov test (KS) and Anderson-Darling test (AD) are first applied and next the
information criteria such as the Akaike information criterion (AIC) and Bayesian information criterion (BIC)
are used. Also, the root mean square error (RMSE) and the coefficient of determination (R?) are applied. The
goodness of fit tests are briefly described below. The chi-squared test, Kolmogorov-Smirnov test and
Anderson-Darling test are used to decide if the rainfall data follow the specified distribution.

Chi-squared test
Chi Squared test is applied when the data are arranged into bins (subintervals). The ¥ ® test statistic is

given by

n (0, -E,)
ZZ=Z—( - ), 1)
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Where, O, is observed frequency for bin i and E, is the expected frequency for bin i. The expected
frequency is calculated by E, = n(ﬁ' (a)—-F(a,, )), where F(x) denotes the estimated cdf and a,, q, , are the
lower and upper limits for bin i. The expected frequency should be at least 5. The hypothesis that data follow
specified distribution is rejected at the significance level « if the test statistic ¥ s greater than the the

critical value ;(2 (m k-1, a) ofthe ¥ > distribution, A isthe number of estimated parameters and m is the

number of bins.

Kolmogorov-Smirnov test

Kolmogorov-Smirnov (KS) test is based on the maximum difference between the sample cdf and the
theoretical cdf. The KS test statistic is given by Equation (2):

} ; )

are observations in ascending order, so that x < Xy S S X, - The hypothesis

i—1

FA'(X(I-))—T

A

i
;—F(x(i))

B

D :max{

n :
1<i<n

Where, X1ys X2yo - -3 X(m)

that data follow specified distribution is rejected at the significance level « if the test statistic D, is greater

than the critical value of the KS test D, (a).

Anderson-Darling test

Anderson-Darling (AD) test is a modification of the KS test. This test is considered to be best a suitable
GOF test because it gives more weight to the tails of the distribution than does the KS test. The AD test statistic
is given by Equation (3):

A =-n- i 2i-1 [ln(ﬁ(x(i) )) + ln(l — Is’(x(mlﬂ.) ))] 3)

=1 N

The hypothesis that data follow specified distribution is rejected at the significance level « if the test
statistic A? is greater than the critical value of the AD test.
Akaike information criterion

The Akaike information criterion (AIC) is known as commonly used model selection criterion that is
calculated based on the maximized value of the log-likelihood function for the estimated model (Akaike,
1974). The AIC can be calculated as follows (Equation 4):

AIC = =2InL + 2k, )

Where, InL is the maximized value of the log-likelihood function for the estimated model, & is number
of parameters to be estimated and n is number of observed data.
Bayesian information criterion

The Bayesian information criterion (BIC) is another commonly used information criterion and it is closely
related to the AIC (Schwarz, 1978). The BIC can be calculated as follows (Equation 5):

BIC=-2InL+klnn, (5)

Coefficient of determination

The coefficient of determination (R?) is utilized to measure the linear relationship between the observed
and predicted probabilities of the distribution and is calculated as follows (Equation 6):

> (F(x)-F)

R’ = = , (6)

n

(£ (x)-F) +§(F,, (x)-F(x))

i=1
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- = 1¢ .
where F(x) is the estimated cdf, F' = —ZF (x,.) and F,(x) is the empirical distribution function, defined
ni-

1 n
as follows F, (x) = —ZI(x(i) < x), where I(x(l.) < x) =1if x, <x and 0 otherwise.

i=1

Root mean square error

The root mean square error (RMSE) is based on the difference between the observed and predicted
probabilities of the distribution and is calculated as follows (Equation 7):

RMSE:{%Zn:(ﬂ(xi)—ﬁ(xi))z}m. (7)

i=l1

The smaller values of ¥ > , KS, AD, AIC, BIC, RMSE and highest values of R?indicate the better fit of the
theoretical distribution to the rainfall data than others.

Results and discussion

Statistical properties of monthly, annual and seasonal rainfall

Tables 2 and 3 present the descriptive statistics include mean, standard deviation (SD), minimum,
maximum, median, coefficient of variation (CV%), coefficient of skewness and coefficient of kurtosis of
monthly, annual and seasonal rainfall data, respectively. It was observed, that month January has the highest
mean rainfall with the value 200.72 mm, while July has the lowest mean rainfall with the value 21.41 mm. The
highest mean rainfall was observed in summer season with the value 163.57 mm and the lowest in winter with
the value 35.34 mm. In general, in the spring and summer the highest maximum values of the mean rainfall,
maximum, median and standard deviation were observed, similar to the results obtained previously by
Teodoro et al. (2015) and Teodoro et al. (2016).

Table 2. Descriptive statistics for the monthly rainfall (mm) data.

Months Mean SD Min Max cv Median Skewness Kurtosis
(mm) (mm) (mm) (%) (mm)

January 200.72 82.00 0 465.0 40.85 197 0.44 0.77
February 154.55 70.24 0 405.6 45.45 137.6 0.65 0.77
March 135.45 70.56 0 478.0 52.05 131.93 1.11 2.80
April 86.55 53.04 0 306.7 61.25 76.33 1.19 2.03
May 66.43 50.75 0 329.9 76.40 55.8 1.67 4.17
June 36.94 40.14 0 245.7 108.66 27.3 2.06 5.92
July 21.41 24.80 0 147.2 115.80 13.65 2.06 5.36
August 24.28 32.02 0 193.4 131.90 14.95 2.41 7.17
September 60.34 47.34 0 331.7 78.45 51.58 1.70 5.00
October 105.97 60.31 0 350.3 56.91 97.63 1.05 1.98
November 144.43 66.05 0 383.8 45.73 135.65 0.57 0.92
December 176.11 78.81 0 447.5 44.75 165.8 0.64 0.63

Table 3. Descriptive statistics for the seasonal and annual rainfall (mm) data.

Seasons 1(\/:;;1; SD Min (mm) (11\141:) (C(yz/) N([rer?;f)n Skewness Kurtosis
Summer 163.57 79.27 0 478.0 48.46 145.55 0.72 0.97
Autumn 63.31 52.37 0 329.9 82.72 54.37 1.42 2.80
Winter 35.34 40.06 0 331.7 113.34 22.07 2.12 6.88
Spring 142.17 74.49 0 447.5 52.40 130.82 0.78 0.93
Annual 101.10 82.93 0 478.0 82.03 85.0 0.98 0.85

It was found that the values of coefficient of skewness are positive for all months and seasons, that indicate
that all distributions are positively skewed to the right. The skewness for eight months are greater than 1,
thus can be regarded the data as highly positively skewed, and three months lie within range 0.5-1, thus the
data are moderately positively skewed. The coefficient of kurtosis is in the range 0.63-7.14. The months with
high kurtosis are March to September, that is, rainfall data sets tend to have heavy tails, or outliers. The
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skewness for autumn and winter are greater than 1, that indicate the data are highly skewed to the right too.
Furthermore, the coefficient of kurtosis is in the range 0.93-6.88. In winter and autumn the highest values of
coefficient of kurtosis were observed (especially in winter), indicating a positive leptokurtic series in the heavy
tail. The maximum value of CV% was observed in the winter with the value 113.34%, and furthermore, the
highest value is in month August with the value 131.90%, which indicate a large fluctuation in the rainfall
data in this season and month, respectively.

The distribution of rainfall in the Pantanal region via boxplot showed high variability in the time series in
both seasonal and monthly scales, mainly in relation to the median and interquartile range - (Figure 2a). The
registered monthly accumulations were highly variable, with emphasis on the summer and winter seasons
(Figure 2b). The rainfall producing systems that contribute to the total rainfall recorded in the Pantanal are:
the Frontal Systems (FS), South Atlantic Subtropical Anticyclone (SASA) and Upper Tropospheric Cyclonic
Vortex — (UTCV), Chaco Low (CL), Bolivian High (BH), Low-Level Jet (LL]) and South Atlantic Convergence
Zone (SACZ) and Maden-Juliana Oscillation (MJO) - (Rao & Hada, 1990; Gan, Kousky, & Roupelewski, 2004;
Teodoro et al., 2016; Teodoro et al., 2015).
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Figure 2. Boxplot of mean rainfall (mm), (a) monthly and (b) seasonal.

Tables 4 and 5 show the maximum likelihood estimates of the parameters of the eight pdfs for the monthly,
seasonal and annual data, respectively.

Probability distributions of monthly rainfall

When modeling rainfall by several pdfs, we can conclude that there are several acceptable models. In this
study, the selection of the most appropriate pdf is based on the total score from all GOF tests and model
selection criteria. This approach is chosen in situations if it is not clear which model to choose, or it is difficult
to choose the best model. The pdfs are ranked based on their performances measured by the results of the
GOF tests and model selection criteria. The GOF tests and model selection criteria are ranked from one (best-
fit) to eight (least-fit) for all pdfs. The smallest ranking score indicates the best-fit.

The values of GOF tests and model selection criteria for monthly rainfall are summarized in Tables 6(a, b,
¢, d, e, f, g h,i j,kandl). The ranks of the pdfs according to the GOF values are also presented in Tables 6(a-
1). Table 7 presents best ranked pdfs using different GOF tests and model selection criteria for each month
and finally, Table 8 presents the top three pdfs for monthly rainfall.

The results from Tables 6-8 shown that the LN3P, G3P and GUM are the top three pdfs for modelling the
monthly rainfall data in the Pantanal region. The results show the flexibility and efficiency of the LN3P
distribution. The LN3P performs the best according to chi-square test, AD test (except April, where performs the
best GUM, but LN3P is second the best), RMSE and R?. The LN3P with minimum total rank performs the best for
all twelve months and thus provides the best-fit to the monthly rainfall data in the Pantanal region.The G3P ranks
the second best for seven months (January, February, June, August, September, November, December), and GUM
ranks the second best for four months (March, April, May, October). These distributions can be considered as a
possible alternative to modeling the monthly rainfall data in the Pantanal region.

Probability distributions of seasonal and annual rainfall

The values of GOF tests and model selection criteria and the ranks of the pdfs for seasonal and annual data
are summarized in Tables 9, 10, 11 and 12. Table 13 presents the best ranked pdfs using different GOF tests
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and model selection criteria for each season and annual data. Table 14 presents the top three pdfs for seasonal
and annual rainfall.

The results from Tables 9-11 and 14, 15 indicate that the LN3P provides the best-fit to the rainfall data for
summer and spring. This distribution ranks first and performs the best according to all GOF tests and model
selection criteria. Second the best for these two seasons is the G3P. For autumn performs the best G3P and
for winter the G2P. These pdfs can be selected as the most suitable for modelling the rainfall for autumn and
winter, respectively, while a second potential alternative for autumn is the LN3P and for winter the G3P.
Figure 3 shows the histograms and eight pdfs fitted to the seasonal rainfall data. Graphically it can be observed
that the LN3P provides the best-fit for summer and spring, whereas the LN2P provides the poorest fit.
Similarly, the G3P and G2P fit the best for winter and autumn, respectively.

Figure 4 shows the histograms and eight pdfs fitted to the annual rainfall data. Graphically it can be
observed that the W3P provides the best-fit, the W2P fit the histogram to a lesser degree and the LN2P
provides the poorest fit. For annual rainfall data the W3P, W2P and G3P are the top three pdfs. The W3P ranks
first and performs the best according to four GOF, namely chi-square test, AD test, RMSE and R?. The W2P
performs the best according the AIC and BIC, while the W3P performs the second best. The W3P can be
considered as the most suitable pdf for modeling annual rainfall data in the Pantanal region.

Table 4. Estimations of the parameters of pdfs for monthly data

Distribution|Parameters| January | February | March April May June July August |September| October |November|December
GUM a 163.618 | 123.296 | 106.311 | 64.2515 | 49.506 | 28.5448 | 17.2922 | 18.9719 | 43.9169 | 79.646 | 116.344 | 138.987
B 72.5457 | 59.3559 | 55.0663 | 39.2595 | 33.4284 | 24.9723 | 15.1531 | 18.6847 | 31.9628 | 48.1395 | 56.1375 | 67.5143
LN2P u 5.21499 | 4.92864 | 4.78498 | 4.27619 | 3.99196 | 3.34412 2.862 2.95865 | 3.84804 | 4.46058 | 4.85876 | 5.05483
o 0.471082| 0.545254 | 0.567658 | 0.677331 | 0.824825 | 1.1641 1.12056 | 1.09421 | 0.917967 | 0.786828 | 0.629998 | 0.521763
u 6.294737| 5.75817 | 5.37272 | 4.71175 | 4.3552 | 3.74318 | 3.20459 | 3.11982 | 4.29363 | 5.26794 | 5.82486 | 4.36123
LN3P o 0.145679| 0.210038 | 0.29533 | 0.41745 | 0.51402 | 0.69201 | 0.71773 | 0.91213 | 0.51844 | 0.28667 | 0.18318 | 0.29835
6 -345.302| -168.082 | -87.6419 | -33.7589 | -18.7491 | -8.89065 | -4.49424 | -1.97775| -20.317 | -95.418 | -197.806 | -71.9892
W2P a 2.66322 | 2.35712 | 2.08326 | 1.75456 | 1.50202 | 1.14842 1.1471 1.04687 | 1.42091 | 1.81053 | 2.35462 | 2.36746
B 227.047| 175.304 | 155.112 | 98.4601 | 77.8657 | 46.8068 | 28.608 | 32.3336 | 69.7851 | 119.443 | 164.412 | 198.673
a 2.59367 | 2.39092 | 1.96441 | 1.67378 | 1.51222 | 1.14493 1.1398 1.00511 | 1.43359 | 1.92231 | 2.52994 | 2.24083
W3P B 221.704 | 17741 | 147.026 | 94.5483 | 78.2681 | 46.7243 | 28.4975 | 31.3726 | 70.3182 | 125.01 173.7 189.312
0 4.86085 | -2.00348 | 6.87801 | 3.08165 [-0.235803|0.0317329| 0.0437566 | 0.399255 | -0.267587 | -4.24806 | -7.78904 | 8.25814
Gop a 5.48349 | 4.36425 | 3.79047 | 2.71794 | 2.07928 | 1.24374 | 1.27224 | 1.14238 | 1.80311 | 2.53908 | 4.06104 | 4.46049
B 36.86228|35.662829|36.239894/32.181659| 33.71817 |35.841395| 21.394813 |27.750798| 35.189584 |42.029875|36.070091|39.481061
a 22.3359 | 11.6293 | 5.78066 | 3.00365 | 2.41475 | 1.27736 | 1.29826 | 1.05557 | 2.12459 | 5.87852 | 14.9674 | 9.93052
G3P B 16.98445|20.114654(28.192442| 30.16382 |30.157179|35.019891| 21.012597 |29.662852| 31.07105 |24.336703|16.454892|24.995126
0 -177.118| -78.1994 | -25.4941 | -3.08623 | -2.76539 |-0.123188|-0.0625655| 0.390729 | -2.59504 | -36.4138 | -99.778 | -71.9892
RAZP B 202.547 | 165.839 | 148.276 | 104.574 | 93.417 | 72.5828 | 44.8541 | 58.3439 | 88.077 | 127.695 | 160.574 | 179.879
6 16.223 | 4.90741 | 6.14897 | -3.11004 | -9.23496 | -16.0025 | -10.1093 | -16.2283 | -11.4929 | -6.01651 | -1.10918 | 14.3411
Table 5. Estimations of the parameters of pdfs for seasonal and annual data
Distributioi  Parameters Summer Autumn Winter Spring Annual
GUM a 128.841 46.8142 26.122 109.006 71.4333
B 65.1897 35.5868 24.8068 60.995 60.8978
LN2P u 4.97665 3.89954 3.26615 4.79184 4.28043
o 0.558302 0.973349 1.13445 0.699612 1.09351
LN3P u 5.69277 4.04239 3.51322 5.58094 4.77655
o 0.25155 0.66692 0.83756 0.26325 0.60075
0 -141.086 -2.1675 -4.32258 -131.533 -32.7959
W2P a 2.22391 1.3733 1.09445 1.99735 1.27306
B 186.352 75.0522 43.8628 161.003 116.145
W3P a 2.18394 1.39089 1.0855 2.10332 1.28211
p 183.434 75.6124 43.6384 167.389 116.62
0 2.53103 -0.345723 0.0846797 -5.29229 -0.283718
G2P a 4.00594 1.66339 1.1806 3.06014 1.38414
B 41.216887 41.283078 35.91438 46.785815 78.116456
G3P a 7.93004 2.00056 1.16572 7.00709 1.45424
B 27.62904 35.51767 36.2809159 27.821287 74.904684
0 -53.9448 -2.65533 0.0613632 -51.7675 -0.820457
RA2P B 177.522 97.0933 72.5403 163.595 158.395
0 5.63757 -13.974 -17.9552 -2.95265 -28.0274
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Table 6 (a). Results of the goodness of fit tests and model selection criteria and their ranks for January

Distr. v Rank Dn A2 AIC BIC RMSE R Sum of
(mm) ranks
GUM 97.8605 6 0.137299 5 4.66801 5 3307.00 6 331430 6 0.0582 6 0.9550 6 40
LN2P 131.759 8 0.165327 8 7.47863 7 3343.52 8 3350.82 8 0.0725 7 0.9293 7 53
LN3P 77.0668 1 0.106022 2 290516 1 3293.16 1 3304.11 2 0.0378 1 0.9890 1 9
W2P 87.3786 4 0.111799 3 349569 3 3295.66 3 330296 1 0.0517 4 0.9645 4 22
W3P 87.1963 3 0.109512 4 3.48463 4 329748 4 3308.43 4 0.0517 3 0.9645 3 25
G2P 97.4282 5 0.138357 6 4.47522 6 3306.00 5 331330 5 0.0577 5 0.9566 5 37
G3P 77.9338 2 0.105312 1 2.94788 2 329348 2 3304.43 3 0.0474 2 09714 2 14
RA2P 117.258 7 0.160146 7 7.84324 8 3314.16 7 332146 7 0.0772 8 09127 8 52
Table 6 (b). Results of the goodness of fit tests and model selection criteria and their ranks for February.
Distr. X Rank Da A2 AIC BIC RMSE R? Sum of
(mm) ranks
GUM 63.1869 3 0.101231 3 2.84171 3 320098 3 320828 2 0.0444 2 0.9741 3 19
LN2P 96.7729 8 0.148356 8 6.85585 8 326392 8 3271.22 8 0.0659 8 0.9374 7 55
LN3P 57.8228 1 0.098589 1 2.53702 1 3196.64 1 3207.59 1 0.0312 1 0.9921 1 7
W2P 69.3344 5 0.104251 4 3.48182 4 320292 4 321022 4 0.0520 6 0.9641 6 33
W3P 69.6624 6 0.104979 5 350502 5 320480 5 321575 5 0.0509 5 0.9661 5 36
G2P 68.4915 4 0.112178 6 3.53072 6 321258 7 3219.88 7 0.0492 4 0.9677 4 38
G3P 59.1427 2 0.100426 2 2.64914 2 3197.48 2 320843 3 0.0447 3 0.9751 2 16
RA2P 85.6017 7 0.129723 7 5.53528 7 3212.04 6 321934 6 0.0627 7 0.9434 8 48
Table 6 (c). Results of the goodness of fit tests and model selection criteria and their ranks for March.
Distr. o Rank D A2 AIC BIC RMSE R Sum of
(mm) ranks
GUM 66.2782 2 0.094501 3 2.31671 2 314690 1 3154.18 1 0.0411 3 09785 3 15
LN2P 97.1879 8 0.138290 8 5.52396 8 3182.66 8 3189.94 8 0.0627 8 09478 8 56
LN3P 66.1227 1 0.086318 1  2.09641 1 3148.24 2 3159.17 2 0.0322 1 09915 1 9
W2P 85.1029 7 0.106847 7 3.11088 7 3157.30 7 316458 6 0.0469 7 09697 7 48
W3P  84.2529 6 0.100582 4 3.01839 6 3157.20 6 3168.13 7 0.0467 6 09701 6 41
G2P 76.3414 4 0.102790 5 2.85332 4 3151.94 4 3159.22 3 0.0459 5 09725 5 30
G3P  70.1089 3 0.088511 2 2.24532 3 3149.88 3 3160.81 4 0.0409 2 09785 2 19
RA2P 83.7848 5 0.103472 6 2.92512 5 315530 5 3162.58 5 0.0458 4 09714 4 34
Table 6 (d). Results of the goodness of fit tests and model selection criteria and their ranks for April.
Distr. Rank D A AIC BIC RMSE R? Sum of
(mm) ranks
GUM 27.3992 4 0.072232 1 1.23650 1 2982.04 4 2989.33 2 0.0289 2 09901 2 16
LN2P 43.3450 8 0.124718 8 3.75721 8 300594 8 3013.23 8 0.0505 8 0.9670 8 56
LN3P 25.8251 1 0.073423 2 1.26422 2 2981.64 3 299258 5 0.0178 1 0.9971 1 15
W2P  34.3002 6 0.084605 6 1.87442 6 298340 6 2990.69 3 0.0374 6 09818 6 39
W3P  32.3024 5 0.078061 4 1.75601 5 2983.10 5 299404 6 0.0368 5 0.9825 5 35
G2P  27.3807 3 0.082372 5 1.50763 4 2978.86 1 2986.15 1 0.0338 4 0.9857 4 22
G3P 27.0814 2 0.076058 3 1.40092 3 298042 2 2991.36 4 0.0325 3 09868 3 20
RA2P 41.2638 7 0.116574 7 2.86826 7 2991.32 7 2998.61 7 0.0459 7 09745 7 49
Table 6 (e). Results of the goodness of fit tests and model selection criteria and their ranks for May.
Distr. Rank D A AIC BIC RMSE R? Sum of
(mm) ranks
GUM 39.8728 6 0.085354 4  1.40850 2 2782.16 4 2789.36 4 0.0275 2 09909 2 24
LN2P 42.9078 7 0.136935 7 4.51506 7 2831.32 8 2838.52 8 0.0555 7 09561 7 51
LN3P 22.2098 1 0.085612 5 0.99274 1 2773.58 1 278439 1 0.0199 1 09959 1 11
W2P 38.7736 4 0.076851 2 242876 5 2784.68 5 2791.88 5 0.0390 5 09789 5 31
W3P  39.1077 5 0.075252 1 243581 6 278642 6 2797.23 6 0.0392 6 09787 6 36
G2P  28.5694 2 0.089381 6  1.66327 4 2779.68 3 2786.88 2 0.0336 4 0.9850 4 25
G3P  29.0711 3 0.078185 3 141659 3 2777.56 2 2788.37 3 0.0306 3 0.9878 3 20
RA2P 72.8891 8 0.139941 8 5.84112 8 281348 7 2820.68 7 0.0636 8 0.9501 8 54
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Table 6 (f). Results of the goodness of fit tests and model selection criteria and their ranks for June.

Distr. o Rank D A2 AIC BIC RMSE R Sum of

(mm) ranks
GUM 389777 7  0.085808 2 2.17849 6 2307.54 6 231476 6 0.0363 6 09849 6 39
LN2P 352669 6  0.168765 8 6.52437 7 233272 7 2339.94 7 00694 7 09315 7 49
LN3P 10.1888 1 0081403 1 0.77965 1 2279.16 5 2289.99 5 00116 1 09983 1 15
W2P 147820 5 0.097521 3 138329 3 2270.74 1 227796 1 00325 3 0981 3 19
W3P 147498 4 0.098352 4 140535 4 227270 3 2283.53 3 0.0327 4 09859 4 26
G2P 129090 3 0103149 6 145624 5 227128 2 227850 2 0.0333 5 0984 5 28
G3P 125951 2 0098841 5 133168 2 227316 4 228399 4 00316 2 09870 2 21
RA2P 67.1809 8  0.158343 7 8.50007 8 234822 8 235544 8 00841 8 09172 8 55

Table 6 (g). Results of the goodness of fit tests and model selection criteria and their ranks for July

Distr.  »? Rank Dn A2 AIC BIC RMSE R? Sum of

(mm) ranks
GUM 469255 7  0.123248 6 3.62476 6 197200 6 1979.23 6 00512 6 09705 6 43
IN2P 27.5989 6  0.168801 7 528584 7 1980.65 7 1987.88 7 00634 7 09424 7 48
IN3P 163165 1 0092428 1 107160 1 1936.82 5 194767 5 00247 1 09915 1 15
W2P 242823 5 0106115 3 19396 4 193395 2 194118 2 00403 4 09784 4 24
W3P 239683 4  0.107826 5 196536 5 193585 4 194670 4 00406 5 09780 5 32
G2P 20590 2 0.106961 4 177921 3 193320 1 194044 1 00383 3 09807 3 17
G3P 207628 3 0.103918 2 172216 2 193512 3 194597 3 00377 2 09814 2 17
RAZP 75.0864 8  0.179144 8 10.6907 8 201464 8 2021.87 8 0.0980 8 0.8913 8 56

Table 6 (h). Results of the goodness of fit tests and model selection criteria and their ranks for August.

Distr. Rank Da A? AIC BIC RMSE R? Sum of
(mm) ranks
GUM 622174 7 0145072 7 5.88250 7 202276 7  2029.54 7 00655 7 09527 7 49
LN2P 136721 2 0121334 6 210220 6 1959.82 6 196659 6 00416 6 09779 6 38
IN3P 77077 1 0087082 2 101311 1 195354 3.5 196371 5 00116 1 09970 1 145
W2P 187234 6 0088579 3 177954 5 195509 5  1961.87 2 00398 5 09793 5 31
W3P 175944 5 0092365 4 1.65373 3 195233 2 196250 3 00390 3 09800 4 24
G2P 17.5337 4 0093211 5 1.67841 4 195354 35 196031 1 00394 4 09805 3 245
G3P 169303 3 0084718 1 155998 2 195206 1 196223 4 00382 2 09813 2 15
RAZP 122.366 8 0228448 8 153512 8 207876 8 208554 8 01187 8 08443 8 56

Table 6 (i). Results of the goodness of fit tests and model selection criteria and their ranks for September.

Distr.  »? Rank Da A2 AIC BIC RMSE R? Sum of
(mm) ranks
GUM 34.8775 3 0.065746 1 1.02320 3 2765.18 6 277239 6 0.0241 2 0.9932 2 23
LN2P 69.0254 8 0.141758 8 5.80228 8 2821.68 8 2828.89 8 0.0617 8 09461 8 56
LN3P 32.4946 1 0.082746 5  0.72737 1 2756.86 2 276768 4 0.0149 1 0.9975 1 15
W2P  39.0342 6 0.077464 3  1.38202 5 2757.40 3  2764.61 1 0.0314 5 0989 5 28
W3P  38.9861 5 0.074967 2 1.36235 4 2759.14 5 2769.96 5 0.0313 4 0.9870 4 29
G2P  37.0092 4 0.092942 6 1.39706 6 2758.24 4 276545 2 0.0318 6 0.9868 6 34
G3P 34.6170 2 0.080261 4  0.94415 2 2756.32 1 2767.14 3 0.0264 3 09911 3 18
RA2P 47.0029 7 0.120454 7 449939 7 2791.04 7 279825 7 0.0577 7 0.9600 7 49

Table 6 (j). Results of the goodness of fit tests and model selection criteria and their ranks for October.

Distr.  »  Rank Da A2 AIC BIC RMSE (mm) R’ Sum of
ranks
GUM 43.0055 2 0097616 5 240722 2 309190 1 309920 1 00413 2 09779 2 15
LN2P 124051 8  0.177986 8 119671 8 320638 8 321368 8 00897 8 08798 8 56
LN3P 414461 1 0088410 2 220319 1 309310 2 310405 2 00287 1 09931 1 10
W2P 549165 6 0102481 6 352125 6 3099.84 6 310714 5 00501 6 09658 6 41
W3P 523041 5 0092482 4 3.24412 5 309860 5 310955 6 00483 5 09681 5 35
G2P 65.2596 7  0.131695 7 506459 7 311578 7 312308 7 00601 7 09502 7 49
G3P 444647 3 0.089892 3 242093 3 309438 3 310533 4 00415 3 09775 3 22
RAP 517735 4 0083616 1 310195 4 309698 4 310428 3 00469 4 09703 4 24
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Table 6 (k). Results of the goodness of fit tests and model selection criteria and their ranks for November.

Distr. 2 Ran D, A2 AIC BIC RMSE R? Sum of
(mm) ranks
GUM  57.4739 4 0.111682 5 3.15679 3 314246 3 3149.74 3 0.0459 3 09711 3 24
LN2P  117.674 8 0.169410 8 853844 8 3283.04 8 3290.32 8 0.0879 8 0.8743 8 56
LN3P  49.0864 1 0.084339 2 222264 1 313466 1 314559 1 0.0287 1 0.9940 1 8
W2P 59.8096 3 0.095506 4 341756 5 3148.86 5 3156.14 5 0.0494 4 0.9665 5 31
W3P  60.3900 5 0.084994 3 337908 4 3144.14 4 3155.07 4 0.0495 5 0.9667 4 29
G2P 66.8437 6 0.130473 6 4.68148 6 317248 7 3179.76 7 0.0570 6 0.9538 6 44
G3pP 50.2047 2 0.084225 1 234069 2 313552 2 314645 2 0.0410 2 09781 2 13
RA2P  82.0176 7 0.148364 7 7.49689 7 3159.22 6 316650 6 0.0736 7 09174 7 47
Table 6 (1). Results of the goodness of fit tests and model selection criteria and their ranks for December.
2 Rank Dn A? AIC BIC RMSE R Sum of
(mm) ranks

GUM 121.542 5 0.133554 6 2.09435 5 329994 6 3307.25 6 0.0383 5 09818 5 38
LN2P 153.994 8 0.167604 8 4.87191 8 3333.88 8 3341.19 8 0.0558 8 09599 38 56
LN3P 109.664 1 0.111671 4 1.41141 1 329550 3 330647 3 0.0211 1 0.9%6 1 14
W2P 118.876 4 0.102892 1 1.76981 4 3295.12 1 330243 1 0.0368 4 09827 4 19
W3P 118.837 3 0.108483 2 1.73426 3 3296.24 4 3307.21 5 0.0362 3 09834 3 23
G2P 125.779 6 0.136812 7 2.26973 6 3300.64 7 3307.95 7 0.0400 6 09801 6 45
G3P 111.257 2 0.111523 3 1.45366 2 3295.34 2 3306.31 4 0.0333 2 09865 2 17
RA2P 128.276 7 0.132819 5 2.56448 7 3297.44 5 3304.75 2 0.0430 7 09755 7 40

Table 7. Best ranked probability distributions using different goodness of fit tests and model selection criteria for months.

Months y2-test KS AD AIC BIC RMSE R?
January LN3P G3P LN3P LN3P W2P LN3P LN3P
February LN3P LN3P LN3P LN3P N3P LN3P LN3P
March LN3P LN3P LN3P GUM GUM LN3P LN3P
April LN3P GUM GUM G2P G2P LN3P LN3P
May LN3P W3p LN3P LN3P LN3P LN3P LN3P
June LN3P LN3P LN3P W2P Ww2Pp LN3P LN3P
July LN3P LN3P LN3P G2P G2P LN3P LN3P
August LN3P G3P LN3P G3P G2P LN3P LN3P
September LN3P GUM LN3P G3P W2P LN3P LN3P
October LN3P RA2P LN3P GUM GUM LN3P LN3P
November LN3P G3P LN3P LN3P LN3P LN3P LN3P
December LN3P W2P LN3P W2P W2P LN3P LN3P

Table 8. Top three probability distributions using different goodness of fit tests and model selection criteria for months.

Months 1. 2. 3.
January LN3P G3P W2P
February LN3P G3P GUM
March LN3P GUM G3P
April LN3P GUM G3P
May LN3P GUM G3P
June LN3P G3P GUM
July LN3P W2P G3P
August LN3P G2P, G3P W2P
September LN3P G3P W3P
October LN3P GUM G3P
November LN3P G3P GUM
December LN3P G3P W2P
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Table 9. Results of the goodness of fit tests and model selection criteria and their ranks for Summer.
Dist. >  Rank Da A? AIC BIC RMSE R? Sum
(mm) of ranks
GUM 102.486 3 0.063812 5  2.8862 3 975123 3 9760.78 3 0.0247 3 09924 3 23
LN2P 173.140 8 0.112809 8 12.3315 8 9884.64 8 9894.15 8 0.0499 8 0.9663 8 56
LN3P 87.759 1 0.053181 1 195562 1 974336 1 9757.62 1 0.0142 1 0.9984 1 7
W2P 110.230 6 0.059240 4 3.63324 5 975444 4 976395 4 0.0284 5 0.9894 5 33
W3P 111.022 5 0.057297 3 3.56176 4 975592 5 9770.15 5 0.0281 4 0.9897 4 30
G2P  103.867 4 0.076455 6 4.19262 6 9767.34 7 9776.85 7 0.0299 6 0.9885 6 42
G3P  90.867 2 0.054197 2 2.11544 2 974404 2 975830 2 0.0221 2 0.9939 2 14
RA2P 117.920 7 0.082111 7 5.78033 7 9761.29 6 9770.79 6 0.0357 7 0.9826 7 47
Table 10. Results of the goodness of fit tests and model selection criteria and their ranks for Autumn.
Dis, Rank D, A2 AIC BIC RMSE R Sum.of
(mm) ranks
GUM 77.589 6 0.047229 4 2.75088 6 820846 6 8217.80 6 0.0198 3 0.9955 3 34
LN2P 131.131 7 0.111781 8 15.7603 8 8374.10 8 8383.61 8 0.0579 8 0.9526 8 55
LN3P 44.042 2 0.050498 5 1.13045 1 817164 5 818590 5 0.0086 1 0.9991 1 20
W2P 48.153 4 0.044954 2 2.0715 4 8162.76 2 8172.27 1 0.0207 5 0.9945 5 23
W3P  48.492 5 0.042944 1 195117 3 816352 3 8177.53 3 0.0201 4 0.9948 4 23
G2P  44.437 3 0.061140 6 2.48948 5 817048 4 8179.99 4 0.0237 6 0.9928 6 34
G3P  40.798 1 0.046967 3 1.18426 2 816148 1 817574 2 0.0162 2 0.9968 2 13
RA2P 165.376 8 0.097804 7 12,9288 7 826696 7 827698 7 0.0549 7 0.9650 7 50
Table 11. Results of the goodness of fit tests and model selection criteria and their ranks for Winter.
Distr. 2 Rank D» A AIC BIC RMSE R Sum of
(mm) ranks
GUM 176.688 7 0.102725 7 12.0846 7 6971.36 7 6980.50 7 0.0507 7 09727 7 49
LN2P 71.284 6 0.094777 6 7.78686 6 6892.68 6 6902.19 6 0.0397 6 09793 6 42
LN3P 41.561 5 0.050805 1 1.60272 3 6813.04 5 6827.30 5 0.0212 5 09927 5 29
W2P  35.098 4 0.059780 4 1.68492 5 679090 3 6800.39 2 0.0200 4 0.9950 4 26
W3P  34.672 3 0.061665 5 1.67833 4 6791.68 4 680594 4 0.0198 3 09951 3 26
G2P  32.891 2 0.056076 2 143073 1 6788.54 1 679805 1 0.0186 2 0.9958 2 11
G3P  32.739 1 0.058012 3  1.44157 2 6790.16 2 680442 3 0.0184 1 0.9958 1 13
RA2P 276.819 8 0.166828 8 31.8186 8 7093.42 8 7102.57 8 0.0931 8 0.9064 8 56
Table 12. Results of the goodness of fit tests and model selection criteria and their ranks for Spring.
Distr. o Rank D A2 AIC BIC RMSE R Sum of
(mm) ranks
GUM  67.041 3 0.044624 3  1.68446 3 9667.24 3 9676.75 2 0.0180 3 09959 3 20
LN2P 196.449 8 0.127529 8 7.78686 8 9977.46 8 998697 8 0.0664 8 0.9338 8 56
LN3P 61.372 1 0.036199 1 1.10933 1 966244 1 967670 1 0.0108 1 0.9991 1 7
W2P  73.002 5 0.058436 5 3.10359 5 9680.02 6 9689.53 6 0.0254 5 09915 5 37
W3P  72.536 4 0.054645 4  2.94463 4 9672.74 4 968797 5 0.0250 4 0.9918 4 29
G2P  101.951 7 0.078644 7 5.89408 7 972640 7 973591 7 0.0349 7 09838 7 49
G3P  62.179 2 0.040601 2 1.38039 2 966292 2 9677.18 3 0.0169 2 0.9964 2 15
RA2P 74.031 6 0.065649 6 3.71070 6 9672.92 5 968241 4 0.0282 6 0.9894 6 39
Table 13. Results of the goodness of fit tests and model selection criteria and their ranks for annual rainfall.
Dist. %>  Rank D» Rank A’  Rank  AIC BIC RMSE R? Sum of
(mm) ranks
GUM 517.121 6 0.058122 5 20.7991 6 36661.69 7 36673.88 7 0.0303 6 0.9903 6 43
LN2P 701.760 8 0.102745 8 70.1056 8 37155.20 8 3716748 8 0.0611 8 0.9522 8 56
LN3P 376.841 5 0.064426 6 18.3676 5 36504.40 5 36522.82 5 0.0224 3 09942 3 32
W2P 132.928 2 0.048653 4 7.8631 2 3622040 1 3623268 1 0.0208 2 0.9951 2 14
W3P 130.459 1 0.048046 3 7.5249 1 36220.60 2 36239.02 2 0.0204 1 0.9953 1 11
G2P 186.135 4 0.058711 2 13.8286 4 36289.40 4 36301.68 3 0.0286 5 0.9905 5 27
G3P 184.559 3 0.057389 1 12.3409 3 36283.80 3 36302.22 4 0.0268 4 09917 4 22
RA2P 565.180 7 0.089312 7 40.2899 7 36655.59 6 36667.74 6 0.0456 7 09782 7 47
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Table 14. Best ranked probability distributions using different goodness of fit tests and model selection criteria for seasons

Seasonal 1-test KS AD AIC BIC RMSE R?
Summer LN3P LN3P LN3P LN3P LN3P LN3P LN3P
Autumn G3P W3P LN3P G3P W2P LN3P LN3P

Winter G3P LN3P G2P G2P G2P G3P G3P

Spring LN3P LN3P LN3P LN3P LN3P LN3P LN3P

Annual W3P G3P W3P W2P W2P W3P W3P

Table 15. Top three probability distributions using different goodness of fit tests and model selection criteria for seasons

Season 1. 2. 3.
Summer LN3P G3P GUM
Autumn G3P LN3P W2P, W3P
Winter G2P G3P W2P, W3P
Spring LN3P G3P GUM
Annual W3p W2P G3P
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Figure 3. Histograms of observed data and eight fitted pdfs for summer, autumn, winter and spring precipitation
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Figure 4. Histograms of observed data and eight fitted pdfs for annual precipitation.

One of the concerns about rain is the intensity and frequency of its occurrence, due to its potentially
harmful effects, when in excess or due to scarcity. Thus, the knowledge of the probabilities of occurrence of
rain becomes of paramount importance in planning related activities or in monitoring hydrological processes
concerning hydrographic basins, being important for the planning of water resources and optimization of the
calendar of agricultural activities (Santos, Blanco, & Oliveira Junior, 2019). In this context, the rainfall of a
given location can be estimated, among other ways, in probabilistic terms, using theoretical distribution
models adjusted to a historical series (Lyra, Garcia, Piedade, Sediyama, & Sentelhas, 2006; Teodoro et al.,
2017).

In the Pantanal region has physical peculiarities such as terrain and vegetation that directly influence the
spatial variability of rainfall, as well as geographic positioning, since it results from the coupling of several
meteorological systems, and is strongly controlled by the Intertropical Convergence Zone (ITCZ), which
results in rainfall in the southern summer (Figure 2). The rainfall, on average, is 1200 mm per year, from
October to April, the low convergence in southern SA associated with ITCZ results in the advent of air masses
moist by northwestern winds derived from the Amazon Basin (Carvalho, Jones, & Liebmann, 2004; Vieira,
Satyamurty, & Andreoli, 2013; Bergier et al., 2018). Rainfall variability is thought to have strong links with El
Nino - Southern Oscilattion (ENSO); however, recent studies have also pointed to the occurrence of almost
periodic events of heavy rains associated with the SACZ, which are driven by the South Atlantic Convergence
and the MJO (Carvalho et al., 2004; Carvalho et al., 2011; Novello et al., 2018), as the Convective System, the
South Atlantic Convergence, BH and FS (Gan et al. 2004; Teodoro et al., 2016; Teodoro et al., 2015; Teodoro
et al., 2017). The influence of the highlands, located in the center-west and east, respectively, is perceived in
the spatial distribution of rainfall. Relief-induced rains can potentially occur in these regions, making them
rainier compared to locations in the same latitudes, without the influence of altitude.

Seasonality and annual cycles

The areas where the river springs are located have an erosive potential, but are protected by the natural
cover of the plants. With the advent of deforestation, erosion has become more severe. In the north of the
Pantanal, floods occur between March and April, while in the south they occur from July to August. Between
November and March, there is intense water loss due to evapotranspiration (ET). The most intense rains occur
from October to March. River flows (m3.s™!) have their inflow from January to April, with peaks in March and
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discharges occur from April to October, with peaks from June to July, measured in Porto Esperanca, on the
Paraguay river (Hamilton, Sippel, Calheiros, & Melack, 1997).

The maximum seasonal flooding in the region occurs between February and April and decreases, with peak
dry weather between October and December. In addition to annual floods, there are variations over longer
periods, with no defined pattern. Such floods are influenced by several factors, both on the macro and on the
micro scale. The variations in the level of the river depend fundamentally on the characteristics of the rainfall
each year.

In some years, there were strong floods, the different trends of rainfall show the climatic diversity of the
Pantanal. However, climatic variability tends to be homogeneous for the biome. The years with the highest
rainfall were 1974, 1976, 1982 and 1998, while the greatest droughts occurred in 1978, 2002, with 45.6% of
monthly values above average and 54.4% of monthly averages below average. This hydrological seasonality,
with an annual hydraulic pattern, is ecologically decisive for the survival of wildlife in the Pantanal.

According to a bulletin from the ANA (2008), in early 2008 the rainfall was above the historical average in
practically the entire Upper Paraguay Basin (BAP). Total rainfall in January and February exceeded the average
by 100% and 50%, respectively. The increase in local rainfall contributed to a rapid increase in water levels in
rivers at the beginning of the flood period.

The climatic conditions alone are not sufficient to explain the differences observed in the Paraguay River
regime and in some of its tributaries. The complexity of the hydrological regime of the Paraguay River is
related to the smooth slope of the terrain comprised by the plains and swamps of MT (between 50 and 30 cm
km in the east-west (E-W) direction and 3 to 1.5 cm km™ from N to S). It is also due to the extension of the
area, which periodically remains flooded with a large volume of water. The winding course of the river and
the countless geographical features of the flooded plains contribute to the slow flow of water.

Conclusion

To evaluate the performance of different probability distributions, and identifying the distribution of more
appropriate probability for rainfall data in the Pantanal region, it was observed that the best fit was the
distribution lognormal 3 parameters (LN3P) for spring and summer; for winter and autumn, the 2-parameter
Gamma (G2P) and 3-parameter Gamma (G3P) distributions achieved better performance. For annual
observations, the function that best fits the rainfall data is the 3-parameter Weibull distribution (W3P). The
3-parameter Lognormal distribution (LN3P) provides the best fit for monthly precipitation data.
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