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Abstract

The region of study was MATOPIBA, located in the north of Brazilian Savanna biome (Cerrado), encompassing part of
north/northeast of Brazil. The region has been gaining prominence in the last years due to the expansion of agricultural
over this area. The aims of this study were: to adjust parameters for rainfall intensity-duration-frequency; and to identify
the most vulnerable agricultural areas to erosion based on erosivity and erodibility. The rainfall intensity-duration-fre-
quency function were adjusted using series of maximum annual rainfall event from 105 rainfall gauges. Gumbel model
was the most efficient to simulate the maximum rainfall intensity, where these data were used to adjusted the rainfall
intensity-duration-frequency model based on K, a, b and ¢ parameters. The most rainfall gauges showed intensity
between 51 and 80 mm h™" and 81 and 120 mm h™', respectively, for return period of 2 and 100 years with rainfall dura-
tion of 30 minutes. The higher rainfall intensity was observed mainly in the central-north of the region associated with
rainfall systems. The rainfall intensity showed a huge capacity to cause soil erosion based on the erosivity energy, while
the moderate erodibility was observed for areas with Ferralsols and Leptosols and low erodibility for areas with
Arenosols.

Keywords: Gumbel model, return years, soil erosion, erosivity, erodibility, Brazilian Savanna.

Relacdo Intensidade-Duracao-Frequencia de Chuva para Analise de Risco na
Regido do Matopiba, Brasil

Resumo

A regido de estudo foi 0o MATOPIBA, localizado no norte do Cerrado Brasileiro. Esta regido vem ganhando destaque
pela expansdo de area agricolas nos ultimos anos. Desta forma, o objetivo deste estudo foi ajustar parametros para esti-
mativa da intensidade-duracdo-frequéncia de chuva, e identificar areas agricolas com maior risco de erosdo baseado nos
indices de erosividade e erodibilidade. As fun¢des de intensidade-duracdo-frequéncia de chuva foram ajustadas usando
series de valor maximo de chuva de 105 estagdes pluviométricas. O modelo Gumbel foi o que melhor simulou a dis-
tribui¢do de maxima intensidade de chuva, usada para ajustar os coeficientes K, a, b e ¢ da relagdo intensidade-duragao-
frequéncia. A maioria das estagdes obteve intensidades entre 51 ¢ 80 mm h™', e 81 ¢ 120 mm h™', respectivamente, para
periodo de retorno de 2 e 100 anos com duragdo de 30 minutos. As maiores intensidades foram observadas na regido
central-norte, que estd associada ao sistemas de chuvas. A intensidade de chuva mostrou-se capaz de causar elevado
risco de erosdo, considerando a energia de erosividade. Enquanto que erodibilidade apresentou moderado risco para
latossolos e neossolos litolicos, e baixo para neossolos quartzarénicos.

Palavras-chave: modelo Gumbel, anos de retorno, erosdo do solo, erosividade, erodibilidade, cerrado.

1. Introduction of Maranhdo (MA) and Tocantins (TO) states, and the
The MATOPIBA is a region located in the north of Southwest of Piaui (PI) and West of Bahia (BA) states.

. . . The region has been gaining prominence in the recent
Brazilian Savanna biome (Cerrado), comprising the most & & £p
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years due to the expansion of agricultural over this area.
The MATOPIBA represented 9.28% of grain production
in Brazil, with a total arca of over 7 million hectares
(MAPA, 2017). The main crops grown are soybean, cot-
ton, maize and rice (CONAB, 2018).

The climate was classified as Aw (tropical zone with
dry winter) in the most of area, following the Képpen cli-
mate classification (Alvares et al., 2013). The rainfall is
concentrated from October to April, totalizing between
1000 and 1600 mm year'1 (INMET, 2017). The higher
rainfall quantity falling in a short period increase the risk
of erosion in agricultural areas (Wu et al., 2017) and water
losses (Wang et al., 2015). The risk of erosion and water
losses can be reduced with a better plan of hydraulic
works in the agriculture.

Hydraulic works in agriculture include erosion con-
trol, dump spillways, drainage systems and stormwater
galleries (Damé et al., 2012). The efficiency of these sys-
tems goes through a good planning based on temporal and
spatial rainfall intensity-duration-frequency. The intensity-
duration-frequency relationships are used to characterize
the maximum rainfall patterns (Oliveira et al., 2005),
which is essential to dimension the size of the structure in
agriculture to reduce erosion and water losses.

The soil characteristics are other important point for
analyze the risk of erosion and water losses. The Universal
Soil Loss Equation was developed based on five factors,
being: erosivity, erodibility, slope steepness and length,
land use and cropping management, and control erosion
practices (Nearing et al., 2017). Erosivity represents the
maximum energy of rainfall per unit of rainfall depth,
related with maximum rainfall intensity in 30 minutes
(Zheng and Chen, 2015), while erodibility represent the
soil erosion susceptibility in function of soil texture and
structure, organic matter content and soil permeability
(Jones et al., 1996).

This way, the aims of this study were: 1) to adjusted
parameters for intensity-duration-frequency relationship
from daily rainfall disaggregation; 2) to determine the
maximum rainfall intensity in 30 minutes for return period
of 2, 5, 10, 25, 50 and 100 years; and 3) to analyses the
most vulnerable agricultural areas to erosion based on ero-
sivity and erodibility in the region of MATOPIBA, Brazil.

2. Material and Methods

2.1. Study area

The region of study were the main agricultural areas
in the MATOPIBA, including the South of Maranhdo
(MA) state, the Northeast of Tocantins (TO) state, the
Central-South of Piaui (PI) state, and West of Bahia (BA)
state in Brazil (Fig. 1). The climate was classified as a tro-
pical zone with dry winter (Aw) for the most of the area,
and tropical zone with dry summer (As) for a small region

in the Southeast, following the K&ppen climate classifica-
tion (Alvares et al., 2013). Annual rainfall range between
1000 and 1600 mm year, occurring mostly between
October and April (INMET, 2017).

2.2. Rainfall data

Rainfall data were obtained from the National
Hydrometeorological Network of the National Water
Agency (ANA, 2014) for 105 gauges located in 35 cities.
The period of daily record rainfall ranged from 15 to
65 years along the sites. A consistency analysis was done
to eliminate rainfall gauges with less than 15 years of
records and with missing data. The 15 years of records is a
minimum data considered by MAPA (2018) for agri-
cultural zoning, which defined the adaptability of a region
for agricultural purposes. The rainfall series showed to be
stationarity, which was verify by linear regression and the
level of significance. In each hydrological year was selec-
ted the higher rainfall event occurred in one day to build
the series of probability distribution for the maximum
rainfall intensity, which make each maximum event
independent.

2.3. Rainfall disaggregation

The maximum rainfall intensity was estimated based
on the relationship between the total rainfall and the pe-
riod. The maximum rainfall intensity was disaggregated
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Figure 1 - Koppen’s climate classification, location of rainfall gauges,
and delimitation of MATOPIBA and research region. Adapted from
Alvares et al. (2013).
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from a daily period to 1440 minutes, from 1440 min to
720, 600, 480, 360 and 60 minutes, from 60 minutes to 30,
and from 30 minutes to 25, 20, 15, 10 and 5 minutes. The
rainfall disaggregation was done by multiplying the refer-
ence value for a proportion coefficient adjusted in DAAE-
CESTESB (1980), which was used by different authors for
the Cerrado biome (Oliveira et al. 2005; 2008; Campos et
al., 2014). The use of general parameters was did due to
the rainfall data were obtained daily and there was no data
available for the region at a smaller frequency to generate
an appropriated rainfall disaggregation for the regional
condition, as recommended by Koutsoyiannis et al.
(1999).

2.4. Modelling intensity-frequency-duration (IFD)
curves

The maximum rainfall intensity was submitted to the
statistical analysis to adjust the best probabilistic model,
considering different rainfall duration (1440, 720, 600,
480, 360, 60, 30, 25, 20, 15, 10 and 5 minutes). Gumbel,
Log-Normal with 2 and 3 parameters, Pearson and Log-
Pearson III were the models tested for the maximum rain-
fall intensity in the pre-analysis. The Gumbel model
showed the best performance between the tested models
based on chi-square test.

After obtained the Gumbel parameters for maximum
rainfall intensity and duration, the inverse of Gumbel was
used to calculate the maximum rainfall intensity for dif-
ferent duration and return period, as present in Eq. (1).

. B var \ var
lf_(””“‘” 0'557*\/1.645) ( 1.645)

*Ln(Ln R;i) (1)

where: i ; (mm h™") is the maximum rainfall intensity for
the duration period of 1440, 720, 600, 480, 360, 60, 30,
25, 20, 15, 10 and 5 minutes, and return periods of 2, 5,
10, 25, 50 and 100 years; imean (Mm h'l) and var are,
respectively, the mean and the variance of maximum
annual rainfall intensity for the entire series records in the
rainfall gauge for each duration period and return periods;
and Rp (years) is the return period.

The IFD curves were adjusted based on the simu-
lated series of probability distribution based on inverse of
Gumbel model for the maximum rainfall intensity, con-
sidering rainfall duration of 1440, 720, 600, 480, 360, 60,
30, 25, 20, 15, 10 and 5 minutes, and return periods of 2,
5, 10, 25, 50 and 100 years, using Eq. (2). The K, a, b and
¢ parameters were adjusted for the IFD probabilistic
model using the minimum squares method.

) K Rp®
ImaxS = (t+b)C’ (2)

where: ipaxs (mm h™') is the maximum rainfall intensity
simulated (mm h™"); Rp is the return period (years); t is the
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period of rainfall duration (minutes), and K, a, b and c are
adjusted parameters for each rainfall gauge.

The results for IFD curves were compared against
observed maximum rainfall intensity to analyze their per-
formance. The statistical indexes used to analyze the
model performance were: mean absolute error (MAE),
root mean square error (RMSE), determination coefficient
(r?) and Willmott coefficient (d).

2.5. Erosion risk analysis

Erosivity and erodibility indexes were used to iden-
tify the most vulnerable agricultural areas to erosion and
water losses, based on the Universal Soil Loss
Equation (Nearing et al., 2017). The erosivity was quanti-
fied based on the maximum 30 minutes rainfall intensity,
using the Gumbel model with parameters adjusted for
each rainfall gauge for the return period of 2, 5, 10, 25, 50
and 100 years. The maximum rainfall 30 minutes intensity
was used due to better correlation with soil losses for a
single rainfall event (Wischmeier et al., 1958; Zheng and
Chen, 2015). The erodibility value was obtained based on
the soil type (IBGE, 2012) and the soil texture (RADAM,
1974), following Wanielista (1978), and the risk level, fol-
lowing Jones et al. (1996). The others parameters of Uni-
versal Soil Loss Equation were not included in the
analysis due to limitation of information to compute the
risk of erosion.

3. Results and Discussions

3.1. IFD curves model

The maximum rainfall intensity distribution was
adjusted using the Gumbel probabilistic model, which had
the best fit between pre-tested models. Gumbel probabi-
listic model is the most widely used for rainfall intensity-
duration-frequency relationship (Koutsoyiannis et al.,
1998; Beskow et al., 2015). The model was used to
describe the maximum rainfall distribution in different
sites around world, as in Saudi Arabia (Elsebaie, 2012),
Israel (Ben-Zvi, 2009) and south of Brazil (Cardoso et al.,
2014).

The IFD model had r> and d coefficients above
0.9798, with the highest mean absolute error (MAE) and
root mean square error (RMSE), respectively, of 8.15 mm
h™' and 10.41 mm h' in the site of Barreiras (Data not
showed), which was the longest rainfall gauge records (65
years), when compared observed and simulated values.
The model efficiency was kept in Colinas, which had only
15 years of full rainfall records (Data not showed). In this
site, the r* and d coefficients were above 0.9830, with the
highest MAE and RMSE, respectively, of 8.77 mm h™' and
11.19 mm h™'. The good fit also was observed for the other
rainfall gauges used in the study (Data not showed).
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3.2. IFD model parameters

The IFD model was adjusted based on the K, a, b
and ¢ parameters for the rainfall gauges to estimate rainfall
intensity in different return periods and rainfall duration.
The K, a, b, and ¢ parameters were adjusted for each rain-
fall gauge in the states of Tocantins (Table 1), Maranhdo
(Table 2), Piaui (Table 3) and Bahia (Table 4). The b and ¢
were parameters stable between the analyzed sites, where
b ranged between 9.760 and 10.514, and ¢ between 0.725
and 0.745. The parameters b and c lead a reduction of
rainfall intensity when theirs values were higher.

The K and a parameters had higher variation
between the rainfall gauges (Table 1, 2, 3 and 4), where
higher values for these parameters increased rainfall
intensity. The K parameter ranged between 552 and 1169,
occurring, respectively, in the rainfall gauge of Matina,
Babhia state (Table 4), and Vereda Grande, Maranhdo state
(Table 2). The parameter a varied between 0.10, for the
rainfall gauge of Ibipira, Maranhdo state (Table 2) and Sao
Sebastido do Tocantinas, Tocantins state (Table 1), and
0.26, in Eliseu Martins, Piaui state (Table 3).

3.3. Rainfall intensity

The sites of Barreiras and Colinas were used as a
case of study, due to be the longest and shortest rainfall
records, respectively, of 65 and 15 years. The rainfall
intensity was 59 and 120 mm h™' in 30 minutes in Bar-
reiras, respectively, for return period of 2 and 100 years
(Fig. 2a). In Colinas, the rainfall intensity was higher,
being 69 and 134 mm h™' in 30 minutes, respectively, for
return period of 2 and 100 years. In the south of Brazil,
Cardozo et al. (2014) observed lower maximum rainfall
intensity, being of 47 mm h™' in 30 minutes for return pe-
riod of 2 years. Longer return periods increased rainfall
intensity (Figs. 2-3), as observed by other authors (Else-
baie, 2012; Cardoso et al., 2014; Tfwala et al., 2017).

Rainfall intensity was 310 and 347 mm h™', respec-
tively, for Barreiras and Colinas, for a rainfall of 1 minute
and return period of 100 years (Fig. 2). Otherwise, rainfall

Table 1 - Parameters values obtained for estimate rainfall intensity-fre-
quency-duration curves for cities in Tocantins state

Cities Rainfall gauges Parameters

k a b c
Araguatins Araguatins 1037 0.140 9.790 0.730
Campos Lindos Campos Lindos 873  0.150 9.800 0.730
Goiatins Goiatins 850 0.120 9.800 0.730
Rio Sono Mansinha 1005 0.150 9.790 0.730
Sao Felix Sao Felix 757  0.160 9.790 0.730

S. S. do Tocantins ~ S. S. do Tocantins 951  0.100 9.800 0.730
Tocantin6polis 965 0.140 9.790 0.730
Tupiratins 912 0.160 9.790 0.730

Tocantindpolis

Tupiratins

intensity dropped to 9 and 10 mm h™', respectively, for
Barreiras and Colinas, when the rainfall had a duration of
24 hours. The reduction of rainfall intensity with longer
raining period is an expected tendency, but the intensity
was related with local climate (Elsebaie, 2012; Cardoso et
al.,2014; Tfwala et al., 2017). For example, Elsebaie ef al.
(2012) observed maximum rainfall intensity reducing
from 38 mm h™! in 10 minutes, to 1.74 mm h™! in 24 hours,
for return period of two years in Najran region, Saudi
Arabia.

Table 2 - Parameters values obtained for estimate rainfall intensity-fre-
quency-duration curves for cities in Maranhao state

Cities Rainfall gauges Parameters
k a b c
Balsas Amaro Leite 886 0.190 9.790 0.730
Balsas | 914 0.210 9.790 0.730
Balsas 11 840 0.170 9.760 0.730
Balsas 11 963  0.160 9.790 0.730
B. Com. Boto 810 0.130 9.790 0.730
Brejo Comprido 942 0.150 9.800 0.730
Croata 801 0.150 9.800 0.730
Ouro 739 0.150 9.800 0.730
Rio Verde 800 0.160 9.790 0.730
S. Félix de Balsas 780 0.140 9.790 0.730
Loreto Loreto 736 0.163 9.791 0.725
Mato Grosso 815 0.139 9.790 0.725
Benedito Leite Sao Domingos 661 0.150 9.790 0.730
Carolina Carolina I 891 0.130  9.790 0.730
Carolina IT 901 0.170 9.790 0.730
Faz. dos Angicos 946  0.140 9.790 0.730
Helenopolis 854 0.145 9.790 0.725
Colinas Colinas I 901 0.171 9.788 0.725
Colinas IT 855 0.152 9.791 0.725
Colinas III 869 0.161 9.795 0.725
Bardo de Grajai ~ Barfo de Grajau 818 0.150 9.790 0.730
Lages 887 0.150 9.790 0.730
Morro Vermelho 767 0.160 9.800 0.730
Nova lorque Nova lorque 11 916 0.150 9.790 0.730
Mirador Campo Largo | 898 0.124 9.787 0.725
Campo Largo II 922 0.170 9.782 0.725
Ibipira 911 0.101 9.790 0.725
José Miguel 809 0.120 9.790 0.730
Mirador I 748 0.140 9.790 0.730
Mirador II 809 0.150 9.790 0.730

Passagem Franca  Passagem Franca 868 0.170 9.790 0.730
Vereda Grande 1169 0.190 9.790 0.730

Porto Franco Sao Pedro 684 0.210 9.800 0.730
Riagdo Coqueiro 845 0.120 9.790 0.730
Sambaiba Sambaiba 805 0.150 9.790 0.730
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Table 3 - Parameters values obtained for estimate rainfall intensity-fre-
quency-duration curves for cities in Piaui state
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Table 4 - Parameters values obtained for estimate rainfall intensity-fre-
quency-duration curves for cities in Bahia state

Cities Rainfall gauges Parameters Cities Rainfall gauges Parameters
k a b c k a b c
Avelino Lopes Avelino Lopes 668 0.175 9.797 0.725 Santana Campinas 684 0.159  9.792  0.725
Vereda da Mata 703 0.141 9.787 0.725 Faz. Baixa Funda 796  0.117 9.792  0.725
Bom Jesus Barra verde 664 0.246 9.797 0.725 Faz. Mogo 626 0.175 9.792  0.725
Bom Jesus 720 0.198 9.794 0.725 Faz. Tabuinha 704 0.171 10.514 0.745
Conceigio 611 0219 9.792 0.725 Jaguara 761 0.157  9.798 0.725
Corrente Barra 580 0.209 9.798 0.725 Matina 552 0.154  9.792  0.725
Caxingo 751 0.135 9.788 0.725 Porto Novo 629 0.198  9.793 0.725
Corrente 825 0.166 9.795 0.725 Porto Novo II 688 0.158  9.793 0.725
Jenipapeiro 808 0.182 9.793 0.725 Angical Angical 739 0.166 9.792  0.725
Cris.do Piaui Cristalandia do Piaui 826 0.162 9.792 0.725 Brejolandia Brejolandia 707  0.159 9.791 0.725
Cristino Castro Japecanga 627 0.178 9.793 0.725 Trés Morros 696 0.153 9.790  0.725
Lagoa Grande 556 0.226 9.792 0.725 Serra Dourada  Serra Dourada 782 0.146 9.790  0.725
Eliseu Martins Chupeiro 842 0.192 9.789 0.725 Sdo Desidério  Decoral 774 0.129 9.795 0.725
Eliseu Martins 981 0.261 9.792 0.725 Sitio Grande 783 0.134  9.793 0.725
Pucal 737 0.148 9.848 0.726 Faz. Coqueiro 868 0.156 9.797  0.725
Landri Sales Cascavel 780 0.142 9.796 0.725 Barreiras Barreiras 769 0.178 9.790  0.725
Landri Sales 1067 0.161 9.793 0.725 Faz. Joha 765 0.139  9.802 0.725
Barreiras do Piuai Barreiras do Piuai 841 0.159 9.794 0.725 Faz. Redengdo 804 0.159 9.790 0.725
Monte Alegre Brejo 554 0.189 9.937 0.729 V. N. Montante 725 0120  9.790 0.730
Vereda da Gloria 800 0.152 9.788 0.725 Ponte Serafim 819 0.191 9.791 0.725
Parnagua Barreiros 751 0.133  9.790 0.725 Santa Helena 712 0.169 9.791 0.725
Parnagua 706 0.156 9.795 0.725 Cocos Cocos 740 0.182  9.797 0.725
Urugui Puca Il 754 0.160 9.800 0.730 Faz. Porto Alegre 786 0.148  9.798 0.725
Sangue 872 0.160 9.790 0.730 Colonia do Formoso 797  0.166 9.789  0.725
Tucuns 799  0.160 9.790 0.730 Correntina Arrojolandia 786  0.148 9.798  0.725
Urucui 790  0.200 9.799 0.725 Correntina I 751 0152 9.791 0.725
Correntina II 786 0.148  9.798 0.725
Faz. Planalto 774 0.168  9.791 0.725
The most rainfall gauges had a rainfall intensity Faz. Prainha 755 0.163  9.797 0.725
between 51 and 80 mm h™', when considered return period Sio Manuel 737 0137 9791  0.725
of 2 years, with only two _s]ites .With rainfall intensity Arrojado 286 0148 6798 0725
between 81 and 120 mm h™ (Fig. 3a). There was an

increase of sites with rainfall intensity between 81 and .. dos Gatos | 722 0150 9.793 0725
120 mm h™', from 2, for return period of 2 years, to 13, for 8. 8. dos Gatos IT 659 0170  9.793 0725
return period of 5 years (Fig. 3b). The rainfall intensity Coribe Coribe 612 0172 9.794  0.725
between 121 and 160 mm h™! had the first occurrence for Cristopolis Buritizinho 694 0.156  9.789 0.725
return periods of 10 years in the northeast of the regions, Catolandia Catolandia 841 0.142  9.798 0.725

with a total of two sites (Fig. 3c).

The most sites had rainfall intensity between 81 and
120 mm h™' for return periods of 25 years (Fig. 3d). The
rainfall intensity below 80 mm h™' occurred only in three
sites for return periods of 50 years, with most sites with
rainfall intensity between 81 and 120 mm h'. The first
occurrence of rainfall intensity above 160 mm h™' occur-
red in the return periods of 50 years in two sites in the
northeast of the study regions (Fig. 3d). For return periods
of 100 years, it was observed an increase of sites with

rainfall intensity between 121 and 160 mm h™' in relation
to return periods of 50 years, mainly in the central-north
(Fig. 3f).

In the central-north of MATOPIBA, the Intertropical
Convergence Zone contributes for the highest rainfall
intensity. The position of this convergence zone is affect
by sea surface temperature in North and South Atlantic
Sea. When the zone is under MATOPIBA, the rainfall is
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Figure 2 - Simulated rainfall intensity for return periods of 2 (a), 5 (b), 10 (c), 25 (d), 50 (e) and 100 (f) years and raining period between 1 and 1440
minutes by Gumbel model in Barreiras (a) and Colinas (b).
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Figure 3 - Simulated 30 minutes rainfall intensity for return periods of 2 (a), 5 (b), 10 (c), 25 (d), 50 (e) and 100 (f) years and the soils types in the
MATOPIBA region. Adapted from IBGE (2012).

increase by convective of frontal systems originated from region associated with anti-cyclones (Molion and Ber-
south and north hemisphere (Namias, 1972b; Kousky, nardo, 2002). Otherwise, in the central-south of the
1979), and convective complex formed in the African MATOPIBA, the rainfall intensity is affected by frontal
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systems remained between 5° S and 18° S and local con-
vective (Oliveira, 1986), leading for lower rainfall
intensity.

3.4. Erosion risk by erosivity and erodibility

The rainfall intensity of 50 mm h™' occurred in the
most rainfall gauges of MATOPIBA, when considered
return periods of 2 year (Fig. 3). Nearing et al. (2017)
observed that the maximum energy for erosivity was
reached when rainfall intensity was between 50 and
75 mm h™', considering the methodologies of Universal
Soil Loss Equation (USLE), Revised Universal Soil Loss
Equation (RUSLE) and RUSLE 2. These conditions
showed that, even under a low return period of two year,
there was an event of maximum rainfall intensity that
result in the maximum erosivity energy to cause soil
erosion.

In the MATOPIBA, the main soil type were Ferral-
sols, Arenosol and Leptosols (Fig. 3). Ferralsols showed a
mean (minimum-maximum) texture of 11% (1-37), 32%
(6-82), 57% (5-90) and 1.09% (0.03-5.05), respectively,
for silt, clay, sandy and organic matter content. These con-
ditions lead an erodibility factor of 0.35 (Wanielista,
1978), classified as moderate risk (Jones et al., 1996).
Leptosols also showed a moderate risk, with a mean tex-
ture of 30% (4-52), 22% (1-47), 48% (17-91) and 2.43%
(0.16-6.12), respectively, for silt, clay, sandy and organic
matter content. Arenosols had a low risk, due to higher
sand content of 87% (71-99), and low content of silt and
clay, respectively, of 6% (1-17) and 7% (0-18), although
low organic matter content of 0.71% (0.02-5.55).

The erosivity showed higher potential for erosion, as
well as, the moderate erodibility for areas with Ferralsols
and Leptosols. This demonstrates the importance to reduce
the risk of other compements from the Universal Soil Loss
Equation. The Universal Soil Loss Equation consider the
erosivity, erodibility, slope steepness and length, land use
and cropping management, and control erosion practices
(Nearing et al., 2017). In these factors, the land use, crop-
ping management and control practice are possible to be
change to reduce erosion risk. The practices of zero til-
lage, mulching of crop residues and intercropping (Ward
et al., 2018), construction of drains and culverts, contour
drains and sowing, vegetation buffer, tree planting and
land uses adequacy (Zwirtes et al., 2013; Fernandez,
2017) can be highlighted.

4. Conclusion

The maximum rainfall intensity was efficiently
adjusted using the Gumbel probabilistic model for all
rainfall gauges. Based on the Gumbel distribution model,
the rainfall intensity-duration-frequency model had the
parameters adjusted to estimate rainfall intensity for dif-
ferent duration and return period. The maximum rainfall
intensity in 30 minutes for two year of return period
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showed a huge capacity to cause erosion, based on the
maximum energy from erosivity. The erodibility risk was
classified as moderate for Ferralsols and Leptosols, and
low for Arenosols. The description of the maximum rain-
fall patterns through intensity-duration-frequency rela-
tionships can be used to dimension the size of the structure
in agriculture areas and to adequate the land use, cropping
management and control practice to reduce erosion, water
losses and the vulnerability in rural areas.
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