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Assessing rainfall erosivity in a tropical region using free software 

Thamiris Fontoura de Araujo1; Jullian Souza Sone2; Teodorico Alves Sobrinho3; and Paulo Tarso 
Sanches de Oliveira3 

ABSTRACT – The Rainfall Intensity Summarization Tool (RIST) was developed to facilitate rainfall 
erosivity analysis, since 20-year data series is recommended to estimate R-factor. RIST has easy 
applicability and provides faster results, mainly when long time historical data are needed, besides 
that, the software offer options to optimize time, separating automatically erosive events from 
precipitation data. However, there are few investigations using this tool and high resolution data in 
tropical regions. Here, we show an application of RIST to a rural basin located in the Midwestern 
Brazil. To evaluate the program performance, we used rainfall data from 2012 to 2017. We analysed 
the software outputs: kinetic energy, total precipitation, maximum intensity and Rainfall Erosivity 
Index (EI30) in each erosive event. We find a R-factor of 8,548.34±2,806.23 MJ mm ha-¹ h-¹ yr-¹, with 
the highest values observed from October to March. The RIST program is a useful tool for 
automatically separating the erosive events to estimate the rainfall kinetic energy in tropical 
regions. Therefore, this tool has potential to contribute on the rainfall analysis supporting decision-
making in agriculture such as planning best periods for seeding and harvesting. 
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1 - INTRODUCTION 

Soil erosion is one of the most important environmental problems, commonly associated with 

the reduction of rivers gutters and reservoirs lifetime and soil degradation in agricultural areas. 

Heavy rainfall and extreme events are of major importance for water security, economy and society. 

To assess the risk of soil erosion and determining the appropriate soil use and management, soil 

loss prediction is required (OLIVEIRA et al., 2011). Kinetic Energy (KE) is widely used as an indicator 

of the rainfall ability to detach soil and used to estimate the rainfall erosivity (R), the main driver of 

soil erosion (PRUSKI; NEARING, 2002).  

In the 30s, one of the largest environmental disasters in the United States, The Dust Bowl, 

occurred caused by bad agricultural practices and drought period. Then Hugh Bennett, father of soil 

conservation, contributed to research in partnership with the government and claimed that soil 

degradation threatened the country's public and political security (BENNETT; CHAPLINE, 1928). 

Thus, work was carried out under natural and simulated rainfall resulting in the development of the 

Universal Soil Loss Equation - USLE (WISCHIMEIER; SMITH, 1965, 1978). In 1997, data collection 

under new management conditions and the technology advancement, the Revised Universal Soil 

Loss Equation - RUSLE (Agriculture Handbook No. 703) (RENARD et al., 1994) was proposed with 

new technologies to evaluate each factor and new data has been added.  

As Brazil has continental proportions, the rainfall distribution varies widely in intensity and in 

rain period needing local studies to evaluate the influence of each rain event on EI30. Brazil presents 

from 400 mm to 4000 mm of rainfall per year characterizing higher erosive potential (ALMAGRO et 

al, 2017); consequently, soil erosion has been proved to be most sensitive to rainfall (Panagos et al., 

2011). RIST – Intensity Summarization Tool (USDA, 2013) can reduce time for the analysis of 

precipitation data; It was developed in 2016 to improve the efficiency of the runoff, erosion, and 

water output files with the Revised Universal Soil Loss Equation (RUSLE), Water Erosion Prediction 

Project (WEPP), Soil and Water Assessment Tool (SWAT) and Annualized Agricultural Non-Point 

Source Pollution (AnnAGNPS) models. The RIST software facilitates the calculation of the kinetic 

energy and rainfall intensity using real and local data. However, there are few investigations using 

this tool in tropical regions. 

    Erosivity studies in Brazil are compromised by the diverse adaptations of non-local values in 

the study areas highlighting the need for research and construction of homogeneous and consistent 

databases. Brazil has great variability in climate and rainfall regimes and has one of the highest 

erosivity rates in South America (PANAGOS et al., 2017), so the need for studies in this area becomes 

more relevant. Therefore, we aim to use the RIST program to assist in estimating local erosivity. 
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2 - MATERIALS AND METHODS 

2.1 - Study Area 

The study was carried out in the Guariroba River Basin (total area of 36,190 ha), located in the 

municipality of Campo Grande, MS, Brazil (Figure 1). According to the Köppen climate classification 

system, the climate in this area is Am, humid tropical, with a dry winter (April through September) 

and a hot and rainy summer (October through March). The average annual temperature and 

precipitation are 23.3°C and 1400 mm, respectively. Further, the rainfall events are mostly 

generated by convection, causing storms with high intensity according to Vale Junior, Rodrigues and 

Oliveira (2018). 

 

Figure 1 – Guariroba River Basin. 

2.2 - Rainfall Erosivity Index (EI30) 

The temporal variability of rainfall events requires the use of automatic equipment, for 

example, rain gauges to measure precipitation intensities. Tipping bucket rain gauges with data 

logger for recording data were conveniently distributed in the basin and monitored rainfall events 

from 2011 to 2017. The rain gauges recorded data every 25 mm of rainfall. Nevertheless, one 

recording rain gauge (G) was used in this work (Figure 1) as the others presented several data gaps 

due to mechanical failure.  
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Rainfall events were automatically divided into erosive and non-erosive, by using RIST, for the 

calculation of the Kinetic Energy (KE) of the rain and the maximum intensity in 30 minutes. Erosive 

events are those which rainfall amount is more than 10 mm or more than 6 mm in 15 minutes; 

rainfall that occurs in an interval up to 6 hours are considered as one single event. There is no need 

to manually separate the erosive events as you can configure the program to automatically consider 

the erosive events while it estimates the EI30 (Figure 2). Moreover, you can choose the kinetic energy 

equation that represents your study area. 

 

Figure 2 – RUSLE output options 

We used RIST (USDA, 2013) to estimate the Erosivity Index (EI30) (WISCHMEIER, 1959) as 

follows 

𝐸𝐼30 = (∑ 𝑒𝑟𝑣𝑟
0
𝑟=1 ) ∗ 𝐼30         (1) 

where I30 is the maximum rainfall intensity over a 30-minute period of the rainfall event (mm h-1), 

er represents rainfall energy per unit depth of rainfall in MJ ha-1 mm-1 and vr is the volume of rainfall 

(mm) during a given time interval (r) For each time interval, er is calculated by equation (2) 

(WISCHMEIER; SMITH, 1978) as: 

𝑒𝑟 = 0,119 + 0,0873 log10 i          (2) 

where er is the unitary kinetic energy (MJ ha−1 mm−1) and ir represents the segments of rainfall 

intensity (mm h−1). 
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2.3 -  Rainfall Intensity Summarization Tool (RIST) 

We used RIST to estimate the kinetic energy of rainfall using data from the Guariroba River 

Basin. We used Squitter rain gauges (model S2174) with a data resolution of 0.25 mm precipitation. 

To use RIST, we needed to set up rainfall data to input them to the software. The file must be in text 

format or CSV containing the following information: hour, minute, second, day, month, year, and 

gauge tips; It is important to separate them using ‘Tab’ to avoid issues using the program. 

 

Figure 3 – Data order in text format. 

First, we set a new gauge as delimited naming each field specifying hour, minute, second, day, 

month, year, and gauge identification, according to data order (Figure 4). Another available option 

is fixed-format data, which is used with text files when data are not separated by delimited spaces 

such as columns. When using fixed-format data, it is necessary to specify the beginning column and 

the number of columns of each parameter in the file; otherwise, any column in the input file that is 

not specified will be skipped. 

 

Figure 4 – Inputting files scheme. 

Input and output files must be in metric or English unit format as required by each model. In 

“gauge tip value”, we set 0.25 mm per tipping as rain gauges we used to record rainfall data. We 

also set value represented by gauge data as total accumulated precipitation. There are other options 

that fit different situations depending on how data are compiled and what type of equipment was 

used: cumulative number of tips or precipitation during the interval as in Figure 5. 



   

 

XIII Encontro Nacional de Engenharia de Sedimentos 
I Partículas nas Américas 

 

6 

Figure 5 – Setting data scheme. 

In our study, we used the RUSLE model (Figure 6), but, in ‘Output options’, the results format 

follow the models’ requirement as RUSLE, WEPP, SWAT, and AnnAGNPS.  The results are separated 

by date (Month/ Day/ Year), precipitation amount in each erosive event, duration of each event, 

maximum intensity in 5, 10, 15, 30, and 60 minutes, the Kinetic Energy, and EI30. 

 
Figure 6 – Processing scheme. 

3 - RESULTS AND DISCUSSION 

The output file was generated as in Figure 7. These results are separated in erosive events, 

date, precipitation, duration, rainfall kinetic energy and rainfall intensities in 5, 10, 15, 30, and 60 

minutes. The last column is the EI30. To estimate R-factor, it is necessary to sum EI30 in a year. 

 

Figure 7 – Results format. 
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The sum of EI30 results in each year gave us the value of yearly R-factor; thus, we calculated 

the mean R-factor. In this study, we found an R-factor of 8,548.34±2,806.23 MJ mm ha-¹ h-¹ yr-¹ 

corroborating Oliveira et al. (2011) and Panagos (2017). The rainfall distribution and its annual 

variation are not uniform throughout the basin explaining how they affected the standard deviation, 

mainly, in 2017 that presented lower EI30 when compared to the other years (Table 1). 

Table 1 - Results of R-factor 

RUSLE R-FACTOR (MJ mm ha-¹ h-¹ yr-¹) 
  

2012 2013 2014 2015 2016 2017 
Mean R-

factor 
Standard 
Deviation 

G 10,879.43 10,907.06 7,959.61 10,588.69 7,060.21 3,895.06 8,548.34 2,806.23 

 

The Rainfall Erosivity factor as predicted by USLE is an average annual sum from a 20-year data 

series, as recommended by Renard et al. (1994). Thus, seasonal variability becomes more evident 

as we use shorter data series; global phenomena as La Niña and El Niño can play a key role in 

changing the rainfall pattern and distribution over some parts of Brazil as well. Therefore, these 

results remind us of the importance of having historical data series for estimating the USLE R-factor. 

4 - CONCLUSION 

Results presented by the RIST tool are consistent when compared to the computed R-factor 

values from previous studies. This tool is an efficient alternative to estimate the rainfall erosivity, 

mainly when a long time series are available. The equations options available in the RIST can be 

modified depending on the region where it will be applied, supporting agricultural planning and 

rainfall event analysis. Furthermore, this tool has the potential to contribute to decisions 

stakeholders make to address economic, environmental, and social issues. We also highlight the 

importance of future research on that topic using this tool presented due to its advantage of 

separating erosive events and calculating the EI30 of historical rainfall data. 
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