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SUMMARY

Knowledge on the factors influencing water erosion is fundamental for the
choice of the best land use practices.  Rainfall, expressed by rainfall erosivity, is
one of the most important factors of water erosion.  The objective of this study was
to determine rainfall erosivity and the return period of rainfall in the Coastal Plains
region, near Aracruz, a town in the state of Espírito Santo, Brazil, based on available
data.  Rainfall erosivity was calculated based on historic rainfall data, collected
from January 1998 to July 2004 at 5 min intervals, by automatic weather stations
of the Aracruz Cellulose S.A company.  A linear regression with individual rainfall
and erosivity data was fit to obtain an equation that allowed data extrapolation to
calculate individual erosivity for a 30-year period.  Based on this data the annual
average rainfall erosivity in Aracruz was 8,536 MJ mm ha-1 h-1 yr-1.  Of the total
annual rainfall erosivity 85 % was observed in the most critical period October to
March.  Annual erosive rains accounted for 38 % of the events causing erosion,
although the runoff volume represented 88 % of the total.  The annual average
rainfall erosivity return period was estimated to be 3.4 years.

Index terms: kinetic energy, R-factor, USLE, recurrence interval, probability of
occurrence.
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RESUMO:        EROSIVIDADE DA CHUVA E TEMPO DE RETORNO NA BACIA
EXPERIMENTAL DA ARACRUZ, REGIÃO DOS TABULEIROS
COSTEIROS BRASILEIROS

O conhecimento dos fatores que influenciam a erosão hídrica é de fundamental importância
no planejamento do uso do solo.  Dos fatores que alteram a erosão, a precipitação pluvial,
expressa pela erosividade da chuva, é um dos mais importantes.  Assim, o objetivo deste estudo
foi determinar a erosividade e o tempo de retorno para a região dos Tabuleiros Costeiros, no
município de Aracruz, ES.  Para o cálculo da erosividade, foram utilizados dados
pluviométricos de janeiro de 1998 a julho de 2004, obtidos em estações climatológicas
automatizadas, localizadas em área experimental da Aracruz Celulose AS, que, para este
estudo, geraram dados de 5 em 5 min.  A análise de regressão linear entre precipitação pluvial
e erosidade para esse período permitiu obter uma equação, a qual foi usada para estimar os
valores de erosidade para uma série histórica de 30 anos.  A erosividade média anual foi de
8.536 MJ mm ha-1 h-1 ano-1.  O período crítico em relação à erosão hídrica foi entre os meses de
outubro e março.  As chuvas erosivas representaram 38 %, mas, em volume, isso representou
88 % do total precipitado por ano.  O período de retorno para o valor médio de erosividade foi
estimado em 3,4 anos.

Termos de indexação: energia cinética, fator R, USLE, intervalo de recorrência, probabilidade
de ocorrência.

INTRODUCTION

Rainfall erosivity is the most important factor
involved in soil erosion caused by water.  Rainfall
erosivity is represented by the R factor in the
Universal Soil Loss Equation (USLE) and it is
expressed by EI30 parameter.  This represents the
product of the raindrop impact kinetic energy (E) and
maximum 30 min rainfall intensity (I30) (Wischmeier
& Smith, 1978).  The relationship of rainfall intensity
and raindrop size distribution is the basis for the
equations originally proposed by Wischmeier & Smith
(1958).  This ratio indicates the erosive effect of
raindrop impact and runoff (Lal, 1988).

The EI30 parameter has been widely used by several
Brazilian researchers to express rainfall erosivity.
Results have shown good correlations with soil losses.
Natural rainfall has significant variability according
to the large local variations in physical characteristics.

In several regions in Brazil values of rainfall
erosivity were found within the range of 5,000 to
12,000 MJ mm ha-1 h-1 yr-1 (Cogo, 1988).  The
following authors have reported rainfall erosivity for
a number of regions in Brazil: Dedecek (1978), Val et
al. (1986), Carvalho et al. (1989), Morais et al. (1991),
Campos Filho et al. (1992), Lopes & Brito (1993), Silva
et al. (1997), Marques et al. (1998), Roque et al. (2001),
Bertol et al. (2002), Colodro et al. (2002), Silva & Dias
(2003), Aquino (2005), Bazzano et al. (2007), Mello et
al. (2007), Hickmann et al. (2008) and Silva et al.
(2009).  Rainfall events are random and hard to predict
in advance, and statistics have been used as a means
of analyzing rainfall data (Tucci, 2007).  In this
context, knowledge about rainfall erosivity is very

important, for example, to avoid high soil losses and
damage in agricultural production systems.

The rainfall event with maximum erosivity can
be estimated by analyzing the event frequency of
return periods.  The return period or recurrence
interval is defined as a statistical measure
representing the average recurrence interval over an
extended period of time, measured in years, or the
expected frequency of a given event to happen at a
particular site (Unger, 2006; Tucci, 2007).
Calculations of return periods are used to design
various erosion control and water conservation
structures and practices (e.g., terraces, waterways,
and ponds).  Consequently, rainfall frequency and risk
should be taken into consideration in order to design
the most adequate water control practices (Bazzano
et al., 2007).

In the land management for agricultural purposes
the potential of rainfall erosion should be taken into
account.  The purpose of this study was to evaluate
rainfall erosivity under natural rain and the rainfall
erosivity return periods in the Aracruz Experimental
Watershed, in the Coastal Plain of Espirito Santo state,
Brazil.

MATERIALS AND METHODS

Study area

Rainfall data were collected in an experimental
watershed in the area of the company Aracruz
Cellulose S.A., Aracruz, Espirito Santo state, Brazil
(19 ° 35 ’ to 20 ° 15 ’ S; 40 ° 00 ’ to 40 ° 20 ’ W; 40 m
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above sea level.  According to Köppen´s classification,
the regional climate is Aw (tropical with wet summer
and dry winter) and the annual precipitation
1,400 mm; in one or two months precipitation is
< 60 mm.  Spring and summer account for 65–75 %
of the total precipitation (Embrapa, 2000).  The
watershed has a drainage area of 286 ha, 190 ha of
which are eucalyptus plantations, 86 ha are native
forest (Atlantic Forest) and the remaining 10 ha are
forest roads.

Rainfall data analyses

Rainfall data were recorded every 5 min from
January 1998 to July 2004.  Only rainfall events
> 10 mm, with maximum intensity > 24 mm h-1

within 15 min, or kinetic energy > 3.6 MJ were used
in this study to calculate the rainfall erosivity
parameter.  Long rainfall events were distinguished
from one to another if there was a 6 h period between
them with < 1 mm of precipitation.  Kinetic energy
was computed for all rain events using the equation
of Wischmeier & Smith (1958):

E = 0.199 + 0.0873LogI (1)

where: E is kinetic energy (MJ ha-1 mm-1), and I is
rainfall intensity (mm h-1).

The EI30 parameter for a specific event was
calculated as the product of total kinetic energy (E)
and the maximum 30 min intensity (I30), according
to Wischmeier & Smith (1958).  Monthly values were
determined as the sum of the individual events
determined EI30 parameter (MJ mm ha-1 h-1), and
annual values were determined in the same manner.

A linear regression between individual rainfall and
rainfall erosivity (measured data) was fit in order to
obtain an equation that allows estimating individual
rainfall erosivity for a historical period of 30 years
(1968–1997).  To obtain annual rainfall erosivity values
for this period, historical rainfall erosivity was based
on measured data (1998-2004).

Return period determination

The theoretical return period is the inverse of the
probability that the event will be exceeded in any given
year.  The return period and the probability for the
annual rainfall erosivity data (1968 - 2004) were
obtained using the following equation (Schwab et al.,
1981).

P = 100/T (2)

T = (N + 1)/m (3)

where: P is the probability of occurrence of rainfall
erosivity parameter, in %; T is the return period, in
years, which the rainfall erosivity parameter will be
equaled or exceeded; N is the number of years on
record; and m is the rank of the event being considered.

RESULTS AND DISCUSSION

Rainfall amount and distribution

The total number of 1,048 rainfall events was
studied, of which only 38 % were erosive (Figure 1a).
The majority of erosive events occurred in the period
from October to March (Figure 1b); hence, special
attention must be paid to soil protection during this
period.  The average rainfall in this period was
1,189 mm and erosive rainfalls accounted for
1,041 mm (Figure 1b).  This shows that most of the
rain is concentrated in few rainfall events (38 %).
Other scientists (Eltz, 1977; Bertol, 1993; Schick,
1999; Beutler, 2000; Hickmann et al., 2008) found
the same trend in other regions of Brazil.  These results
also agree with Hudson (1995), who showed that about
40 % of the total rainfall events in the tropics are
erosive.

Rainfall erosivity

The average monthly values ranged from 88 to
2,416 MJ mm ha-1 h-1.  The monthly erosive value
was lowest in May and highest in March (Figure 2a).
In December the rainfall erosivity value in Aracruz

Figure 1. Number of rainfalls (a), and volume of
erosive and non-erosive rainfall events; rainfall
events > 10 mm, with maximum intensity
> 24 mm h-1 within 15 min, or kinetic energy
> 3.6 MJ were considered erosive (b).
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was greatest.  However, there was a large rainfall
event (230 mm) in March 2004 with a rainfall erosivity
value of 9,552 MJ mm ha-1 h-1.  Thus, the rainfall
erosivity value of this month was 12,540 MJ mm ha-1

h-1, exceeding the monthly average.  The rainfall
erosivity of this extreme event was much greater than
the annual average before 2004 (6,499 MJ mm ha-1 h-1

yr-1) and was not typical of the region.

On average, the period from October to March
accounted for 85 % of total rainfall erosivity.  This
can be observed as a steep increase in figure 2b.  This
percentage was also found by Bazzano et al. (2007), in
Quaraí, RS.  These facts show that the occurrence of
highly erosive rainfall is concentrated and causes more
soil erosion during only that portion of the year.
During the fall and winter seasons rainfall events
decrease and so do the rainfall erosivity values.

Rufino (1986) considered rainfall erosivity values
> 500 MJ mm ha-1 h-1 month-1 critical.  In this
research, the rainfall erosivity values exceeded this
limit in several months.  Therefore, the best
management practice should be established in the
study region to prevent erosion prior to this time.  A
best management practice should be able to prevent
soil erosion during these extreme rainfall events.  In
addition, knowing the times of the year when erosion

risks are more immediate is very helpful for planning
conservation activities and land preparation.

Annual rainfall values ranged from 787 to
1,341 mm, annual rainfall erosivity values were
between 4,536 and 17,056 MJ mm ha-1 h-1 yr-1

(Table 1).  The greatest rainfall erosivity value
corresponds to the period between January and May
2004.  The lack of information does not allow the
determination of a total rainfall erosivity value for
2004, but the conclusion can be drawn that it would
be much greater than in other years since rainfall
erosivity values were always higher in December.

Due to the gap in the 2004 values, the total annual
value could not be calculated for such year. Then, the
monthly average values were summed to obtain the
average rainfall erosivity, being equal to
8,536 MJ mm ha-1 h-1 yr-1 (Table 1).  This value is
quite different from that presented in the rainfall
erosivity map of Brazil by Silva (2004), where the
rainfall erosivity values of Espírito Santo state vary
from 4,000 to 6,000 MJ mm ha-1 h-1 yr-1.  The reason
for this discrepancy may that the author used only
eight equations to estimate and construct the Brazilian
rainfall erosivity map.

The R-factor found in this research (8,536 MJ mm
ha-1 h-1 yr-1) is close to that found by Dedecek (1978)
for Brasilia, DF (8,319 MJ mm ha-1 h-1 yr-1); Morais
et al. (1991) for Barraquinho, MT (8,493 MJ mm ha-1

h-1 yr-1); Silva et al. (1997) for Goiania, GO
(8,353 MJ mm ha-1 h-1 yr-1); and Hickmann et al.
(2008) for Uruguaiana, RS (8,875 MJ mm ha-1 h-1 yr-1).
According to Foster et al. (1981), the rainfall erosivity
potential is high in all of theses cases.

Return period

Based on the daily rainfall erosivity and rainfall a
linear equation was calculated (  = 7.9075x - 40.578;
R2 = 0.61), where: y represents the rainfall erosivity

Figure 2. Average rainfall and rainfall erosivity from
1998 to 2004 (a). Accumulated average of rainfall
and rainfall erosivity (b).

Table 1. Rainfall erosivity parameter and rainfall
precipitation in Aracruz, ES, Brazil

1) Partial value from events from January to July. (2) Average
obtains from monthly average.
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values, and x the rainfall.  This equation was used to
estimate daily rainfall erosivity from 1968 to 1997.
Rainfall erosivity data estimated according Wischmeier
& Smith (1978) were used for the subsequent period.

The return period and probability of occurrence
for the annual rainfall erosivity events in Aracruz,
ES, are shown in table 2.  The estimated return period
of the highest annual rainfall erosivity value
(17,056 MJ mm ha-1 h-1 yr-1) was 38 years, with a
probability of occurrence of 2.63 %.  The least annual
rainfall erosivity value for the studied period was
4,171 MJ mm ha-1 h-1 yr-1, and the estimated return
period was 1 year, with a probability of occurrence of
97.37 %.  Thus, the maximum and minimum rainfall
erosivity values are expected every 38 and 1 years,
respectively.

The recurrence interval of the observed annual
average rainfall erosivity (estimated at 8,536 MJ mm
ha-1 h-1 yr-1) (Table 1) was 3.4 years, with a probability
of occurrence of 29.78 %.  Colodro et al. (2002)
estimated a return period for the average rainfall
erosivity parameter of 2.3 years, for Teodoro Sampaio,
SP, whereas the estimated return period for
Uruguaiana, RS, was two years (Hickmann et al.,
2008).

CONCLUSIONS

1.  The annual rainfall erosivity in Aracruz, ES
ranged from 4,536 to 17,056 MJ mm ha-1 h-1 yr-1

(mean of 8,536 MJ mm ha-1 h-1 yr-1).  The months in
the period from October and March were the most
critical (85 % of annual rainfall erosivity) and the
values highest in December.

2.  In Aracruz, ES, 38 % of the rainfall events were
classified as erosive, which accounts for 88 % of the
total rainfall volume per year.

3.  The return period for the annual average
rainfall erosivity (8,536 MJ mm ha-1 h-1 yr-1) was
estimated to be 3.4 years with a probability of
occurrence of 29.78 %.
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