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ABSTRACT

Knowledge of intensity-duration-frequency (IDF) relationships of rainfall
events is extremely important to determine the dimensions of surface drainage
structures and soil erosion control.  The purpose of this study was to obtain IDF
equations of 13 rain gauge stations in the state of Santa Catarina in Brazil: Chapecó,
Urussanga, Campos Novos, Florianópolis, Lages, Caçador, Itajaí, Itá, Ponte Serrada,
Porto União, Videira, Laguna and São Joaquim.  The daily rainfall data charts of
each station were digitized and then the annual maximum rainfall series were
determined for durations ranging from 5 to 1440 min.  Based on these, with the
Gumbel-Chow distribution, the maximum rainfall was estimated for durations
ranging from 5 min to 24 h, considering return periods of 2, 5, 10, 20, 25, 50, and
100 years,.  Data agreement with the Gumbel-Chow model was verified by the
Kolmogorov-Smirnov test, at 5 % significance level.  For each rain gauge station,
two IDF equations of rainfall events were adjusted, one for durations from 5 to
120 min and the other from 120 to 1440 min.  The results show a high variability in
maximum intensity of rainfall events among the studied stations.  Highest values
of coefficients of variation in the annual maximum series of rainfall were observed
for durations of over  600 min at the stations of the coastal region of Santa Catarina.

Index terms: heavy rainfall, hydrology, drainage.



2128 Álvaro José Back et al.

R. Bras. Ci. Solo, 35:2127-2134, 2011

RESUMO:       EQUAÇÕES DE CHUVAS INTENSAS PARA O ESTADO DE SANTA
CATARINA

O conhecimento das relações intensidade-duração-frequência (IDF) de chuvas é de grande
importância no dimensionamento de estruturas de drenagem superficial e controle de erosão
do solo.  O objetivo deste trabalho foi obter equações IDF para 13 estações pluviográficas do
Estado de Santa Catarina: Chapecó, Urussanga, Campos Novos, Florianópolis, Lages,
Caçador, Itajaí, Itá, Ponte Serrada, Porto União, Videira, Laguna e São Joaquim.  Os
pluviogramas diários de cada estação foram digitalizados e, posteriormente, determinaram-
se as séries de máximas anuais de chuva com duração de 5 a 1.440 min.  A partir delas, foram
estimadas, por meio da distribuição de Gumbel-Chow, as chuvas máximas com durações
variando de 5 min a 24 h, considerando-se os períodos de retorno de 2, 5, 10, 20, 25, 50 e
100 anos.  A aderência dos dados ao modelo de Gumbel-Chow foi comprovada por meio do
teste de Kolmogorov-Smirnov a 5 %.  Para cada estação pluviográfica, ajustaram-se duas
equações IDF de chuvas: uma válida para duração de 5 a 120 min e outra para duração de
120 a 1.440 min.  Os resultados mostraram grande variação na intensidade máxima da
chuva entre as estações estudadas.  Foram observados maiores valores de coeficientes de variação
nas séries de máximas anuais de chuva com duração superior a 600 min das estações situadas
na faixa litorânea do Estado de Santa Catarina.

Termos de indexação: chuva intensa, hidrologia, drenagem.

INTRODUCTION

Rainfall is one of the climatic events with high
variability in terms of time and space, and its excess
or deficit generally affects agricultural production and
causes problems for the population in general.
Knowledge on rainfall characteristics and their
relationship with the hydrologic cycle are extremely
important for strategic studies on environmental
planning (Carvalho & Assad, 2005), power generation
and agricultural management, especially under
tropical conditions (Mello & Silva, 2009).

Soil erosion caused by water constitutes a great
problem in agricultural areas.  The power of rain to
cause soil erosion is called rainfall erosivity (Cassol et
al., 2008).  Many studies quantifying rainfall erosivity
have been published elsewhere, e.g., Moreira et al.
(2008), Bazzano et al. (2007, 2010) and Martins et al.
(2010).  According to Bazzano et al. (2010), knowledge
on rain characteristics increases safety in the planning
of soil conservation structures e.g., terraces,
catchment areas, and of agricultural practices of soil
conservation by maintaining the vegetation cover or
by constructions (dams, drainage canals), and
hydraulic flow structures for rainwater, justifying the
determination of precipitation characteristics.
Mesquita et al. (2009) stated that to determine the
dimensions of a rural construction it is fundamental
to know about the expected rainfall conditions for an
adequate planning of systems of agricultural terracing,
road drainage, and dam constructions to minimize
flooding, among others.  According to Bazzano et al.
(2010), the effective dimensions of hydraulic
structures in urban areas and of agricultural terraces

can be determined when aspects of rain risk and
frequency are considered, which can be expressed by
relationships of rainfall intensity-duration-frequency
(IDF).  In this sense, in places where pluviograph data
are available, it is possible to fit the equation of heavy
rainfall, also called IDF equation.  The studies of
Fendrich (1998), Costa & Brito (1999), Oliveira et al.
(2000), Silva et al. (2002) and Soprani & Reis (2007)
deal with this matter.

IDF relationships are obtained through statistical
analysis of long data series recorded by pluviographs.
In Brazil, it is quite easy to get daily rainfall data,
although rainfall data of shorter duration are limited,
due to shortage and unavailability of recording
equipment and inaccurate data records.  Many
authors, as for example Assad et al. (1992), Wadt
(2003), Ferreira (2005), Lima et al. (2005), Oliveira et
al. (2008), and Back (2009) report the difficulty of
obtaining long series of rainfall data, mainly of
pluviograph data.  Cecílio & Pruski (2003) stress that
working with the method to determine rainfall IDF
relationships to tabulate, analyze and interpret a large
quantity of recording charts is rather exhaustying.
This study aims to analyze the rainfall data charts
and to adjust IDF equations to the meteorological
stations of Santa Catarina in Brazil.

MATERIALS AND METHODS

For the evaluation, daily charts of rainfall data
were used, recorded at the meteorological stations of
the National Institute of Meteorology (Inmet) and of
the company of agricultural research and rural
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extension of Santa Catarina (Epagri) (Table 1 and
Figure 1).

To digitize rainfall data charts, the GEDAC program
(Pedrollo, 1997) was used.  To read the documents
created by GEDAC and to perform discretization of
rainfall data at 1 min intervals, a computer program
was created to determine the annual maximum
rainfall series for different durations (5, 10, 15, 20,
25, 30, 45, 50, 55, 60, 75, 90, and 105 min and 2, 3, 4,
5, 6, 7, 8, 10, 12, 14, 16, 18, 20, 22, and 24 h).

For each duration, rainfall values were estimated
for return periods of 2, 5, 10, 20, 25, 50, and 100 years,
applying the Gumbel-Chow distribution with:

(1)
where PT - maximum precipitation for return period T
years, mm;  - mean of annual maximum series, mm;
S - standard deviation of annual maximum
series, mm: Yn - mean of reduced variable; Sn -
standard deviation of reduced variable; and Y - reduced
variable estimated by

(2)
where T is the return period (years).

Agreement between annual maximum series and
the Gumbel-Chow distribution was verified with the

Figure 1. Location of rain gauge stations in Santa Catarina, Brazil.

Table 1. Geographic location of the rain gauge stations recording the daily rainfall of Santa Catarina, Brazil
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Kolmogorov-Smirnov test at 5 % significance level as
described by Kite (1978).

For each station, two heavy rainfall equations were
adjusted, one for durations of 5 to 120 min and the
other 120 to 1440 min, as follows:

(3)

where i - rainfall intensity (mm h-1); K, m, b, n -
empirical coefficients; T - return period (year); and
t - rainfall duration (min).

The coefficient was adjusted by reducing the S
function, given by:

(4)

where S - sum of squares of deviations (mm2); t - rainfall
duration (min); T - return period (year); J - number of
return periods used (1 - 7); G - precipitation intensity
with duration of i minutes and return period of T
years, estimated by the Gumbel-Chow distribution
(mm h-1); and i - rainfall intensity for duration of t

minutes and return period of T years, estimated by
IDF equation (mm h-1).

The accuracy of estimates was evaluated using the
standard error estimate, given by:

(5)

where Ep - standard error of estimate (mm); G - precipitation
intensity for duration of i minutes and return period
of T years, estimated by the Gumbel-Chow distribution
(mm h-1); i - rainfall intensity for duration of t minutes
and return period of T years, estimated by IDF
equation (mm h-1); and N - number of observations.

RESULTS AND DISCUSSION

The average values and coefficient of variation of
the annual maximum series over a range of durations
were calculated for each of the 13 stations studied
(Tables 2 and 3).

Table 2. Average values of the annual maximum precipitation series of the rain gauge stations of Santa
Catarina

(1) Caç.: Caçador; C.N.: Campos Novos; Chap.: Chapecó; Flor.: Florianópolis; P.S.: Ponte Serrada; P.U.: Porto União; Urus.:
Urussanga; Vid.: Videira; S.J.: São Joaquim.
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For heavy rainfalls, variability was high among
the stations, especially at the station of Florianópolis
where the highest average precipitation was recorded
for durations of over 30 min.  At the stations of
Florianópolis and Laguna, the coefficient of variation
was also high for rainfall durations of over 60 min.
For 5 min durations, the highest value (11.7 mm) was
observed at the station of Porto União, and the
minimum value (7.0 mm) in Caçador.  The
relationship between the maximum and minimum
value for this duration is 1.7, which this is the lowest
ratio found between durations.  The highest ratio
between maximum and minimum average values was
2.1, recorded for 50 min events, in Florianópolis and
Itajaí.  In a study involving 19 rain gauge stations in
the state of Bahia, Brazil, Silva et al. (2002) observed
that the maximum/minimum ratio varied from 1.28
to 1.76, which is lower than observed in this study.

For all locations, the Gumbel distribution proved
adequate to represent the estimates of rainfall intensity
at 5 % significance level by Kolmogorov-Smirnov test.

The analysis of the coefficient values shows that
the heavy rainfalls recorded at the stations of Itajaí,
Florianópolis, Laguna, and Urussanga have a slightly
different distribution pattern than the other stations,
presenting the highest values of the coefficient of
variation for long durations (over 600 min).  This
behavior can be explained by the presence of extreme
precipitation values in the annual maximum series
for duration of 1440 min (121.3, 437.7, 296.2, and
249.7 mm, respectively, for the stations of Itajaí,
Florianópolis, Laguna and Urussanga).  These
meteorological stations are located in the coastal region
of the State, where the occurrence of extreme rain
events of longer duration is related to complex
phenomena of atmospheric circulation, often
associated to extratropical cyclones over the Atlantic
(Monteiro, 2001), which would be determinant for the
variability found in this study.

Differences in the statistical parameters of the
observed rainfalls reflect their different estimates and
demonstrate the importance of adjusting equation

Table 3. Coefficient of variation values of the annual maximum precipitation of the rain gauge stations of
Santa Catarina

(1) Caç.: Caçador; C.N.: Campos Novos; Chap.: Chapecó; Flor.: Florianópolis; P.S.: Ponte Serrada; P.U.: Porto União; Urus.:
Urussanga; Vid.: Videira; S.J.: São Joaquim.
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parameters of heavy rainfall events to local data, since
regionalized equations may contain errors and
inaccuracies.  Silva et al. (1999) and Eduardo et al.
(2009) drew similar conclusions on the adjusted
parameters of IDF data for heavy rainfall events in
the States of Rio de Janeiro and Espírito Santo, Brazil.

IDF relationships of the station of Urussanga with
the respective adjusted equation are shown in figures
2 and 3 and the adjusted equations for each one of the
13 rain gauge stations in table 4, valid for rainfall
durations from 5 to 1440 min (24 h) and return periods
from 2 to 100 years.  It was observed that the
coefficient of determination of the adjusted equations
was generally R2 > 0.95 (between 0.95 and 0.99).
Similar results were found by Eduardo et al. (2009).

The greatest deviations between the observed and
estimated values by the adjusted equation were
observed for a return period of 2 years.  The rainfall
data charts were traditionally analyzed manually and
the adjusted equations were limited to durations of
up to 120 min.

The heavy rainfall equations established for the
13 locations in Santa Catarina can be used to
determine the dimensions of soil conservation
structures and agricultural drainage such as
terracing, drainage canals, road drainage as well as
of other projects of surface drainage in rural or urban
areas.  The applied method in the adjustment of the
coefficient of IDF equations for return periods from 2
to 100 years and durations from 5 to 1440 min can be

Figure 2. Equations of heavy rainfall events for durations up to 120 min, adjusted to Urussanga, Santa Catarina.

Figure 3. Equation of heavy rainfall events for durations from 120 to 1440 min, adjusted to Urussanga,
Santa Catarina.
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Table 4. Heavy rainfall equations of the rain gauge stations of Santa Catarina where i is rain intensity (mm h-1),
T is the return periods from 2 to 100 years, and t is rain duration, in minute

used to determine the dimensions of most projects that
involve surface runoff, as indicated by Tucci et al.
(1995) and Tomaz (2002).

CONCLUSIONS

1. There is high variability among the studied
stations in the average maximum intensity of rainfall
events for a given duration.

2. The coefficients of variation in the annual
maximum series for durations of over 600 min (10 h)
were higher for the stations in the coastal region of
Santa Catarina.

3. To determine dimensions for projects of soil
conservation and surface drainage, rainfall intensity
for durations from 5 to 1440 min and return periods

from 2 to 100 years can be estimated by adjusted
equations.
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