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ABSTRACT

The intensity-duration-frequency (IDF) equations establish the relationship between the intensity and the duration of  an extreme 
precipitation associated to the probability of  its occurrence. Some studies have fitted multiple IDF equations per rain gauge, valid 
for certain rain duration ranges. An example is the IDF equation for the 8th District of  Meteorology of  Porto Alegre rain gauge, 
established and published by the CPRM in the Pluviometric Atlas Project. The main objective of  the present study is to evaluate 
the implication of  using this type of  IDF equation, referred to as a “discontinuous IDF equation”, in the generation of  runoff  
hydrographs, using the mentioned IDF as case study. The methodology consisted in comparing the peak flow and the runoff  volume of  
hydrographs generated by the discontinuous IDF equation with the hydrographs obtained by using a single IDF equation. The runoff  
hydrographs were generated for hypothetical basins with the following characteristics: contribution areas of  5, 20 and 80 km2; CN 
of  70, 80 and 90; and time of  concentration of  20, 40, 60, 100 and 200 minutes. A 24-hour rainfall event was considered with return 
period of  5, 10, 25, 50 and 100 years. As results, it was observed that, in the case studied, the multiple IDF equation present a better 
fit to the observed rainfall data than the single IDF equation. However, the discontinuity at the transition point between the equations, 
depending on its magnitude, may present some influence on the peak flow and on the runoff  volume due to occurrence of  secondary 
peaks on the runoff  hydrographs. Therefore, it is recommended that a maximum limit of  discontinuity must be observed between 
the multiple equations in order to avoid the occurrence of  secondary peaks in the runoff  hydrographs.

Keywords: IDF; Hyetograph; Runoff  hydrograph.

RESUMO

As equações ou curvas intensidade, duração e frequência (IDF) estabelecem a relação entre a intensidade e a duração de uma 
precipitação extrema associada à sua probabilidade de ocorrência. A maioria dos ajustes destas curvas é realizado por meio de 
apenas uma equação; no entanto alguns autores estabelecem curvas IDF múltiplas, com duas ou mais equações distintas, válidas para 
determinadas faixas de duração de chuva. É o caso, por exemplo da IDF do 8º Distrito de Meteorologia de Porto Alegre, estabelecida 
pela CPRM no âmbito do Projeto Atlas Pluviométrico. O presente trabalho teve como objetivo avaliar a implicação da utilização 
desta IDF, chamada, neste trabalho, equação IDF descontínua, na geração de hidrogramas de escoamento superficial, utilizando-se 
como estudo de caso a IDF mencionada. A metodologia consistiu em comparar a vazão de pico e o volume dos hidrogramas de 
escoamento gerados a partir da IDF descontínua com hidrogramas obtidos a partir de uma IDF de equação única. Os hidrogramas 
foram gerados para bacias hipotéticas com áreas de 5, 20 e 80 km2, para cada qual variou-se o parâmetro CN em 70, 80 e 90 e o 
tempo de concentração em 20, 40, 60, 100 e 200 minutos. Considerou-se um evento de chuva de 24 horas de duração com tempos de 
retorno de 5, 10, 25, 50 e 100 anos. Como resultado observou-se que, as equações IDF múltiplas apresentam melhor ajuste aos dados 
de precipitação observados do que a equação IDF única. No entanto, a magnitude da descontinuidade no ponto de transição entre as 
equações pode provocar alterações nos valores de vazão de pico e volume dos hidrogramas de escoamento devido ao surgimento de 
picos secundários. Dessa forma, recomenda-se que, quando forem ajustadas equações IDF múltiplas, se observe um limite máximo 
de descontinuidade entre as equações, de forma a evitar o surgimento de picos secundários nos hidrogramas de escoamento.

Palavras-chave: IDF; Hietograma; Hidrograma de escoamento superficial.
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INTRODUCTION

The intensity-duration-frequency (IDF) equations establish 
the relationship between the intensity and the duration of  a rainfall 
event associated to the probability of  its occurrence. IDF equations 
are often used in hydrological studies with rainfall-runoff  models 
to determine peak flows and runoff  volumes. The peak flows and 
runoff  volumes are then used to dimension hydraulic structures, 
such as: conduits, spillways, manholes, loopholes, detention basins, 
infiltration trenches, channels, etc. (Tucci, 1993).

The pioneering work in the determination of  IDF equations 
in Brazil was that of  Pfafstetter (1957). However, this type of  
work, based on historical data series, needs updating over time. 
Therefore, it is possible to find several studies with updated IDF 
equations, such as Fendrich (1998), Silva (2009), Back et al. (2011), 
as well as hydrology textbooks, such as Collischonn and Dornelles 
(2013) and Tucci (1993) and in Municipal Urban Drainage Plans.

Most IDF equations are fitted by only one equation. However, 
some authors are defining IDFs with two or more distinct equations 
per rain gauge, valid for certain rain duration ranges. An example 
is the IDF equation of  the 8th District of  Meteorology (DISME) 
rain gauge in Porto Alegre, Brazil. The IDF equation was defined 
and published by the Serviço Geológico do Brasil (CPRM, 2015), 
in the Pluviometric Atlas Project. This Project is an action within 
the Geodiversity Surveys Program, whose purpose is to gather, 
consolidate and organize rainfall data collected in the national 
meteorological network (CPRM, 2015).

The use of  multiple equations is intended to improve the 
line of  best fit between the estimated and the observed data, but it 
causes a discontinuity at the transition point between the equations. 
This study aims to evaluate the implication of  using this type of  
IDF equation (referred to as a discontinuous IDF equation) in 
surface runoff  hydrographs, using the 8th DISME IDF equation 
established by the CPRM (2015) as case study.

CASE STUDY: 8TH DISME DISCONTINUOUS 
IDF EQUATION (CPRM, 2015)

The 8th DISME meteorological station (WMO code 83967) 
is located at the coordinates 30° 03’ 13” S and 51° 10’ 24” W and 
has been collecting continuous data since September 1974.

There are several IDF equations fitted to the observed 
rainfall data from this meteorological station. The studies include: 
Goldenfum, Camaño and Silvestrini (1991), Silveira (1996), Bemfica, 
Goldenfum and Silveira (2000) and CPRM (2015).

The following presents a brief  description of  the 
methodology adopted by the CPRM when defining the 8th DISME 
IDF equation. The complete methodology is presented in CPRM 
(2013). The specifically methodology regarding the 8th DISME 
IDF equation is presented in CPRM (2015).

The 8th DISME IDF equation was derived from annual 
maximum rainfall series obtained from the observed data for 
the Xperiod 1974-2014 and for the following rainfall duration: 
5, 10, 15, 30 and 45 minutes; 1, 2, 3, 4, 8, 14, 20 and 24 hours. 
The annual maximum series were submitted to consistency tests 
in order to identify outliers. The following was also analyzed: 
i) the independence of  the series applying the non-parametric test 
proposed by Wald and Wolfowitz (1943) for the level of  significance 

of  2% to 5%; ii) the homogeneity of  the series by applying the 
non-parametric test proposed by Mann and Whitney (1947) for 
the significance level of  2% to 5%; and iii) the stationarity of  the 
series, applying Spearman’s non-parametric test to the significance 
level of  2% to 5%. The annual maximum rainfall series for the 
rainfall durations mentioned above are available in CPRM (2015).

Once this was done, an empirical distribution was fitted 
to the values using the Weibull plotting formula. In sequence, 
the following theoretical distributions functions were tested: 
Generalized Pareto distribution, Generalized Extreme Value 
(GEV) distribution, Generalized Logistics distribution, Gamma 
distribution, Gumbel distribution and Exponential distribution. 
The parameters of  the theoretical distributions were calculated 
by using the L-moments method (GREENWOOD et al., 1979; 
HOSKING, 1986, 1990). The goodness of  fit test was then 
realized by comparing the theoretical and empirical distribution, 
using Kolmogorov–Smirnov (K-S) test, Chi-Squared test and 
Anderson-Darling test. The Exponential distribution was the 
one that best fitted the annual maximum rainfall series of  the 
8th DISME meteorological station.

The equation adopted to represent the family of  curves 
obtained from the Exponential distribution was of  the following 
type:
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where i is the rainfall intensity (mm/h), T is the return period 
(years), t is the rainfall duration (minutes), a, b, c and d are 
parameters of  the equation.

The IDF equation parameters were then estimated using the 
generalized reduced gradient algorithm (GRG) developed by Lasdon 
and Waren (1981) to solve nonlinear problems. The optimization 
between the observed data and the calculated values was performed 
by minimizing the Root Mean Square Error (RMSE) (Equation 2) 
and the Mean Absolute Percent Error (MAPE) (Equation 3).
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where: ixo  is the observed data at time i, ixc  is the value calculated 
at time i and N is the total number of  data points.

A maximum MAPE of  10% between the observed data 
and the values calculated with the equation was assumed as a 
premise for the definition of  the IDF parameters for any rainfall 
duration and return period. The IDF parameters are presented in 
Table 1. These IDF parameters are valid for return periods of  up 
to 100 years and for rainfall duration from 5 minutes to 24 hours. 
The IDF curves are presented in Figure 1.

Table 1. Parameters of  the 8th DISME IDF equation (CPRM, 2015).
Duration a b c d

5 ≤ t < 120 min 4,247.90 0.2097 25.20 1.1199
120 ≤ t ≤ 1440 min 573.10 0.1889 0 0.7256
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As a result of  the fit being performed using two equations, 
a discontinuity was observed at the transition point between the 
two curves (at around 120 minutes). Table 2 presents a comparison 
between the rainfall intensities calculated immediately before 
and after the transition point of  the two equations for different 
return periods.

As shown in Table  2 the rainfall intensity presents an 
instantaneous increase at the transition point. Table 2 also shows 
that as the return period increases, the difference of  rainfall 
intensity calculated at the transition point decreases. IDF curves are 
used quite frequently and almost exclusively in drainage projects. 
Considering that drainage structures are projected with return 
periods between 2 and 25 years, it would be desirable that the 
difference between the intensities calculated at the transition point 
were as close to zero as possible for the return periods mentioned.

IMPLICATIONS OF THE DISCONTINUOUS 
IDF EQUATION IN HYETOGRAPH AND IN 
SURFACE RUNOFF HYDROGRAPH

The discontinuous IDF equation was then applied to 
hypothetical basins in order to determine the implications of  its 
use when generating hyetographs and runoff  hydrographs.

In order to do so, the hyetographs were generated by 
using the alternating block method. The surface runoff  was 
estimated by using the Curve Number (CN) and the surface runoff  
hydrographs were obtained from the Triangular Unit Hydrograph 
convolution procedure. The last two methods were developed 
by the Soil Conservation Service (SCS), now known as Natural 
Resources Conservation Service (NRCS). The Triangular Unit 
Hydrograph procedure is one of  the most well-known methods 
for deriving synthetic unit hydrographs in use today. References 
for this method can be found in most hydrology textbooks or 
handbooks. For this reason, the method was selected as part of  
the methodology. The discretization value of  the hyetographs 
and hydrographs was set at 5 minutes. A 24-hour (1440 minutes) 
rainfall was considered.

Figure 2 illustrate the resulting hyetographs for hypothetical 
basins with CN of  70 and 90, designed for a 5 and 100-year return 
period events with the discontinuous IDF equation.

It is observed that the hyetographs designed for the lower 
return periods present a different format to the conventional ones, 
which have been consolidated in the literature. Two rainfall peaks 
were observed when analyzing the hyetographs.

The results presented on Table 3 show that the secondary 
peak occurs due to the sudden increase in the rainfall depth 
at 120 minutes. When the incremental depth is calculated, the 
difference between the adjacent values at 120 minutes becomes 
more evident. When the alternating block method is applied, this 
rainfall depth, much higher than the adjacent values, appears as 
a secondary peak in the hyetographs.

Figure 2 also illustrates a gradual decrease in the secondary 
peak as the return period increases. For larger return periods, the 
hyetograph design tends to be more similar to the conventional ones.

The same behavior observed in the hyetographs (Figure 2) 
is reflected in the surface runoff  hydrographs (Figure 3). Figure 3 
shows the hydrographs obtained for a hypothetical basin with an 
area of  10 km2 and a time of  concentration of  20 minutes.

The secondary peaks were only observed in basins when 
the time of  concentration was smaller than 60 minutes, regardless 
of  the area, CN and return period. This occurs because the 
hydrographs are built from the Triangular Unit Hydrograph 
method, which, in turn, is obtained from the base time, which 
is a function of  the time of  concentration. When the time of  
concentration is too high, the overlapping of  the Unit Hydrographs 
by the convolution procedure causes the secondary peaks to 
smoothen. However, times of  concentration less than 60 minutes 
are the most frequent in urban basins where the Triangular Unit 
Hydrograph method is used.

Table 2. Rainfall intensity (mm/h) at the transition point between 
the two 8º DISME IDF equations.

Return 
Period 
(years)

Duration (min)
Difference  
(mm/h)

119.9999 120.0000
Rainfall Intensity 

(mm/h)
2 18.63 20.25 1.62
5 22.57 24.08 1.51
10 26.10 27.45 1.34
25 31.63 32.63 1.00
50 36.58 37.20 0.62
100 42.30 42.40 0.10

Figure 1. IDF curves at the 8th DISME meteorological station 
in Porto Alegre, Brazil (CPRM, 2015).

Table 3. Rainfall depth calculated by using the discontinuous 
IDF equation for rainfall duration between 110 and 125 minutes 
considering a 5-year return period.

Duration
(min)

Cumulative 
Depth (mm)

Incremental 
Depth (mm)

... ... ...
110 44.82 ...
115 44.99 0.17
120 48.16 3.16
125 48.70 0.54
... ... ...
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Figure 2. Total rainfall (dotted line) and effective rainfall (solid line) calculated by the alternating block method using the discontinuous 
IDF equation, considering various CN and return period.

Figure 3. Surface runoff  hydrographs obtained from the discontinuous IDF equation for a hypothetical basin with an area of  10 km2 
and time of  concentration of  20 minutes, considering various CN and return period.
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According to Tucci (1993), a surface runoff  hydrograph can 
be characterized by three main parts: ascension, highly correlated 
with the rainfall intensity; peak flow region, near the maximum 
value when the hydrograph begins to change its inflection as a result 
of  the reduction of  the rainfall and/or the basin attenuation; and 
depletion, when the flow or the water ponding begins to decrease 
on the surface. There is no mention of  secondary or adjacent 
peaks in Tucci (1993) such as the hydrographs present in Figure 3 
obtained from the discontinuous IDF equation.

The hydrographs main function is to allow the identification 
of  the peak flow and the surface runoff  volume, which in turn, 
are used to design hydraulic structures. Therefore, it is desirable 
that the hydrographs suitably represent the hydrological conditions 
during the hydraulic structure lifespan.

It is possible that the CPRM (2015) chose to use two 
equations to represent the IDF curves because this provides 
a better fit to the observed data. Besides that, by using two 
equations, the premise of  obtaining a maximum Mean Absolute 
Percent Error (MAPE) of  10% between the calculated and the 
observed data was satisfied. However, as already shown, the surface 
runoff  hydrographs obtained from two IDF equations presented 
secondary peaks when using the Triangular Unit Hydrograph 
method. These secondary peaks may possible affect the peak flow 
and the runoff  volume value.

SINGLE IDF EQUATION

In order to evaluate the effects of  the secondary peaks on 
the peak flow and on the runoff  volume, a single IDF equation 
was fitted to the 8th DISME meteorological station data using 
the same methodology adopted by the CPRM (2015) in order to 
enable further comparison.

The Exponential distribution was fitted to the annual maximum 
rainfall series observed at the 8th DISME meteorological station 
for the following rainfall duration: 5, 10, 15, 30 and 45 minutes; 
1, 2, 3, 4, 8, 14, 20 and 24 hours. The parameters of  the Exponential 
distributions were calculated by using the L-moments method 
(GREENWOOD et al., 1979; HOSKING, 1986, 1990). The IDF 
equation parameters were then estimated using the generalized 
reduced gradient algorithm (GRG) developed by Lasdon and Waren 
(1981) to solve nonlinear problems. The optimization between 
the observed data and the calculated values was performed by 
minimizing the Root Mean Square Error (RMSE) and the Mean 
Absolute Percent Error (MAPE). The RMSE resulted in 4.55 mm/h 
and the MAPE in 5.65%.

The following IDF equation represents the best fit of  a 
single IDF equation for the 8th DISME meteorological station, 
according to the methodology presented above, The IDF curves 
are presented in Figure 4.

( )
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where i is the rainfall intensity (mm/h), T is the return period 
(years) and t is the rainfall duration (minutes).

Table 4 present the relative difference between the rainfall 
intensities calculated by the single IDF equation and the rainfall 

intensity observed at the 8th DISME meteorological station. Table 5 
present the relative difference between the rainfall intensities 
calculated by the discontinuous IDF equation and the rainfall 
intensity observed at the 8th DISME station.

As expected, none of  the IDFs reproduce exactly the 
observed data. However, the relative differences between the 
rainfall intensity calculated using the discontinuous IDF equation 
and the intensity observed are smaller than those calculated using 
the single IDF equation, for most return period and rainfall 
duration. On the other hand, when analyzing the absolute values 
(Table 6 and Table 7) the two fitted equations presents a maximum 
absolute difference of  around 17 mm/h when compared to the 
observed data uncertainty which according to WMO (1994) is 
between 3 and 7%.

Table 4 also shows that the maximum relative differences 
between the observed data and the values calculated using the single 
IDF equation were higher than 10% at the cases highlighted in 
bold. In other words, the premise of  having a relative difference 
less than 10% established by the CPRM (2015) was not satisfied 
when a single IDF equation was fitted.

COMPARISONS BETWEEN THE RUNOFF 
HYDROGRAPHS OBTAINED FROM THE 
SINGLE IDF EQUATION AND THOSE 
ONTAINED FROM THE DISCOUNTING IDF 
EQUATION

The comparison between the surface runoff  hydrographs 
developed using the single IDF equation with those obtained using 
the discontinuous IDF equation was realized by comparing the 
peak flow and the runoff  volume of  both hydrographs according 
to the following equation:

( ) ( )
( )

value single IDF value discontinuous IDF
   

value discontinuous IDF
−

∆= 	 (5)

Figure 4. IDF curves at the 8th DISME meteorological station 
fitted by a single equation.
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Table 5. Relative difference between the rainfall intensity calculated using the discontinuous IDF equation and the rainfall intensity 
observed at the 8th DISME station, for several return periods and rainfall duration.
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T 
(years)

Duration (min)
5 10 15 30 45 60 120 180 240 480 840 1440

2 -4.1% 8.3% 10.0% 7.0% 5.1% 5.2% 6.0% 6.6% 6.6% 2.8% 0.5% 1.9%
5 -9.3% -0.1% 1.4% -2.2% -4.6% -5.5% -2.7% 0.9% 1.3% -0.3% -5.0% -4.7%
10 -10.1% -2.2% -0.7% -4.7% -7.2% -8.6% -5.4% -0.3% 0.2% -0.2% -6.2% -6.5%
15 -9.7% -2.3% -0.8% -4.9% -7.6% -9.2% -6.0% -0.2% 0.4% 0.5% -6.1% -6.7%
20 -9.0% -1.9% -0.4% -4.7% -7.5% -9.2% -6.0% 0.2% 0.9% 1.4% -5.7% -6.5%
25 -8.3% -1.4% 0.1% -4.3% -7.1% -9.0% -5.9% 0.7% 1.4% 2.1% -5.3% -6.1%
50 -5.4% 1.1% 2.7% -2.1% -5.1% -7.2% -4.5% 3.1% 3.9% 5.3% -3.1% -4.3%
75 -3.0% 3.2% 4.9% -0.1% -3.3% -5.5% -3.1% 5.1% 5.9% 7.7% -1.3% -2.6%
100 -1.1% 5.0% 6.7% 1.6% -1.7% -4.1% -1.9% 6.7% 7.6% 9.6% 0.2% -1.3%

Table 6. Absolute difference between the rainfall intensity (mm/h) calculated using the single IDF equation and the rainfall intensity 
observed at the 8th DISME station, for several return periods and rainfall duration.
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T 
(years)

Duration (min)
5 10 15 30 45 60 120 180 240 480 840 1440

2 7.1 9.7 6.4 1.5 1.0 1.6 1.6 1.2 0.9 0.1 0.1 0.1
5 0.0 2.5 0.0 4.4 4.0 2.7 0.2 0.7 0.6 0.0 0.4 0.4
10 2.1 0.3 2.7 7.4 6.6 5.0 0.3 0.8 0.6 0.1 0.5 0.5
15 1.8 0.8 3.3 8.5 7.6 5.9 0.3 1.1 0.8 0.3 0.5 0.5
20 0.8 0.5 3.3 8.9 8.1 6.3 0.2 1.3 1.1 0.4 0.5 0.5
25 0.4 0.0 2.9 9.0 8.3 6.6 0.0 1.6 1.3 0.6 0.4 0.5
50 6.8 3.9 0.1 8.3 8.0 6.5 1.0 2.8 2.2 1.2 0.2 0.3
75 12.7 7.8 2.9 6.9 7.1 5.8 1.9 3.7 3.0 1.7 0.1 0.2
100 17.9 11.3 5.7 5.4 6.1 5.1 2.8 4.5 3.7 2.1 0.3 0.1

Table 7. Absolute difference between the rainfall intensity (mm/h) calculated using the discontinuous IDF equation and the rainfall 
intensity observed at the 8th DISME station, for several return periods and rainfall duration.
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) T 

(years)
Duration (min)

5 10 15 30 45 60 120 180 240 480 840 1440
2 4.6 7.0 7.1 3.6 2.0 1.7 1.1 0.9 0.8 0.2 0.0 0.1
5 13.5 0.1 1.3 1.5 2.4 2.4 0.7 0.2 0.2 0.0 0.3 0.2
10 17.0 2.9 0.8 3.8 4.6 4.5 1.6 0.1 0.0 0.0 0.4 0.3
15 17.6 3.2 0.9 4.4 5.3 5.2 1.9 0.0 0.1 0.1 0.5 0.4
20 17.4 2.9 0.5 4.4 5.5 5.5 2.0 0.1 0.2 0.2 0.5 0.4
25 16.7 2.3 0.1 4.2 5.5 5.7 2.0 0.2 0.3 0.2 0.4 0.4
50 12.0 1.9 4.0 2.3 4.4 5.2 1.7 0.8 0.9 0.7 0.3 0.3
75 7.2 6.1 7.8 0.1 3.0 4.2 1.3 1.4 1.4 1.1 0.1 0.2
100 2.8 9.9 11.2 1.9 1.6 3.3 0.8 2.0 1.8 1.4 0.0 0.1

Table 4. Relative difference between the rainfall intensity calculated using the single IDF equation and the rainfall intensity observed 
at the 8th DISME station, for several return periods and rainfall duration.
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 (%
)

T 
(years)

Duration (min)
5 10 15 30 45 60 120 180 240 480 840 1440

2 6.3% 11.5% 9.0% 2.9% 2.4% 5.1% 8.3% 8.5% 7.8% 1.6% -3.0% -4.1%
5 0.0% 2.3% 0.0% -6.4% -7.5% -6.1% 0.8% 4.2% 3.9% 0.0% -7.0% -9.1%
10 -1.2% -0.2% -2.4% -9.1% -10.4% -9.6% -0.9% 4.0% 3.8% 1.1% -7.2% -9.9%
15 -1.0% -0.5% -2.7% -9.6% -11.0% -10.4% -0.9% 4.8% 4.7% 2.4% -6.6% -9.5%
20 -0.4% -0.4% -2.6% -9.5% -11.0% -10.5% -0.5% 5.7% 5.7% 3.7% -5.8% -8.9%
25 0.2% 0.0% -2.2% -9.2% -10.8% -10.4% 0.0% 6.6% 6.6% 4.9% -5.0% -8.2%
50 3.0% 2.2% -0.1% -7.5% -9.2% -9.0% 2.5% 10.2% 10.4% 9.3% -1.8% -5.4%
75 5.3% 4.1% 1.8% -5.8% -7.6% -7.6% 4.7% 13.0% 13.2% 12.5% 0.7% -3.2%
100 7.2% 5.8% 3.4% -4.4% -6.3% -6.3% 6.4% 15.2% 15.5% 15.0% 2.7% -1.4%
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Table 8. Relative difference (%) between the peak flow obtained 
using the single IDF equation and the peak flow obtained using 
the discontinuous IDF equation.

CN=70
Area 
(km2)

tc 
(min)

Return Period (years)
5 10 25 50 100

5

20 -5.1% -4.8% -4.6% -4.6% -4.8%
40 -4.6% -4.1% -3.8% -3.7% -3.8%
60 -2.0% -2.0% -1.7% -1.6% -1.6%
100 -1.3% -0.1% 1.2% 1.6% 1.9%
200 -2.4% -0.4% 1.8% 3.1% 4.4%

20

20 -5.1% -4.8% -4.6% -4.6% -4.8%
40 -4.6% -4.1% -3.8% -3.7% -3.8%
60 -2.0% -2.0% -1.7% -1.6% -1.6%
100 -1.3% -0.1% 1.2% 1.6% 1.9%
200 -2.4% -0.4% 1.8% 3.1% 4.4%

80

20 -5.1% -4.8% -4.6% -4.6% -4.8%
40 -4.6% -4.1% -3.8% -3.7% -3.8%
60 -2.0% -2.0% -1.7% -1.6% -1.6%
100 -1.3% -0.1% 1.2% 1.6% 1.9%
200 -2.4% -0.4% 1.8% 3.1% 4.4%

CN=80
Area 
(km2)

tc 
(min)

Return Period (years)
5 10 25 50 100

5

20 -4.2% -4.2% -4.4% -4.5% -4.8%
40 -3.4% -3.3% -3.4% -3.5% -3.7%
60 -1.2% -1.1% -1.1% -1.2% -1.3%
100 0.5% 1.2% 1.7% 2.0% 2.3%
200 -0.9% 0.7% 2.5% 3.6% 4.5%

20

20 -4.2% -4.2% -4.4% -4.5% -4.8%
40 -3.4% -3.3% -3.4% -3.5% -3.7%
60 -1.2% -1.1% -1.1% -1.2% -1.3%
100 0.5% 1.2% 1.7% 2.0% 2.3%
200 -0.9% 0.7% 2.5% 3.6% 4.5%

80

20 -4.2% -4.2% -4.4% -4.5% -4.8%
40 -3.4% -3.3% -3.4% -3.5% -3.7%
60 -1.2% -1.1% -1.1% -1.2% -1.3%
100 0.5% 1.2% 1.7% 2.0% 2.3%
200 -0.9% 0.7% 2.5% 3.6% 4.5%

CN=90
Area 
(km2)

tc 
(min)

Return Period (years)
5 10 25 50 100

5

20 -3.6% -3.8% -3.9% -4.0% -4.1%
40 -2.6% -2.8% -3.1% -3.4% -3.7%
60 -0.1% -0.3% -0.6% -0.8% -1.1%
100 2.1% 2.3% 2.5% 2.6% 2.6%
200 1.2% 2.2% 3.3% 4.2% 4.9%

20

20 -3.6% -3.8% -3.9% -4.0% -4.1%
40 -2.6% -2.8% -3.1% -3.4% -3.7%
60 -0.1% -0.3% -0.6% -0.8% -1.1%
100 2.1% 2.3% 2.5% 2.6% 2.6%
200 1.2% 2.2% 3.3% 4.2% 4.9%

80

20 -3.6% -3.8% -3.9% -4.0% -4.1%
40 -2.6% -2.8% -3.1% -3.4% -3.7%
60 -0.1% -0.3% -0.6% -0.8% -1.1%
100 2.1% 2.3% 2.5% 2.6% 2.6%
200 1.2% 2.2% 3.3% 4.2% 4.9%

In order to verify the IDF curves sensitivity to physiographic 
factors and land use pattern of  urban basins, the runoff  
hydrographs were developed for distinct hypothetical basins with 
the following characteristics: drainage areas of  5, 20 and 80 km2; 
CN of  70, 80 and 90; and time of  concentration of  20, 40, 60, 
100 and 200 minutes. A 24-hour rainfall event was considered 
with return period of  5, 10, 25, 50 and 100 years. Tables 8 and 
Table 9 show the results for the peak flow and for the runoff  
volume, respectively.

The relative difference between the runoff  volume 
obtained using the single IDF equation and those obtained using 
the discontinues IDF equation varied only in relation to the CN 
and to the return period as shown in Table 9.

In relation to peak flow, as observed in Table 8, the relative 
difference between the two hydrographs is more evident at time 
of  concentration less than 60 minutes regardless of  the basin 
area and the CN. As mentioned earlier, the secondary peaks 
were observed, precisely, in that time of  concentration ranges. 
Referring to runoff  volume, Table  9 shows that the relative 
difference between the two hydrographs decreases as the return 
period decreases. As mentioned earlier the greatest discontinuities 
were observed for lower return periods. Therefore, the results 
indicate that peak flows and runoff  volumes are affected as the 
discontinuity increases.

Figure 5 presents a visual comparison between the runoff  
hydrographs obtained using the discontinuous IDF equation and 
those obtained using the single IDF equation, for a hypothetical 
basin with an area of  10 km2 and time of  concentration of  
20 minutes.

Table 9. Relative difference (%) between the runoff  volume 
obtained using the single IDF equation and the runoff  volume 
obtained using the discontinuous IDF equation.

CN=70
Area 
(km2)

tc 
(min)

Return Period (years)
5 10 25 50 100

5, 20, 80
20, 40, 
60, 100, 

200
-8.70% -6.30% -3.50% -1.50% 0.30%

CN=80
Area 
(km2)

tc 
(min)

Return Period (years)
5 10 25 50 100

5, 20, 80
20, 40, 
60, 100, 

200
-7.00% -5.10% -2.90% -1.30% 0.20%

CN=90
Area 
(km2)

tc 
(min)

Return Period (years)
5 10 25 50 100

5, 20, 80
20, 40, 
60, 100, 

200
-5.60% -4.20% -2.40% -1.10% 0.20%
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Figure 5. Visual comparison between the runoff  hydrographs obtained using the discontinuous IDF equation and those obtained 
using the single IDF equation for a hypothetical basin with an area of  10 km2 and time of  concentration of  20 minutes.

CONCLUSIONS

The multiple IDF equation fit was compared to the single 
IDF equation fit. The comparison was motivated only by the 
discontinuity effect at the transition point between the multiple 
curves.

In the case studied, regarding to relative differences, 
the multiple IDF equation presented better fit to the observed 
rainfall data than the single IDF equation for most return period 
and rainfall duration analyzed. However, regarding to absolute 
differences, the maximum absolute difference between the rainfall 
intensities calculated and the rainfall intensities observed was 
around 17 mm/h for both equations.

The implications of  the multiple IDF equation in runoff  
hydrographs was also analyzed. In the case studied, the discontinuity 
at the transition point between the equations (at around 120 minutes), 
depending on its magnitude, may present some influence on the peak 
flow and on the runoff  volume due to occurrence of  secondary 
peaks on the runoff  hydrographs. As it could be observed, the 
greater the discontinuity between the equations, the greater its 
influence on the peak flow and on the runoff  volume.

Therefore, it is recommended that a maximum limit of  
discontinuity between the multiple equations must be observed in 
order to avoid the occurrence of  secondary peaks in the runoff  
hydrographs. The problem can be solved by including constraints 
on the curve fitting routine.

Further researches are suggested in order to determine a 
maximum admissible limit between the multiple equations.
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