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ARTICLE INFO                          ABSTRACT 
 

Several hydrological models make use of surface runoff estimates, among which the soil water 
balance method developed by the Research Group on Water Resources of the Federal University 
of Viçosa stands out. This method, which is used in software for dimensioning terraces and other 
soil conservation structures, requires knowledge of the intensity-duration-frequency (IDF) 
equation in the site of interest. This note presents an adaptation of this method for the model of 
intense rainfall equation obtained by disaggregating daily rainfall. We used equations for 
estimating maximum average intensities and instantaneous intensities, and compared the IDF 
equation to the alternative generalized equation model in soils with basic infiltration rate of 10 
and 50 mm h-1. The results demonstrate that the equations presented in this article allow the use 
of the method of estimating the maximum surface runoff depth based on the surface water balance 
in places where the IDF equation is not available. 
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INTRODUCTION 
 
Runoff estimation is important in the simulation of various 
hydrological processes, such as for the generation of flood 
hydrographs, estimation of runoff volume, dimensioning of 
terraces.Pruski et al. (2001) highlight that several factors must 
be considered when designing drainage systems and protective 
constructions against floods and water erosion, with surface 
runoff being the main one. Lombardi Neto et al. (1994) state 
that the surface runoff rate is the most relevant parameter for 
designing level terraces, while the runoff volume is the most 
important factor for gradient terraces. Griebeler et al. (2001) 
point out that knowledge of the runoff volume is sufficient 
when the objective is to retain or store water, butwhen the 
purpose is to conduct excess water, it is more important to 
know the flow rate. One of the most used methods to estimate 
surface runoff is the Curve Number method (CN-SCS) 
developed by the National Resources Conservation Service 

 

 
(NRCS), formerly the United States Soil Conservation Service 
(SCS), linked to the United States Department of Agriculture 
(SCS-USDA). However, Pruski et al. (2001) observed that the 
CN-SCS method leads to increasing values of surface runoff 
with the increase in the duration of the rainfall event, which is 
not consistent with reality.Pruski et al. (1997) developed a 
method to determine the surface runoff volume in locations 
where the intense rainfall equation (intensity, duration, and 
frequency – IDF) is known. This method is used in software 
for dimensioning terraces (Pruski et al., 1996) and for 
calculating road drainage systems (Silva, 2011). When 
comparing surface runoff estimation methods, Pruski et al. 
(2001) concluded that the method proposed by Pruski et al. 
(1997) better described the decrease of surface runoff with the 
increase of the infiltration rate, also presenting surface runoff 
depths lower than those of the CN-SCS method for high soil 
water infiltration rates. Almeida et al. (2016) compared surface 
runoff estimates obtained with the CN-SCS method and with 
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the method of Pruski et al. (1997), concluding that the CN-
SCS method leads to overestimated surface runoff values. 
Intensity-duration-frequency (IDF) equations are determined 
based on short rainfall events, usually from 5 to 1,440 min. 
Thus, intense rainfall data recorded in rain gauges are needed. 
In several countries, including Brazil, rainfall data are 
relatively scarce. When available, these data usually do not 
correspond to very long series, besides showing flaws in the 
records. It is important to highlight that the analysis of rainfall 
data is very laborious, so there is a lack of IDF equations from 
updated data (Campos et al., 2014; Bielenki Júnior et al., 
2016). An alternative to overcome this lack of rainfall data is 
determining short rainfall events by disaggregating maximum 
daily rainfall, and then obtaining the IDF equation (Rangel and 
Hartwig, 2016). Among the disaggregation methods used in 
Brazil, the isozones method (Basso et al., 2016) and the 
method of rainfall-duration relationships (CETESB, 1986) 
stand out, the latter being the most used.Back (2020) presented 
a model of intense rainfall equation based on disaggregation of 
maximum daily rainfall. The author demonstrated that, in 
addition to improving estimates, this model has the advantages 
of facilitating the update only by changing maximum daily 
rainfall, also facilitating spatial representation.Thus, this study 
adapts the model developed by Pruski (1997) to estimate 
surface runoff, using the alternative model of intense rainfall 
equation based on disaggregation of maximum daily rainfall. 
 

METHODS 
 
Surface water balance method: Pruski et al. (1997) used a of 
surface water balance model to estimate the maximum surface 
runoff volume, described by the following equation: 
 
R = P - Ia - L – Ev (1) 
 
where: 
 
R = maximum surface runoff depth, mm; 
P = total rainfall, mm;  
Ia = initial abstractions, mm; 
L = soil water infiltration, mm; and 
Ev = evaporation, considered null, mm. 
 

The total rainfall, corresponding to the duration t, in min, 
obtained by the alternative intense rain equation, based on the 
breakdown of daily rain proposed by Back (2020), can be 
expressed by 
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where: 
 

P is the rainfall height, mm; 
Im is the rainfall intensity, mm h-1;  
t is the rainfall duration, min; and 
P1 day is the maximum daily rainfall, mm. 
 

Then the maximum average rainfall intensity (mm h-1), which 
is constant for a rainfall event with duration is given by: 
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Deriving equation 3 in relation to time, the equation is 
obtained to estimate the intensity of instantaneous precipitation 
(Ii), as follows: 
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Pruski et al. (1997) demonstrated that both Im and Ii decrease 
with increasing rainfall duration (t), with the maximum runoff 
(R) corresponding to the moment when Ii equals the soil water 
infiltration rate (Ti). For the equations developed by Back 
(2020) the duration of the rain in which the maximum runoff 
occurs can be obtained by solving equation 5 using numerical 
methods, such as the Newton-Raphson method: 
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In the water balance (equation 1) the initial abstractions (Ia) 
are calculated using the Soil Conservation Service method 
(SCS, 1972). Pruski et al. (1997) established the CN values 
according to the basic water infiltration rate (TIB) value.  
 
The time corresponding to the occurrence of the initial 
abstractions is obtained using the equation. 
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where: TIa is the time interval between the beginning of the 
rain and the beginning of the runoff, in minutes 
 
Accumulated infiltration is calculated using the equation 
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where Tinf is the duration of the infiltration (min), which is 
obtained using: 
 
Tinf = t – tia (8) 
 
Once the values of P, Ia and L for the duration of precipitation 
obtained by equation 5 are determined, the value of R is 
obtained by equation 1From equation (5), it can be concluded 
that for each soil condition, given by Ti, and for each 
hydrological condition, given by the local rainfall equation, 
there is a rainfall duration (t) that produces the maximum 
runoff (R), which is determined by equation (5). 
 
Application of methods 

 
For the application of the method, two conditions of soil water 
infiltration rate were considered (10 and 50 mm h-1, 
respectively) along with the data from the intense rainfall 
equation in Chapecó, SC (Back et al., 2019), where the IDF 
equation is given by: 
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For a 10-year return period, the alternative equation (Back, 
2020) is given by: 
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Two conditions of two conditions of water infiltration rate in 
the soil, respectively 10 and 50 mm h-1, were also considered. 
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Table 2. Results of the surface water balance calculated with the intensity-duration-frequency (IDF) 
 equation and with the alternative intense rainfall equation. 

 
Parameters of the surface water balance model Soil characteristic 

 BIRof 50 mm h-1 BIRof10 mm h-1 
IDF Equation Back (2020) Equation IDF Equation Back (2020) Equation 

Ia –Initial abstractions (mm) 3.24 3.24 1.57 1.57 
TIa– Rainfall duration to reach initial abstractions (min) 0.74 0.70 0.35 0.32 
t – Rainfall duration to reach maximum surface runoff (min) 27.0 29.1 184.6 175.7 
Im– Maximum average intensity (mm h-1) 106.7 105.7 32.0 34.1 
P – Rainfall height (mm) 48.1 51.2 98.4 99.8 
L – Infiltration depth (mm) 21.9 23.7 30.7 29.2 
R–Maximum surface runoff (mm) 22.9 24.3 66.2 69.1 

 

 
Figure 1. Maximum average intensity (Im) and instantaneous intensity (Ii) estimated with the intensity-duration-frequency (IDF) 

equation and the equation proposed by Back (2020) for Chapecó, SC, Brazil 
 

 
Figure 2. Total rainfall (P) and surface runoff depth (R) estimated with the intensity-duration-frequency (IDF) equation (in blue) 

and the equation proposed by Back (2020) (in red) for Chapecó, SC, Brazil, in soil with BIR of 50 mm h-1 

 
Figure 3. Total rainfall (P) and surface runoff depth (R) estimated with the intensity-duration-frequency (IDF) equation (in blue) 

and the equation proposed by Back (2020) (in red) for Chapecó, SC, Brazil, in soil with BIR of 10 mm h-1 
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RESULTS AND DISCUSSION 
 
Table 2 shows the values of the water balance parameters 
estimated with the two methods analyzed. The valuesof initial 
abstractions were 3.24 and 1.57 mm for soils with BIR of 50 
and 10 mm h-1, respectively. These values are relatively low 
due to the high CN-SCS values assumed in the method 
(respectively, 94 and 97) (Table 1). Thus, for the soil with BIR 
of 50 mm h-1, initial abstractions are reached with 0.70 
minutes, for both the IDF equation and the alternative 
equation. For the soil with BIR of 10 mm h-1, this duration is 
0.35 minutes when estimated with the IDF equation, and 0.32 
minutes when estimated with the alternative equation. It is 
noteworthy that IDF equations are usually adjusted for 
durations from 5 minutes, which is considered the shortest 
feasible duration to be obtained in rain gauge readings. Some 
authors adjusted IDF equations to durations equal to or greater 
than 10 minutes (Silva et al., 1999; Pinto, 1999; Freitas et al, 
2001; Silva et al., 2002, DAEE, 2018). Although the 
differences in the TIavalues obtained by the methods are small 
and the duration range hinders the estimation, the values have 
little influence on surface runoff depth estimation. For the soil 
with BIR of 50 mm h-1, the duration of the rainfall eventwith 
maximum surface runoff was estimated to be 27.0 minuteswith 
the IDF equation, and 29.1 minutes with the alternative 
equation. For the soil with BIR of 10 mm h-1, these values are, 
respectively, 184.6 and 175.7 minutes. The differences in the 
values obtained with the different intense rainfall equations are 
less than 10%. Back (2020) demonstrated that the proposed 
alternative model has the advantage of estimating rainfall 
intensity with a lower standard error of estimate than the IDF 
method.With the rainfall duration, the values of total rainfall 
heights, infiltration, and surface runoff are obtained. For the 
soil with BIR of 50 mm h-1, the estimated runoff depth was 
22.9 mm and 24.3 mm, respectively, for the IDF equation and 
the alternative equation.  
 
For the soil with BIR of 10 mm h-1, R values were 66.2 mm 
and 69.1 mm. Differences between infiltrationdepths were less 
than 7%. Figure 1 shows the variation of the maximum 
average intensity and the instantaneous rainfall intensity over 
the duration of the rainfall event, for each type of intense 
rainfall equation. As highlighted by Pruski et al. (1997),Imand 
Ii decrease with increasingrainfall duration. Moreover, the 
equation proposed by Back (2020) reproduces the 
characteristics of the IDF equation in such a way that the time 
differences for Ii to equal the BIR can be considered 
insignificant.Figure 2 shows the total rainfall heights and the 
surface runoff depth, estimated with the two models of intense 
rainfall equation in soil with BIR of 50 mm h-1. Total rainfall 
has increasing values while the surface runoff depth increases 
until reaching a maximum point, then starting to decrease. The 
value to be used is the maximum value (R). The equation 
proposed by Back (2020) has values similar to those obtained 
with the IDF equation. For soils with BIR of both 50 mm h-1 
and 10 mm h-1(Figure 3), the equation proposed by Back 
(2020) presented slightly higher values of P and R. However, 
these differences depend on the adjustment of the IDF 
equation, and may vary for other return periods and other IDF 
equations.Considering that the equation proposed by Back 
(2020) has better estimation precision than the IDF equation 
obtained by disaggregating intense rainfall events, it is 
reasonable to accept that the parameters of the surface water 
balance model are also estimated with greater precision. 

 

Conclusion 
 
The equations presented in this article allow the use of the 
method ofPruski et al. (1997) for estimating the maximum 
runoff depth based on the surface water balance in places 
where the intensity-duration-frequency (IDF) equation is not 
available.This adaptation presented here allows to expand the 
possibilities of applying the methodology for estimating 
surface runoff, with the advantages of the facility of updating 
information on the intensity of local rain and also of the 
precision in estimating intense rain. 
 

REFERENCES 
 
Almeida RA, Rosa DRQ, Ferreira RG (2016). Comparação 

entre diversas metodologias para a estimativa do 
escoamento superficial em uma pequena bacia 
hidrográfica. Revista Científica Vozes dos Vales, n.10, 
pp.1-20. 

Aragão R, Santana GR, Costa CEFF, CruzMAS, Figueiredo E 
E, Srinivasan V (2013). Chuvas intensas para o estado de 
Sergipe com base em dados desagregados de chuva 
diária. Revista Brasileira de Engenharia  Agrícola e 
Ambiental,  v.17, n.3, pp.243-252. 

Back ÁJ (2020). Alternative model of intense rainfall equation 
obtained from daily rainfall disaggregation. Brazilian 
Journal of Water Resources, v.25, e2. 

Back ÁJ,Wildner LP, Garcez JG (2019).Análise de chuvas 
intensas visando ao dimensionamento de estruturas de 
conservação do solo para a região de Chapecó, Santa 
Catarina, Revista Agropecuária Catarinense, 
Florianópolis, v.32, n.3, pp.95-100. 

Basso RE,Allasia D G,Tassi R,Pickbrenner K (2016). Revisão 
das isozonas de chuvas intensas do Brasil. Engenharia 
Sanitária e Ambiental, v.21, n.4. pp.635-641. 

Bielenki JúniorC, Barbassa AP, Miranda RB, Mauad 
FF(2016). Determinação de curva intensidade-duração-
frequência por meio do emprego do método paramétrico 
de ajustamento de observações. Revista Brasileira de 
Climatologia, v.19, pp. 146-167. 

CamposAR, Santos GG,Silva JBL, Irene FilhoJ, Loura DS 
(2014). Equações de intensidade-duração-frequência de 
chuvas intensas para o estado do Piauí. RevistaCiências 
Agronômicas, v.45, n.3, pp.488-498. 

Caviglione JH, Fidalski J, Araújo AG, Barbosa GMCV, 
Fuentes LlanilloR, Souto AR (2010). Espaçamentos entre 
terraços em plantio direto   Londrina: IAPAR, 59 p. il. – 
(IAPAR. Boletim técnico, 71). 

CETESB (1986). Drenagem urbana – manual de projeto. 3ª ed. 
São Paulo. . 464 p. 

CollischonnW, DornellesF (2013). Hidrologia para engenharia 
e ciências ambientais. Porto Alegre, Associação 
Brasileira de Recursos Hídricos (ABRH),  336p. 

Departamento de Águas e Energia Elétrica. Centro 
Tecnológico de Hidráulica e Recursos (2018)  Hídricos. 
Precipitações Intensas na Bacia do Alto Tietê. . 75p 

Freitas AJ, Silva DD, Pruski FF, Pinto FA, Pereira SB,Gomes 
Filho RR, Teixeira A F,Baena LGN, Mello LTA, Novaes 
LF (2001). Equações de chuvas intensas no Estado de 
Minas Gerais. Belo Horizonte: Companhia de 
Saneamento de Minas Gerais; Viçosa: Universidade 
Federal de Viçosa, 65 p. 

Griebeler NP, Pruski FF, Martins Júnior D, Silva DD (2001). 
Avaliação de um modelo para a estimativa da lâmina 

43073                 Álvaro José Bac et al., Surface runoff estimation based on the intense rainfall equation obtained by disaggregating daily rainfall 
 



máxima de escoamento superficial. Revista  Brasileira de 
Ciência do Solo, v. 25, pp.411-417. 

Huffman RL, Fangmeir DD, Elliot WJ, WorkmanSR (2013). 
Chap. 8. Terraces and vegetated waterways. In: Huffman 
RL, Fangmeir DD, Elliot WJ, Workman SR.Soil and 
Water Conservation Engineering, 7th ed., ASABE, St. 
Joseph, Michigan. 2013, p.171-198.  

Lombardi Neto F, Bellinazzi Jr R, Lepsch  IF, Oliveira JB, 
Bertolini D, Galeti PA, Drugowich MI (1994). 
Terraceamento agrícola. In: Lombardi Neto F, 
Drugowich PI. Manual técnico de manejo e conservação 
do solo e da água. Campinas: CECOR – CATI, . V.4, c.3, 
pp.1-34.  

Macedo JR,Capeche CL, Silva Melo A (2009). Recomendação 
de manejo e conservação do solo e água. Embrapa, 
Manual Técnico, 20. Niterói, 45p. 

Pinto, F.R. 1999. Equações de intensidade-duração-frequência 
da precipitação para os Estados do Rio de Janeiro e 
Espírito Santo: Estimativa e espacialização. Viçosa, 
UFV, . 70p 

Pruski FF,Griebeler  NP, SilvaDD (2001). Comparação entre 
dois métodos para a determinação do volume de 
escoamento superficial. Revista  Brasileira de Ciência do  
Solo, v.25, n.2, pp.403-410. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pruski FF, Ferreira PA, Ramos MM, Cecon PR (1997). Model 
to design level terraces. Journal of Irrigationand Drainage 
Engineering, v.123, pp.8-12. 

Pruski FF, Silva JMA, Calijuri ML, Bhering EM (1996). 
Terraços for Windows v.1.0. Dimensionamento e manejo 
de sistemas de conservação de solos e drenagem de 
superfície – Manual do usuário. Viçosa, Universidade 
Federal de Viçosa Departamento de Engenharia Agrícola,  
38p. 

Rangel EM, Hartwig MP (2016). Análises das curvas de 
intensidade-duração-frequência para acidade de Pelotas 
através de uma função de desagregação. Revista Thema, 
v.14, n.2, pp.63-77. 

Silva DD, Gomes Filho RR, Pruski FF, Pereira SB, Novaes L 
F (2002). Chuvas intensas no Estado da Bahia. Revista 
Brasileira de Engenharia Agrícola e Ambiental,  v.6, n.2, 
pp.362-367. 

Silva DP (2011). Modelo para dimensionamento de sistemas 
de drenagem de superfície em estradas não pavimentadas.  
Tese (Pós-Graduação em Engenharia Agrícola) – 
Universidade Federal de Viçosa, Viçosa. 

 
 
 

******* 

43074                                      International Journal of Development Research, Vol. 10, Issue, 12, pp. 43070-43074, December, 2020 
 


