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ABSTRACT: Temporal rainfall distribution is an important information for the preparation 
of the design hyetograph, directly influencing peak flow. This study analyzes the 

temporal rainfall distribution of Florianópolis city. We used rainfall data from 1986 to 
2012 obtained from the Brazilian National Meteorological Institute (INMET). Heavy 
rainfall events were classified and individualized, and intensities were determined at each 
5% interval of the duration. Rainfall was classified in Huff quartiles and identified by 
season and duration. Rainfall accumulation curves in the 10-90 percentiles were 
determined as well as 50% probability curves for each season and duration. The results 

showed that type I rainfall is the most frequent and that summer rains have a more 
anticipated pattern. Important differences were found between rainfall durations. The 

advance coefficient varies with rainfall duration, and averaged 0.389. 

KEYWORDS: Hyetograph; drainage; advance coefficient; design rainfall; Chicago 
method. 

CARACTERIZAÇÃO DA DISTRIBUIÇÃO TEMPORAL DE CHUVAS PARA FLORIANÓPOLIS, 
SANTA CATARINA, BRASIL 

RESUMO: A distribuição temporal da chuva é uma informação importante para a 
elaboração do hietograma de projeto, influenciando diretamente a vazão de pico. O 
trabalho teve como objetivo analisar a distribuição temporal de chuvas de Florianópolis. 
Foram usados dados pluviográficos do período de 1986 a 2012 da estação meteorológica 
do Instituto Nacional de Meteorologia (INMET). As chuvas intensas foram classificadas e 
individualizadas, determinando-se as intensidades a cada intervalo de 5 % da duração. 

As chuvas foram classificadas nos quartis de Huff, e identificadas por estação do ano e 

faixa de duração. Foram estabelecidas as curvas acumuladas nos percentis de 10 a 90% 
e também as curvas com 50% de probabilidades para cada estação do ano e faixa de 
duração. Os resultados mostraram que as chuvas do tipo I são as mais frequentes e que 
as chuvas de verão têm padrão mais antecipado que as demais estações. Foram 
constatadas diferenças importantes ente as faixas de duração. O coeficiente de avanço 
varia com a faixa de duração e apresentou valor médio de 0,389. 

PALAVRAS-CHAVE: Hietograma; drenagem; coeficiente de avanço; chuva de projeto; 
método Chicago. 

INTRODUCTION 

Drainage projects are usually carried out in sites with measured data of 

extreme flows. In this context, hydrological modeling is used to estimate flows 

and/or drainage volume (ABREU et al., 2017). This modeling requires 

determining the design rainfall, which is characterized by rainfall intensity, 
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duration, frequency, and distribution over time, thus defining the design 

hyetograph. 

Rainfall Intensity-Duration-Frequency relationships can be determined 

from the analysis of local data, and are generally established by IDF equations. 

There is a large number of studies, conducted in Brazil and abroad, determining 

IDF equations (PEREIRA et al., 2017; EL-SAYED, 2018; DIAS and PENNER, 

2019). 

Temporal rainfall distribution, which defines the shape of the hyetograph, 

is an important input parameter in the rainfall-flow models used in the design of 

hydraulic works (CHOI et al., 2014; ABREU et al., 2018). Canholi (2005) points 

out that temporal rainfall distribution comprises a major problem for the 

hydrologist, since for each distribution there are different hydrographs. 

Moreover, the São Paulo Rainwater Drainage and Management Manual (São 

Paulo, 2012) highlights that the type of temporal distribution of the design 

rainfall and the fixing of the duration are subject to several methodological 

guidelines, resulting in maximum discharges and flood volumes that can be 

quite disparate. 

The influence of the pattern of temporal rainfall distribution on soil 

erosion is evidenced in several studies (SANTOS and MONTENEGRO, 2012; 

EVANGELISTA et al., 2016; PAN et al., 2017; BEZAK et al., 2018; NA and YOO, 

2018; BALBASTRE-SOLDEVILA et al., 2019). Monteiro and Kobiyama (2014) 

showed that different patterns of temporal rainfall distribution resulted in a 

relevant variation in peak flow in the flooded zone. Abreu et al. (2018) showed 

that changing the method of temporal rainfall distribution led to differences of 

up to 46% in peak flow and 57% in flood spots. 

The literature points to several methods for determining design 

hyetographs. The most important ones define a standard curve of temporal 

distribution and a standard hyetograph shape. The temporal distribution curve 

method is more used, with the advantage of being based on the statistical 

analysis of observed rainfall patterns (PRODANOVIC and SIMONOVOC, 2004; 

YIN et al., 2016; EL-SAYED, 2018). 

Using data from 261 rainfall events with minimum intensity of 12.7 mm 

and duration from 3 to 48 hours, Huff (1967) presented curves for the 10-90 

percentiles, including median curves (50 percentile). To represent the various 

regions of the USA, the Natural Resources Conservation Service (NRCS, 1986) 

developed four synthetic distributions of 24-hour rainfall (I, IA, II, and III). This 

method was used in Atlas 14 to estimate the design rainfall for eleven different 

regions. 

Among the methods that define the hyetograph shape, the alternating 

block method, the triangular hyetograph method, and the Chicago method stand 

out. These methods have the advantage of being used in conjunction with the 

IDF equation. However, some authors have criticized the choice of these 

methods, as they do not actually represent the patterns observed in historical 

rainfall events, besides not being based on local observations (PAN et al., 2017; 

BALBASTRE-SOLDEVILA et al., 2019). In this regard, the Chicago method 

(WEESAKUL et al., 2017) has the advantage of including the advance coefficient 

to establish the position of the peak time of the hyetograph (SILVEIRA, 2016). 

Canholi (2005) states that the Chicago method has been widely used, as it 
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derives from local IDF relationships. The comparison of the maximum flow rates 

estimated from the Chicago method with observed data showed good 

agreement of this method with peak flow (WEESAKUL et al., 2017). 

In Brazil, given the lack of local information on the temporal distribution 

of heavy rainfall, it is generally recommended to use uniform distribution or to 

adopt relationships obtained in other countries (CRUCIANI et al., 2002). Some 

authors point out similarities between rainfall events observed in Brazil and in 

the United States to indicate type II rainfall (MARCELLINI, 1993; TUCCI, 2012). 

Notwithstanding, studies conducted in several countries show that significant 

differences between temporal distribution curves justify the need for local 

information (AZLI and RAO, 2010; EWEA et al., 2016; GHASSABI et al., 12016; 

Yin et al, 2016; PAN et al., 2017; EL-SAYED, 2018). 

This study analyzes the temporal variation of heavy rainfall in 

Florianópolis city, Santa Catarina State, and relates temporal distribution with 

rainfall duration and season. According to Herrmann et al. (2007), Florianópolis 

is among the cities of Santa Catarina State with the highest frequency of 

landslides due to flooding from heavy rainfall. 

 

MATERIALS AND METHODS 

Rainfall records from 1986 to 2012 of the meteorological station of 

Florianópolis - SC (Figure 1), belonging to the monitoring network of the 

National Institute of Meteorology (INMET), code 83897 (27º60’25’’ S latitude, 

48º62’03’’ W longitude, altitude of 5 m), were used. Although called 

Florianópolis, the station currently belongs to the Municipality of São José, 

bordering Florianopolis. According to the Köppen classification, the climate of 

the region is type Cfa (ALVARES et al., 2013), temperate, constantly humid, 

without dry season, with hot summer (average temperature of the hottest 

month > 22.0 oC). According to Epagri (1999), the climate is mild mesothermal 

(temperature of the coldest month between 15.1 and 16.0 °C). Total annual 

rainfall ranges from 1,270 to 1,600 mm, with 140 to 158 total annual rainy 

days. Despite the good rainfall distribution throughout the year, the highest 

volumes occur in the summer, followed by the spring (NIMER, 1979; GRIMM, 

1998). 
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Figure 1 - Location of Florianópolis city (highlighted in yellow) and rain station (red 
point). 

Rainfall records were digitized and stored in digital media. A Delphi 

routine was developed to manipulate data files and to select and classify heavy 

rainfall events.  The procedure used can be described in six steps. The first step 

consisted of individualizing rainfall events using the criterion proposed by 

Wischmeier and Smith (1958). This criterion considers as an individual rainfall 

event that which is separated from the previous and the subsequent rainfall 

event for a minimum period of 6 hours without rainfall or with rainfall less than 

1.0 mm. 

The end of the rainfall event was determined according to the criterion 

proposed by Powell et al. (2007), who established the intensity of 0.51 mm/h to 

mark the end of rainfall. This criterion seeks to avoid very long events with little 

intensity. 

The second step consisted of selecting heavy rainfall events to be 

analyzed. For that, we used the criterion established by Molin et al. (1996), 

which considers all rainfall events with intensity equal to or greater than the 

minimum rainfall (Rmin), estimated by: 

            
                                                                                      (1) 

where:  

Rmin is the minimum rainfall (mm); 

D is the rainfall duration (minutes). 

The third step consisted of determining rainfall height and intensity at 

each interval corresponding to 5% of the duration. 

The fourth step was the classification of rainfall in four types, as defined 

by Huff (1967), determining rainfall amounts in the four quartiles of the 

duration. Thus, rainfall is classified as type I if the maximum rainfall height 

occurs in the first 25% of the total duration; type II if it occurs between 25 and 
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50% of the duration; type III between 50 and 75%; and type IV in the last 25% 

of the total duration. 

In the fifth step, accumulated rainfall percentages were obtained for the 

10-90 percentiles (P10-P90). To obtain the rainfall values in the percentages 

defined above, linear interpolation of rainfall events was performed between the 

previous and the next percentile. 

In the sixth step, we calculated the advance coefficient or peak factor (r), 

determining the duration interval with the highest rainfall intensity, according to 

Table 1. For rainfall events with equal values of maximum intensity in two or 

more intervals, the advance coefficient was calculated by averaging the 

respective values. 

Data analysis on temporal rainfall distribution and advance coefficient 

considered rainfall events by season and duration. Events were divided into 

durations of up to 6 hours, from 6 to 12 hours, from 12 to 24 hours, and longer 

than 24 hours. Seasons were defined as follows: January to March (summer); 

April to June (autumn); July to September (winter); and October to December 

(spring). 

Table 1 - Rainfall intervals considered and their advance coefficient. 

Interval Duration (%) Advance coefficient - r 

1 5 0.025 

2 10 0.075 

3 15 0.125 

4 20 0.175 

5 25 0.225 

6 30 0.275 

7 35 0.325 

8 40 0.375 

9 45 0.425 

10 50 0.475 

11 55 0.525 

12 60 0.575 

13 65 0.625 

14 70 0.675 

15 75 0.725 

16 80 0.775 

17 85 0.825 

18 90 0.875 

19 95 0.925 

20 100 0.975 

 

 

RESULTS AND DISCUSSION 

According to the established criteria, 817 heavy rainfall events were 

selected in a period of 27 years. Type I rainfall predominated (39.9%), followed, 
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respectively, by type II (31.0%), type III (15.7%), and type IV rainfall (13.5%) 

(Table 2). These results are in line with those observed for other locations in 

Santa Catarina State, such as Urussanga (BACK, 2011) and Chapecó (BACK et 

al., 2015). In Caçador city, type II rainfall predominated, followed by type III 

(BACK, 2012). 

Table 2 - Relative frequency (%) of heavy rainfall events by type and season in 
Florianópolis city (SC), in the period of 1986 to 2012. 

Type 
Season of the year 

Total 
Summer Autumn Winter Spring 

I 45.1 18.1 16.0 20.9 39.9 

II 28.9 16.6 24.5 30.0 31.0 

III 39.1 15.6 20.3 25.0 15.7 

IV 18.2 20.0 25.5 36.4 13.5 

Total 35.5 17.5 20.6 26.4 100.0 

 

Using the criterion in which erosive rainfall events are classified according 

to the temporal distribution in advanced, intermediate, and delayed patterns, 

Back and Poleto (2019) showed that advanced patterns predominate in the 

eleven rainfall stations in Santa Catarina State. These stations are located in the 

municipalities of  Chapecó, Urussanga, Campos Novos, Florianópolis, Videira, 

Caçador, Lages, Itá, São Miguel do Oeste, Ponte Serrada and Porto União. 

Analyzing rainfall data from Pelotas city (RS), Molin et al. (1996) also 

observed the predominance of type I rainfall (44.0%), followed by type III 

(21.1%), type II (19.8%), and type IV rainfall (15.1%). Moreover, analyzing 

heavy rainfall data from Piracicaba city (SP), Sentelhas et al. (1998) and 

Cruciani et al. (2002) concluded that the most frequent rainfall events are those 

that occur in the first interval, which corresponds to the rainfall classified by Huff 

as type I. 

In the conditions of western United States, Huff (1967) found a higher 

frequency (36%) of type II rainfall, followed by type I (30%), type III (19%), 

and type IV rainfall (15%). Due to the lack of studies in Brazil, some authors 

(TUCCI, 2012; MARCELLINI, 1994) justify the use of type II curves. The 

Municipal Secretariat of Urban Development of São Paulo (São Paulo, 2012) 

points out that drainage projects of urban watersheds mostly use data of rainfall 

events lasting two or three hours and with type I distribution according to the 

alternating block method or Huff method. Rainfall events lasting six hours and 

with type II distribution according to the alternating block method or Huff 

method are considered only for watersheds with areas greater than 100 km2. 

However, the data observed in Santa Catarina State point to the use of type I 

rainfall distribution. It is noteworthy that, although type III and type IV rainfall 

events were less frequent, they account for higher peak flows (DNIT, 2005). 

Regarding seasonal variation, it appears that heavy rainfall events in 

Florianópolis city predominate in the summer (35.5%), followed by spring 

(26.4%), and are less frequent in the fall (17.5%). Urussanga city, located on 

the coast south of the state, also showed a higher frequency (39.2%) of rainfall 

events in the summer (BACK, 2001). Teixeira and Satyamurty (2007) observed 

that heavy rainfall events on the coast of Santa Catarina State are more 

frequent in the summer.  
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In the Florianóplis region, Rodrigues et al. (2011) and Rodrigues (2015) 

found a greater number of heavy rainfall events between November and March 

(summer and spring), with February being the month with the highest number 

of records. According to these authors, such events are associated with the 

amount of moisture transported from the maritime area towards the Santa 

Catarina coast, which is also mentioned by Grimm (2009) as a factor 

contributing to heavy rainfall in the region. The passage of cold fronts is 

observed every month (RODRIGUES et al., 2004), which results in good annual 

rainfall distribution. Nevertheless, it is mainly in autumn and winter that these 

systems favor rainfall events on the coast, in general with more prolonged 

duration and less intensity than those observed during summer and spring. This 

rainfall characteristic justifies the more approximate frequency values in the 

autumn and winter months, among the four types in Table 2. 

Type I and III rainfall events occur more frequently in the summer. In 

turn, type II and IV rainfall events occur more frequently in the spring. These 

frequencies stand out with values equal to and above 30%. In summer and late 

spring, in addition to convective rains - of short duration and high intensity, 

associated with daytime heating -, Florianópolis has heavy rainfall events 

associated with the transport of maritime moisture, as studied by Rodrigues 

(2015) and Rodrigues and Ynoue (2016). These authors show a rainfall 

persistence in this region over hours, with high peaks that can reach 40 to 60 

mm h-1. 

Analyzing the type and duration of heavy rainfall events (Table 3), it is 

observed that type I rainfall predominates in events less than 12 hours. For 

events lasting 12 to 24 hours, the frequency of type I rainfall is slightly higher 

than that of type II, both being high. Type II rainfall predominates in events 

over 24 hours, while the other types differ by less than 2%. Similar results were 

obtained by Yin et al. (2016), who analyzed the temporal distribution of heavy 

rainfall based on data from 18 meteorological stations in China. The authors 

concluded that the frequencies of type I, II, III, and IV rainfall are, respectively, 

38.3%, 26.8%, 22.4%, and 12.5%. They also identified that the proportion of 

type I rainfall was lower for long events, where the proportion of quartiles III 

and IV was higher, as observed for Florianópolis city (Table 3). 

This finding corroborates the observations of Zahed Filho and Marcellini 

(1995), who state that for short rainfall events (less than ten hours), the 

hyetograph is usually represented by greater intensities in the first half of the 

duration, while in long rainfall events (more than ten hours) the hyetograph 

shows more uniform intensities. 

Occhipinti (1989) makes a good differentiation between convective 

rainfall (from daytime heating) and frontal rainfall. According to the author, the 

first occurs in the form of localized rain showers, a name used to characterize its 

strong intensity in a short period, which usually occurs in the initial phase, 

diminishing in the following hours. In turn, frontal rainfall covers large areas and 

has a more uniform distribution over a long period. Cold fronts in southern Brazil 

move rapidly in the summer, initially causing heavy rain showers, followed by 

less intense rainfall (SEVERO, 1994; ANDRADE, 2005; CAVALCANTI and 

KOUSKY, 2009; ESCOBAR et al., 2016). Stationary systems acting over 24 

hours generally produce less intense but continuous rainfall, which can result in 
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high accumulations. According to Rodrigues et al. (2004), cold fronts move 

along the coast of Santa Catarina in an average period of 24 hours. 

Another rainfall type characteristic of Florianópolis city is that associated 

with the transport of moisture from the ocean. According to Rodrigues (2015), 

this rainfall type generally persists between 12 and 24 hours. When its duration 

is longer (maximum of three days), rainfall is better distributed over time and 

with less high peaks, as seen in frontal systems. 

Table 3 shows that, in the period less than 6 hours, heavy convective 

rainfall is the least frequent in Florianópolis city (9.2%). Its frequencies do not 

differ much for the other duration classes, with values slightly higher for 

durations over 12 hours (32.2% and 31.1%). Type I and II rainfall, which 

account for 70% of the events, are much more frequent, respectively, in the 

intervals from 6 to 24 hours and above 12 hours, which represent both frontal 

and coastal rainfall. 

Table 3- Relative frequency of heavy rainfall events by duration, as observed in 
Florianópolis city (SC) from 1986 to 2012. 

Rainfall type 

Duration classes  

<6 h 6 -12 h 12-24 h > 24 h Total 

I 5.9 13.7 12.5 7.8 39.9 

II 1.8 7.2 10.5 11.4 31.0 

III 0.9 3.9 4.8 6.1 15.7 

IV 0.6 2.7 4.4 5.8 13.5 

Total (%) 9.2 27.5 32.2 31.1 100.0 

 

Table 4 shows the relative frequencies of heavy rainfall by duration and 

season. It is observed that rainfall events less than 12 hours occur 

predominantly in the summer, characterizing convective rainfall (<6h) or rapid 

passage of cold fronts (6-12h). Rainfall events over 12 hours are more 

homogeneously distributed between the seasons, with slightly lower values 

observed in the fall. Rainfall events over 12 hours predominate in all seasons 

except summer. These seasonal differences are more important for system 

management, urban drainage, and especially land drainage and cover. However, 

dimensioning considers maximum annual events, thus disregarding seasonality. 

Table 4 - Frequency of heavy rainfall events by season and duration, as observed in 

Florianópolis city from 1986 to 2012. 

 Duration classes  

Season <6 h 6 -12 h 12-24 h > 24 h Total 

Summer 4.9 13.2 8.4 8.9 35.5 

Autumn 1.2 3.5 7.0 5.8 17.5 

Winter 1.2 3.9 7.5 8.0 20.6 

Spring 1.8 6.9 9.3 8.4 26.4 

Total 9.2 27.5 32.2 31.1 100.0 

 

Figures 2 to 5 show the accumulated probability curves for heavy rainfall 

events classified as type I to IV, respectively. With these defined rainfall 

patterns, the designer can select one of the temporal distribution curves to 

determine rainfall and dimension the drainage project. The methodology 
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normally used in drainage projects to obtain temporal rainfall distribution 

considers the curve with 50% probability (P50). Table 5 shows with these values 

for type I to IV rainfall. 

Figure 6 shows temporal distribution curves by season. The rainfall 

pattern differs in the summer, with higher concentration at the beginning of the 

event. Thus, for a duration equivalent to 20% of the total duration, we have 

32% of the total rainfall in the summer, and 17 to 20% of the total rainfall in 

the other seasons. For rainfall concentration, the other seasons differ by less 

than 5%. 

. 

Figure 2 - Patterns of temporal distribution of type I rainfall for Florianópolis city (SC) 
from 1986 to 2012. 

 

.  

Figure 3 - Patterns of temporal distribution of type II rainfall for Florianópolis city (SC) 

from 1986 to 2012. 
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Figure 4 - Patterns of temporal distribution of type III rainfall for Florianópolis city (SC) 
from 1986 to 2012. 

.  

Figure 5 - Patterns of temporal distribution of type IV rainfall for Florianópolis city (SC) 

from 1986 to 2012. 
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Figure 6 - Pattern of temporal rainfall distribution with 50% probability, by season, for 
Florianópolis city (SC) from 1986 to 2012. 

Figure 7 shows heavy rainfall distribution curves by duration. Shorter 

rainfall events have a more advanced pattern, and distribution tends to be more 

uniform as the rainfall duration increases. For rainfall events less than 6 hours, 

the duration equivalent to 20% of the total duration corresponds to 49.4% of 

the total rainfall. For events of 6-12 hours, 12-24 hours, and over 24 hours, 

these values are, respectively, 29.5%, 20.4%, and 17.2%. This shows a 

significant variation in temporal rainfall distribution according to rainfall 

duration. 

DNIT (2005) states that for events less than 12 hours, the rainfall peak is 

usually observed in the first half of the total duration, which is not the case in 

most of the longer-lasting storms. In the case of Florianópolis city, for rainfall 

events up to 6 hours, the first half of the duration accounts for 87.1% of the 

total rainfall. For rainfall events of 6-12 hours and 12-24 hours, the first half of 

the duration accounts for 79% and 63.9% of the total rainfall, respectively. For 

rainfall events over 24 hours, there is a more uniform distribution, with 50% of 

the total rainfall in the first half of the duration and 50% in the second half. 

Furthermore, Powell et al. (2007) question the use of Huff curves 

established without defining the duration. According to these authors, its use for 

other durations assumes that events of any duration have the same pattern of 

temporal distribution, highlighting that the validity of this assumption is 

questionable, as it is widely believed that short and long duration events behave 

differently. 

Thus, rainfall duration is important in the definition of the design 

hyetograph. The curves established by Huff (1967) were not differentiated by 

duration. In turn, SCS (1986) and Wisner (1970) showed different temporal 

variation curves according to rainfall duration. 
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Figure 7 - Pattern of temporal rainfall distribution with 50% probability, by season, for 
Florianópolis city (SC). 

 

Table 5 shows the accumulated rainfall values (%) as a function of 

duration (%) for rainfall events with 50% probability (P50) according to the 

rainfall types defined by Huff (1967) and the duration range. In this way, by 

considering rainfall duration, the designer can select the design hyetograph 

more appropriately. Application of these data in the estimation of the design 

rainfall hyetrograph allows obtaining more representative local values for the 

region of Florianópolis city, Santa Catarina State. 
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Table 5 - Pattern of temporal rainfall distribution with 50% probability, by rainfall 
duration, in Florianópolis city, Santa Catarina State. 

Duration 
(%) 

Rainfall type Rainfall duration 

Type I Type II Type III Type IV < 6 h 6-12 h 12-24 h >24 h 

5 13.9 2.1 2.1 1.4 10.8 4.2 4.2 3.0 

10 33.6 5.2 3.3 2.7 24.6 9.5 8.4 7.1 

15 46.6 8.1 5.0 5.5 38.5 23.3 13.9 10.8 

20 58.2 12.0 6.5 8.3 49.4 29.5 20.4 17.2 

25 66.6 16.8 7.7 10.8 62.8 38.3 26.4 23.4 

30 73.9 25.8 10.5 13.7 70.1 47.6 33.3 28.7 

35 78.4 35.4 12.0 14.7 75.2 57.8 41.4 33.8 

40 80.9 46.9 13.5 16.6 80.8 64.5 50.7 40.3 

45 84.8 56.0 17.9 21.5 82.6 72.1 55.6 44.0 

50 87.2 65.2 22.3 25.4 87.1 79.0 63.9 50.3 

55 89.5 74.2 29.5 27.9 91.1 82.3 68.6 60.9 

60 91.6 80.6 40.8 32.9 93.0 87.4 78.3 65.1 

65 93.1 85.9 59.3 35.2 94.7 92.4 83.1 74.4 

70 94.9 90.7 76.2 41.4 96.2 93.7 87.1 80.7 

75 96.1 93.2 86.9 47.2 97.4 95.6 90.8 85.1 

80 97.2 95.3 92.4 55.4 97.9 96.9 93.4 90.7 

85 98.5 97.0 95.9 71.3 98.5 98.3 95.8 95.3 

90 99.3 98.9 98.6 85.1 99.1 99.2 97.9 98.0 

95 99.7 99.6 99.6 96.0 99.6 99.6 99.5 99.4 

100 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

 

Figure 8 shows the frequencies of maximum rainfall events in the 

different duration intervals. It is observed that 15.4% of the analyzed heavy 

rainfall events occur in the range of 0 to 5% of the duration, whereas the range 

of 95 to 100% of the duration accounts for only 2.05% of these events. This 

shows the asymmetry of the distribution, indicating that the advance coefficient 

is less than 0.5. 
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Figure 8- Frequencies of maximum rainfall events in the different duration intervals for 
Florianópolis city, Santa Catarina State. 

Table 6 shows the average values of the advance coefficient for 

Florianópolis city to be applied in the preparation of the hyetograph by the 

Chicago method. For Florianópolis city, the average advance coefficient was 

0.389. In Brazil, there are limited studies addressing local values of the advance 

coefficient. Tucci (2012) cites an advance coefficient of 0.44 for Porto Alegre city 

and 0.36 for São Paulo city, without indicating any further details of the data 

period used. Chow et al. (1988) cite advance coefficients ranging from 0.294 to 

0.48 for different locations in the USA. 

Table 6 - Advance coefficient of rainfall events in Florianólis city (SC). 

Season 

Rainfall duration classes  

<6 h 6 -12 h 12-24 h > 24 h Total 

Summer 0.235 0.286 0.366 0.451 0.339 

Autumn 0.223 0.306 0.382 0.476 0.386 

Winter 0.188 0.402 0.401 0.505 0.429 

Spring 0.290 0.354 0.440 0.504 0.428 

Total 0.238 0.322 0.399 0.484 0.389 

 

For Florianópolis city, the advance coefficient varies largely as a function 

of rainfall duration. For rainfall events less than 6 hours, the advance coefficient 

is 0.238; for rainfall events over 24 hours, the advance coefficient is 0.484. 

Likewise, lower values are observed in the summer, averaging 0.338; in the 

autumn, the advance coefficient is 0.389. In winter and spring, the values are 

approximately equal to 0.43, and rainfall events over 24 hours in these seasons 

have a delay coefficient of around 0.5, indicating that the peak occurs in the 

middle of the event. In these cases, the hyetograph approaches a triangular or 

alternating block shape. 
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The determination of the advance coefficient is important in the 

preparation of the hyetograph, since it allows to establish a more realistic shape 

according to the rainfall events observed in the studied site. In the case of 

Florianópolis city, using the advance coefficient in the preparation of the 

hyetograph for short rainfall events should lead to better results than using 

alternating block or triangular hyetographs. 

 

CONCLUSION 

Based on the analysis of rainfall data from Florianópolis city, Santa 

Catarina State, the following conclusions can be drawn: 

1) The most frequent heavy rainfall events are type I (39.9%), followed by 

type II (31.0%), type III (15.7%), and type IV (13.5%); 

2) Heavy rainfall events are more frequent in the summer (35.5%) and spring 

(26.4%), and less frequent in the autumn (17.5%); 

3) Rainfall events less than 12 hours predominate in the summer, and longer 

events have a uniform seasonal distribution; 

4) The temporal distribution of heavy rainfall events differs in the summer, with 

higher concentration at the beginning of events; 

5) Marked differences were observed in the temporal distribution curves of 

rainfall events of different durations, in which shorter rainfall events have a 

more advanced distribution; 

6) The average advance coefficient was 0.385, varying largely as a function of 

rainfall duration. Rainfall events less than 6 hours have an advance coefficient of 

0.238, and rainfall events over 24 hours have an advance coefficient of 0.484. 
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