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 

Abstract: Extreme rainfall amount at various return periods is 

one of the key inputs in the design of various hydraulic structures. 

In order to reduce damages that may arise due to extreme rainfall, 

it is very important to estimate accurately by a suitable probability 

distribution. Gumbel and Gamma distributions are widely applied 

to fit the extreme rainfall events. In the present work, an attempt is 

made to find maximum rainfall that could occur at various return 

periods, (10, 20, 50, 75, 100 and 200 years) for Tiruchirappalli city 

located in India.  The rainfall data starting from the year 1904 to 

2010 is used to predict extreme rainfall. Akaike Information 

Criteria (AIC) and Bayesian information criteria (BIC) were 

employed to determine the best probability distribution for rainfall 

data belongs to Tiruchirappalli station. 

 
Keywords : Extreme rainfall, hydraulic structures, 

probability distribution  

I. INTRODUCTION 

Extreme rainfall events cause severe damages to the Civil 

and Electrical Engineering infrastructures apart from 

agricultural activities and loss of life. Frequency analysis 

(FA) is considered as an important aspect of hydrology, which 

uses the past records to deduce the future probabilities of 

occurrence of hydrological events. By using probability 

distribution, FA relates magnitude of the event with its 

frequency of occurrence of the extreme events. In FA, an 

hourly, daily, seasonal, or annual observation of hydrological 

variables has been used for prediction of extreme event. The 

different forms of hydrological data used for FA are: 

Complete Duration Series (CDS) in which all the records of 

daily, monthly or annual data considered for analysis.  

 

A data series consisting of the largest or smallest annual 

values is termed as Annual Maximum (or minimum) Series 

(AMS). It is very important to carry out frequency analysis of 

extreme events for better decision making to manage water 

resources. The Prime objective of the FA is to establish the 

relationship between the magnitude of extreme events and 

their frequency of occurrence using appropriate probability 

distributions [1]. Many study focused general aspect of 

frequency analysis: Bobee and Ashhar [2], McCuen [3], and 

Stedinger et al. [4]. Guhathakutra et al.,[5] and carried out the 

frequency analysis of rainy days, heavy rainfall days and also 

one-day extreme rainfall to ascertain any change in the 
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regional climate change or impact of climatic changes on 

extreme weather condition of drought and flood risks in India. 

Khan et al., [6] investigated daily and weekly rainfall 

extremes in South America to determine the spatial and 

temporal variability. 

  

In the present work, Complete Duration Series (CDS) is 

used to spot the frequency of extreme rainfall for 

Tiruchirappalli located in India is determined using Gumbel 

and Gamma distributions. An estimate is made for 10, 20, 30, 

50, 75, 100 and 200 years return period for one day, two-day, 

three-day, four-day and five-day rainfall data. AIC and BIC 

methods are used to ascertain the best fit distribution for case 

study data.  

II. GUMBEL DISTRIBUTION 

In water resource engineering, extreme value of rainfall, 

flood etc., which occur rarely has been considered as a 

important design parameter for water resource project. This is 

particularly true when considering the natural hazards like 

maximum flood levels in the life span of a bridge.  Hence, for 

safe hydrological design the initial step to analyze the 

hydrological data by choosing the best frequency distribution 

method.  Among other distribution methods, the most often 

method used for modeling of an annual rainfall series is the 

Gumbel distribution (GD) method. Common distribution 

method known as Gumbel distribution, which is also known 

as the type 1 extreme value distribution, has been applied to 

the analysis of rainfall extremes values (Gumbel, [7]; 

Koutsoyiannis, [8]).  It is used for the probability distribution 

of extreme value in hydrologic studies for prediction of flood 

peak, maximum rainfall, etc. Wilks [9] indicated that the GD 

underestimates the extreme rainfall amounts. Sheng Yue [10] 

used Gumbel mixed model to analyze the joint distribution of 

correlated maximum rainfall intensity. 

 

This distribution results from the underlying assumption 

that the elements of a random sample follow an exponential 

distribution. The cumulative distribution function for the 

exponential distribution is shown below. 
xexF 1)(               (1) 

Then from the marginal distribution for the maximum value 

of the random sample which equals to 

 nxFxFx )()(max                (2) 

 

which results in,   

  

 nxexFx  1)(max   

         (3) 
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The corresponding probability density function would be 
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If any random variable X follows Weibull distribution then 

the log X follows type 1 extreme value distribution known as 

the Gumbel distribution. 

 

III. GAMMA DISTRIBUTION 

Gamma distribution has several applications in many 

engineering fields; one of the applications in civil engineering 

is in rainfall modelling. In general, hydrological variables are 

of the continuous type, they are discretized and used as a 

discrete series. It is usually assumed that a hydrological 

variable has a certain distribution type. The distribution 

methods such as Normal, Log-normal, Gamma, Gumbel, and 

Weibull are considered as a common method used in 

hydrological frequency analysis. The normal and log-normal 

distributions generally fit the annual flows of rivers.  It is to be 

noted that rainfall and runoff are always positive value and the 

gamma distribution has a merit of having only positive values 

[11]. Use of Gumbel and Weibull distributions for extreme 

values either maxima or minima of hydrological variables are 

very common. The Gumbel distribution is commonly adopted 

in the frequency analysis of floods (Gumbel,[7]) and the 

Weibull distribution find its place in the analysis of low flow 

observed in rivers (Bulu and Aksoy, [12]). Yevjevich [13] 

presented very detailed information about Gamma 

distribution. Among different type of Gamma distribution 

function, 2- and 3- parameter Gamma distribution functions 

are generally used for frequency analysis compared to 

1-parameter Gamma distribution function.  It is rarely 

adopted 1- parameter Gamma distribution function  in fitting 

to frequency distributions of extreme events due to its 

inflexibility condition. The Gamma distribution was also 

found to be best one in case of monthly rainfall of arid regions 

(Sen and Eljadid, [14]). It is general considered that the 

Gamma distribution is a good choice for rainfall data for 

several reasons. Since left tail of distribution is bounded zero,  

Gamma distribution  is considered as best distribution for 

precipitation  data (Thom, [15]; Wilks, [16]). 

 

The cumulativee probability using Gamma distribution is 

found as follows: 
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where α - the shape parameter, β - the scale parameter, x - the 

precipitation value and τ(α) – Gamma function. 

 

IV. AIC AND BIC ESTIMATORS 

Akaike Information Criteria (AIC) and Bayesian 

Information Criteria (BIC) are the two estimators available to 

assess the relative quality of the various statistical models for 

a given set of information.  Both the criterions are very similar 

in the form, but BIC varies in terms of penalty assigned for the 

number of parameters. Basically, AIC follows information 

theory, whereas BIC adopt asymptotic approximation. In the 

present study, Gumbel and Gamma distributions are used to 

evaluate rainfall amount for different return periods. Using 

both AIC and BIC methods, best fitting model was identified 

for rainfall of the study area.  Model having least value of 

either AIC or BIC is considered as best model.  

 

The AIC is expressed as kLAIC 2)ln(2    in which k is 

the number of model parameters and ln (L) is the 

log-likelihood function for the statistical model. With the 

second order correction AIC is defined as follows for smaller 

data sets as follows: 
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where N is the data sample size. The BIC is defined as:   

)ln(2)ln( LkNBIC               (9) 

V. STUDY AREA 

The area taken into consideration for the study is 

Tiruchirapalli city, which is situated in central south-eastern 

India, nearly at the geographic centre of the state of Tamil 

Nadu has a latitude and longitude of 10.7905
0
N and 

78.7047
0
E respectively. It is one of the most fertile regions of 

the state. The rain gauge situated at the station recorded an 

average annual rainfall of 841.90 mm, slightly less than the 

state average of 945.00 mm. Tamil Nadu state receives most 

of its rainfall from North-East monsoon. Though the city 

receives its quantum from both the monsoon seasons, but 

maximum quantum of rainfall happens during North-East 

monsoon. 
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Fig.1. One-day and two-day observed maximum rainfall 
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Fig. 2. Three-day and four-day observed maximum rainfall 

 

VI. RESULTS AND DISCUSSION 

For the study area, one-day to five-day maximum rainfall 

for all the years of data was identified from year 1904 to 2010. 

In order to identify the 2-day to 5-day maximum rainfall, 

cumulative rainfall for varying number of days were worked 

out and maximum value in each year was utilized. Fig. 1 and 2 

show the observed maximum one-, two-, three-, and four-day 

maximum rainfall over historical years. It can be seen from 

Fig.1 that there is a significant difference in one-day and 

two-day maximum rainfalls, whereas for three-day and 

four-day, the difference is not that much apparent. 
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Fig. 3. Rainfall at different return periods according to 

Gumbel Distribution 
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Fig.4 Rainfall at different return periods according to Gamma 

Distribution 

This shows the importance of the rainfall in terms of hours 

or days need to be taken for consideration for different cases 

of hydrological design. Table 1 and 2 shows the maximum 

rainfall amount for 1-day to 5-day for different return periods 

by both methods. Comparison of these methods shows that the 

Gumbel distribution provided higher estimate than Gamma 

distribution. In order to select best probability distribution 

method, AIC and BIC estimators were used. The method with 

least value of AIC or BIC is considered best probability 

distribution. AIC and BIC value for one-day maximum 

rainfall were worked out. Its value for Gumbel distribution is 

1091.4 and 1099.2 respectively and in case of Gamma 

distribution, its value found to be 1094.016 and 1101.80 

respectively. As there is no significant difference between 

these two distributions for this rainfall data, both the 

approaches can be utilized for finding maximum rainfall 

amount for various return periods. Fig. 3 and 4 show the 

variation of rainfall at different return periods by Gumbel and 

Gamma distributions respectively. It can be seen from the plot 

that rainfall at higher level of return periods shows marginal 

variations.   

VII. CONCLUSION 

Two well-known probability distributions were fitted for 

maximum one-day to five-day rainfall of Tiruchirappalli 

station. According to AIC and BIC estimators, Gumbel and 

Gamma distributions fits well and rainfall amount for various 

return periods can easily obtained using these two 

distributions. And it can be used for urban water resources 

planning and management also for storm water drain design 

and its related structures.  According to these two 

distributions rainfall at different return periods by Gumbel 

method gives higher estimate than Gamma distribution 

though there is no significant difference between the values of 

AICs and BICs. Considering the risk involved in the operation 

and management of hydraulic structures, rainfall at various 

return periods correspond to Gumbel method may be 

considered. Gamma distribution will be appropriate method 

in case for economical design of hydraulic structure with little 

risk involvement.    

Table- I: Rainfall amount for different return periods by 

Gumbel distribution 

Rainfall / 

Return 

periods 

10 years 20 years  30 years 50 years  75 years  100 

years 

200 

years 

One-day 155.6 185.2 202.4 224.2 241.5 253.7 283.3 

Two-day 203.8 242.5 265.2 293.7 316.4 332.5 371.1 

Three-day 240.7 287.3 314.6 349.0 376.3 395.6 442.3 

Four-day 261.5 311.8 341.2 378.3 407.7 428.6 478.9 

Five-day 276.7 329.2 360.0 398.8 429.5 451.4 503.9 

 

Table- II: Rainfall amount for different return periods by 

Gamma distribution 
Rainfall / Return 

periods 

10 

years 

20 

years  

30 

years 

50 

years  

75 

years  

100 

years 

200 

years 

One-day 146.5 171.8 186.6 205.3 220.1 230.6 255.9 

Two-day 192.9 226.5 246.2 271.0 290.7 304.6 338.3 

Three-day 226.4 266.4 289.8 319.2 342.5 359.1 399.1 

Four-day 242.1 283.3 307.3 337.7 361.7 378.8 419.9 

Five-day 253.6 295.2 319.6 350.3 374.7 391.9 433.6 
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