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Abstract - Flood events are very difficult to predict early, this is because the value of the amount of rainfall that occurs for each 

month in the next few years cannot be properly estimated, of course, will result in difficulty estimating the strength of the dam in 

holding back the flow rate water, in addition to the difficulty in estimating the size of the ditch as a rain reservoir for the next 

few years. This event will continue to occur every year along with an increased amount of rainfall. Amount rainfall variables 

can be determined using short-scale rainfall such as hourly obtained using storm theory. This study focuses on using hourly 

rainfall data to be modeled using several probability distribution models such as Gamma, Weibull, and Log Normal. Once the 

best model can be determined, the parameters will be modified by increasing every 10% so that it reaches 50% and using the 

quantile function the Amount of rainfall data simulation based on parameter modification will be carried out and the two 

characteristics of the simulated data such as the mean and maximum amount values will be compared to show the effect of 

increasing storm amount rainfall. In this study, it was found that the log-normal distribution model was the best and an increase 

in parameter values would affect the increase in the mean and maximum amount of rainfall for each year. 
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1. Introduction  
Numerous fields, including hydrology, engineering, and environmental science, rely heavily on probability models like the 

Gamma, Weibull, and Log Normal Distribution [1]. Damages to human lives and property caused by rainfall events like floods 

or landslides can be reduced or avoided by analyzing rainfall data, which is part of hydrology. The storm theory has been applied 

to the analysis of a long series of hourly rain data that is dominated by non-rain data (zero data). The definition of a storm is 

determined by the interevent time definition (IETD), which is the minimal length of a dry interval between two concurrent storm 

events. As a result, the dry period needed to separate two storm events must at least match the IETD value. They wouldn't be 

considered as two separate events, but rather as parts of the same storm if this weren't the case. In order to reduce the serial 

correlation between the two different storms, the IETD value was chosen [2]. The IETD for small urban catchments is commonly 

taken as 6 hours since it would appear that the runoff response of subsequent storms would be independent if the time 

concentration of rainfall was less than 6 hours [3]. The storm amount is defined as the total quantity of rain that has at least one 

wet hour at the start and conclusion and either contains dry spells that last fewer than six hours or none at all. Storm depth to 

duration, which is the period between storm episodes, is what determines a storm's severity. Figure 1 explains what a storm is 

and how it is defined.. Let 𝑥𝑖𝑗 is jth rainfall (mm) with black circle sign on i-th storm and 𝑛𝑖 is duration (hour) on ith storm. The 

storm amount on storm i-th is  

∑ 𝑥𝑖𝑗

𝑛

𝑗=1

,   𝑖 = 1,2, ⋯ 

 
Several previous studies have used several methods of seeing storms in their analysis, including [4 – 7], The determination 

of the best opportunity distribution model is the main issue in this study, and the relationship between two variables is mutually 

dependent given the marginal distribution associated with the copula model, for example, the marginal is assumed to be normal 

[8] may possess the exact same kind of probability distribution. Bivariate exponential [9], Bivariate gamma [10], Bivariate 

lognormal [11], and Extreme Value Distribution in Two Variables [12] are a few examples. The marginal distributions of storm 

rainfall are actually a complex phenomenon that aren't necessarily comparable or typical. It's crucial to consider alternative 

distributions since they could provide more accurate rainfall estimates. The copula technique is a versatile strategy that allows 
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for the use of more marginal distributions and dependence structures in multivariate issues. [13]. Hydrology has utilized a variety 

of copulas, including the Archimedean copulas [14–17]. This study aims to (1) use the storm event to derive short-scale rainfall 

variables, (2) determine some modeling for the storm amount from some probability models  (3) test the model distributions 

using the Good of Fit Test for the short scale rainfall data from the rain gauge station Alor Setar, Malaysia and (4) simulate the 

storm amount based on the best model. The several methods for Good of Fit test in determining the best model, such as the 

graphical method and the numerical method, will be carried out in this study. The graphical method will be carried out by 

comparing the pdf, CDF, and QDF (the inverse of CDF, known as quantile function)  of each model while the numerical values 

of AIC and BIC will complete this research as a representation of the numerical method. Model selection using the graphical 

method often gives the same results for each model but using the numerical method will result in the selection of the best model. 

easy based on the lowest value generated by AIC and BIC. The best distribution model in this study will be used to simulate 

rainfall. The quantile function of this distribution model will be used in obtaining the simulation results. Several researchers have 

previously used several distribution models to simulate rainfall data. Several other researchers have used the Gamma distribution 

with two parameters in simulating rainfall data [18 – 21]. The three-parameter Kappa distribution was also used for this purpose, 

among researchers who have used the distribution [22],  using the mixed exponential distribution to simulate rain for several 

regions in the U.S. [23], and have also done the same for the Quebec area [24]. 

 

  
Fig. 1 Definition of storm 

 

 
Fig. 2 The Storm amount short scale rainfall (hourly) 

1.1. The Data of Storm Amount 

The data that has been extracted based on storm events will be broken down into storm amount data for each storm that is 

generated as shown in Figure 2. Initial information about storm amounts in the form of statistical information can be described 

in table 1. The values shown are descriptive statistics that generally describe the storm amount of data obtained, such as the 

average value, variance, kurtosis, skewness, and maximum and minimum data. From table 1 it can be seen that the skewness 

value is very small and the kurtosis value is small than 1, this can mean that unequal opportunity models such as Weibull, Gamma, 

and Log Normal can be used in modeling storm amount data in this research. This is also clarified by the data histogram shown 

in Figure 3, in this figure it can be seen that the three probability models used in this study have the right reasons for their use. 
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Table 1. Desciptive Statistics of storm amount data 

mean var skewness kurtosis minimum maximum 

13.83 441.64 4.67 x 10-9 0.14 0.1 340.1 

 

 
Fig. 3 The Histogram of Storm Amount 

2. Methods 
The amount that results from the extraction of short-scale (hourly) rainfall data is needed for the storm amount modeling. 

Probability density functions are the most important tools for describing the characteristics of the storm amount. This study will 

make use of three probability density functions with two parameters, such as Weibull, Gamma, and Log Normal. Table 2 displays 

the pdf and CDF for each distribution we take into consideration, with x denoting the observed values of the random variable 

that corresponds to the event of interest.  
Table 2. Pdf and Cdf distributions model 

Distribution  PDF ( f(y) ) and  CDF ( F(y) ) 

Weibull (x;η,κ) 
𝑓(𝑥) =

𝜂

𝜅
(

𝑥

𝜅
)

𝜂−1

𝑒
(−(

𝑥
𝜅)

𝜂
)
, 𝑥 > 0,   𝜂, 𝜅 > 0  

𝐹(𝑥) = 1 − 𝑒
(−(

𝑥
𝜅)

𝜂
)
 

Gamma (x;α,β) 
𝑓(𝑥) =

1

𝛽𝛼𝛤(𝛼)
𝑥𝛼−1𝑒

−
𝑥
𝛽 , 𝑥 > 0, 𝛼, 𝛽 > 0 

 

𝐹(𝑥) =
1

𝛽𝛼𝛤(𝛼)
∫ 𝑥𝛼−1𝑒

−
𝑥
𝛽

𝑥

𝑜

𝑑𝑥 

Log Normal (x;μ,σ) 
𝑓(𝑥) =

1

√2𝜋𝜎𝑥
𝑒

−(𝑙𝑜𝑔𝑙𝑜𝑔 𝑥−𝜇 )

2𝜎2 , 𝑥 > 0, 𝜇, 𝜎 > 0 

𝐹(𝑥) = 𝛷 (
𝑙𝑜𝑔 𝑙𝑜𝑔 𝑥 − 𝜇 

𝜎
) 

where  𝛷  is the cumulative distribution function of the standard normal distribution 

(i.e., N(0,1)). 
 

Parameter estimation is the first thing that must be done in probability modeling. Like most studies that have been done, it 

can be concluded that the maximum likelihood (MLE) method is the most dominant used in this case. We will not go into detail 

in this paper about the implicit and intricate MLE function for this model. Newton's Rhapshon is a numerical method for solving 

the nonlinear equation resulting from the maximal log-likelihood function (ln L). However, iteration systems have utilized this 

strategy to locate the solution. For this procedure, several different initial values have been tested. It is possible to use a particular 

value as the selected estimation parameter if the initial value used results in iterations that converge to a particular value. In this 

study, the MLE method is also the main choice to be used in generating parameter estimates. After the parameter estimation is 

obtained, the next test in selecting the best model using the graphical method and numerical method will be carried out. 
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Concepts to describe the probability distribution of a random variable Y include distribution function F (y) = P[Y ≤ y) and 

the quantile function is Q(u) = F-1(u), where u = uniform (0,1). The simulation technique using the quantile function is quite 

simple, just by determining the inverse distribution function and changing the random variable to a uniformly distributed random 

number (0,1) 

 

Let (𝑥1, 𝑥2, … , 𝑥𝑛) be a random sample taken from three pdf in this study, as shown in Table 2, with parameters θ. The 

likelihood function (L) is a joint probability density function which can be written as follows 𝐿 = 𝑓(𝑥1; 𝜃)𝑓(𝑥2; 𝜃) ⋯ 𝑓(𝑥𝑛; 𝜃) 

and the log-likelihood function is the logarithm natural of the likelihood function (ln (L)). The nonlinear equation that comes 

after is also solved by the MLE �̂� 𝑜𝑓 𝜃 because it is the solution of the equation 
𝑑 ln 𝐿

𝑑𝜃
= 0 itself. Using the results of several 

goodness-of-fit tests (GOF), the most suitable distribution is determined. Number-based standards The goodness-of-fit criteria 

of the distributions were assessed using Akaike's information criterion (AIC) and Bayesian information criterion (BIC), with the 

GOF tests pdf, CDF, and QDF being taken into account. The majority of the time, graphical inspection revealed the same 

outcome, despite the fact that the AIC, BIC, and ln (L) findings were inconsistent. It was decided that the distribution that fit the 

data the best had the lowest AIC and BIC values. AIC and BIC can be calculated using the formula below: 

AIC = - 2 log L + 2j; 

BIC = -2 log L + j log m, 

where j = the number of parameters, m = the sample size 
 

3. Results 
In this study, the parameters of the three probability distributions will be estimated using the MLE method as presented in 

table 3. Based on these parameters, pdf plots for all distributions in this paper will be created and will be used to test the goodness 

of fit of the model by looking at the ability of the plots to approach the storm amount histogram data. as depicted in Figure 4. In 

this figure, it can be seen that the models used have different capabilities in approaching the histogram. Figure 4 shows that the 

two parameters distribution such as Weibull, Gamma, and Log Normal are able to approach the histogram or the frequency of 

storm amount data that occurs in Malaysia.  

 
Fig. 4 Pdf plot for comparisons Estimated and observed Storm Amount 

 

Table 3. Computed parameters of different distribution 

 η κ α β   

Weibull 0.73 11.15     

Gamma   0.64 21.57   

Log Normal     1.67 1.49 
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Fig. 5 Cdf plot for comparisons Estimated and observed for Storm Amount 

 

Furthermore, the plot of the cumulative distribution function will be used to make more convincing conclusions in choosing 

the best distribution in this study. Therefore Figure 5 is also presented for this purpose. From the figure, it is very clear that the 

two-parameter distribution such as Weibull, Gamma, and Log Normal is very good at capturing the observation distribution 

function. Figure 3 also clarifies the conclusion that the distributions in this paper are the best models produced in this study. 

 
Fig. 6 Qdf plot for comparisons Estimated and observed for Storm Amount 

 

Results that are not much different in testing the goodness of fit of the models are also shown by the graph of the inverse 

cumulative distribution or better known as the QDF (quantile) plot as shown in Figure 6. From the goodness of fit test of the 

model using this graphical method, it is very clear that the pdf, CDF, and QDF plots give very clear results that the two-parameter 

distributions such as Weibull, Gamma, and Log Normal are the best model in analyzing the frequency of storm amount data.  

Numerical methods such as AIC, BIC, and ln (L)  values for the goodness-of-fit test were also used in this study. These three 

values for each distribution used will be presented in table 4. Based on the values in the table it can be concluded that the two-

parameter distribution namely Log Normal distribution is the best model because it has the smallest AIC and  BIC values. Table 

3 is also equipped with tests of model goodness such as log-likelihood (Log L) mode, from the values presented it can also be 

concluded that the distribution of the Log-Normal two parameters is the best in this study. 
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   Table 4. The GOF test result 

 Weibull Gamma Log Normal 

AIC 37111.99 37350.99 36769.95 

BIC 37125.12 37364.12 36783.08 

Log (L) -18553.99 -18673.49 -18382.97 

 

Based on the best model in this research, storm amount simulation is run by modifying the average parameters. Modifications 

are executed by increasing the average from 10% to 50% while maintaining the standard deviation parameter values. The 

simulation is run using the quantile function of the log-normal distribution. The results of the simulation that has been run for 

the storm amount will produce the average and maximum storm amount for each modification of the average parameters made, 

as shown in figure 7.  An increase in parameter values would affect the increase in the mean and maximum amount of rainfall 

for each year. This finding differs from studies [25, 26] for covid data with a comparison of the same distribution, finding that 

the correct distribution is the two-parameter Weibul distribution. it is possible that this occurs due to differences in the 

characteristics of the data. 

 
Fig. 7 Mean and maximum storm amount for various increase parameters 

 

4. Conclusion 
The Gamma, Weibull, and Log-Normal probability distributions were used to examine the occurrence probability of storm 

amount events in this study. The types of data in this work used MLE, especially to estimate the parameters of the three probability 

distributions.  It is concluded that the Log Normal two parameters distribution returned better results when compared with other 

well-known distributions. In addition, through the best model in this study, we can use the distribution of the quantile function 

to simulate the storm amount for various increased parameters rate. The results of the simulations run show that the increase in 

parameters is accompanied by an increase in the average and maximum storm amount. 
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