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Abstract 
 

Rainfall is a form of precipitation that occurs when water vapor in the atmosphere condenses into droplets 

which can no longer be suspended in the air. Flood is as a result of rainfall overflowing onto land. Flood is 

associated with a lot of negative consequences on the activities of man and animals in general and even 

threatens their existences. In this study, rainfall data obtained on rainfall occurrence in Jos, Plateau State were 

described. Five theoretical distributions; Weibull, Log-normal, Gamma, Extreme value type 1 and Log-

Pearson type III distributions were fitted to the data. Kolmogorov-Smirnov and Anderson-Darling tests of 

goodness of fit were used to identify the most appropriate distribution. The Maximum likelihood estimator, 

Bayesian estimator and Principle of maximum entropy were used to estimate the parameters of the identified 

distribution. Alkaike information criterion (AIC) was used to compare the estimates of the parameters from 

the different estimators. The probability of the returning periods and the future amount of rainfall were then 

predicted. The results obtained show that the distribution is skewed to the left, with median annual rainfall of 

2383.5mm and inter-quartile range of 432.4mm.The results obtained also show that the Log-Pearson Type III 

distribution best fitted the rainfall data with the Bayesian method as the best estimator of the parameters of the 

distribution. Results on the probability of the returning period show that it decreases as the number of years 

increases while the amount of rainfall increases as the number of year’s increases. 

Original Research Article 



 

 
 

 

Nwaigwe et al.; Asian J. Prob. Stat., vol. 22, no. 1, pp. 46-55, 2023; Article no.AJPAS.96827 

 
 

 
47 

 

Keywords: Rainfall; probability distribution; returning intervals; estimation; parameters. 
 

1 Introduction 
 

Precipitation is the falling of water in various forms on the earth from the clouds. The usual forms of   

precipitation are rain, snow, sleet, glaze, hail, dew and frost [1]. The common form of precipitation in North 

central, Nigeria is rainfall. Rainfall is a form of precipitation that occurs when water vapor in the atmosphere 

condenses into droplets which can no longer be suspended in the air. The occurrence of rainfall is dependent 

upon several factors such as prevailing wind directions, ground elevation and location within a continental mass, 

and location with respect to mountain ranges, all have a major impact on the possibility of precipitation.  
 

1.1 Probability Distributions of Rainfall Data and Estimation of the Parameters 
 

Hrudya PH et al. [2] dealt with the spatial pattern of mean annual rainfall that spans from 744.36 to 2189.47 

mm/year, with rainfall increasing from the low plains to the high-elevation zones in the western region. 

MSWEP data showed more rainfall than ground data, it has been observed that the catchments (highly elevated 

areas) receive more rainfall, which might increase dam inflow and outflow and these regions that are located on 

the western side of the basin have largely deep forests and receive rainfall throughout the year. 
 

Moccia B et al. [3] investigated the best fit probability distribution for two different climates in Italy by 

comparing light-tailed and heavy-tailed distributions. The Kolmogorov-Smirnov and ratio mean square error 

tests were used to assess the performances of the distributions. It was concluded from the study that heavy-tailed 

distributions give a better description of empirical data than light-tailed distributions. 
 

Piratheeparajah N et al. [4] investigated the annual, seasonal and monthly rainfall trends of the northern region 

of Sri Lanka from 1970 to 2019. The results show that the historical annual rainfall of northern region of Sri 

Lanka has increased from 18.76 mm/decades to 37.68 mm/decade from 1970 to 2019.  
 

Abubakar UY et al. [5] used the Markov model to formulate a four-state model in continuous time to study the 

annual rainfall data with respect to the manual rainfall distribution for crop production in Minna. He observed 

that if there is low rainfall in a given year, it will take at most 25%, 33% and 27% of the time to make a 

transition to moderate rainfall, high rainfall and moderate rainfall respectively in the far future.  
 

2 Literature Review 
 

Tekin S et al. [6] noted that the accurate predictions of the extreme rainfall are of immense concern in geology 

in order to make provision for nature events such as landslide. A new extreme value model based on the 

Kumarashwamy generalized –Pareto distribution was applied to peaks-over-threshhold (POT-Kum GP) method. 

The extreme rainfall modeling accuracy of the POT-KUM GP model was then compared with a POT-GP model 

by means of a real data modeling on the daily rainfall data of Hopa region located in Artvin province of Turkey. 

According to [6], the empirical results showed that the POT –KUM GP  model  produced more accurate results 

than POT-GP model based on the model selection criteria and results of goodness –of- fit test.  
 

Musara K et al. [7] provided the statistical analysis of maximum rainfall in Zimbabwe by collecting data from 

103 stations spread across the different climatic regions of Zimbabwe. According to [7], the generalized extreme 

value distributions provided an adequate fit for all stations. Their results showed that the vast majority of 

stations do not exhibit significant trends in rainfall. The results also showed that twelve of the stations exhibit 

negative trends and three of the stations exhibit positive trends in rainfall. Estimates of return levels were given 

for 2, 5, 10, 20, 50 and 100 years. 
 

Mariana S et al. [8] proposed a statistical modeling of torrential rainfall pattern recognition to alleviate the 

drawback of PCA (highly insensitive to outliers, as it assigns equal weights to each set  of observations) and the 

traditional clustering algorithms which only allowed each element  to exclusively belong to one cluster. [8] also 

introduced a robust PCA (RPCA) based on Turkey’s  biweight correlation and identified the optimum 

breakdown point  to extract  the number of components.  A breakdown point of 0.4 at 85% cumulative variance 

was identified to efficiently extract the number of components to avoid low-frequency variations or insignificant 

clusters on a spatial scale. Based on the extracted components, the rainfall patterns were further characterized 

based on cluster solutions attained using Fuzzy C-means clustering (FCM) to allow data elements  to belong to 
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more than one cluster as the rainfall structure  permits. Data obtained  from the Monte Carlo simulation was 

used to evaluate the performance of the proposed statistical modeling.  
 

[9] obtained the monthly precipitations during 51 years of measurement in 24 stations of Soummam watershed 

in Algeria and analysed them to describe rainfall trends and aridity state of the area using statistical modeling. 

According to [9], the results of the p values showed that the Generalized Extreme value, Weibul (3) and logistic 

distribution laws were more adequate  to analyze rainfall frequencies in different parts of the watershed. The 

diagnostic given by Q-Q plot  P-P plot and survival regression curve was used to  show  the period of wetness  

and dryness in the northeastern and southwestern part of the watershed respectively. In [9], study given by the 

De Martonn index was then used to explain the consequences of climate change by a new form of aridity in the 

watershed between 1994 and 2018.  
 

Aieb A et al. [10] fitted the generalized extreme value distribution to maximum rainfall collected from twenty 

five stations spread across Senegal by the method of likelihood. According to [10], the results obtained from 

probability and quantile plots show that the generalized extreme value distribution provided an adequate fit for 

all stations. It was also observed in [10] that the vast majority of the stations did not exhibit significant trend in 

rainfall. Nonetheless, it was observed that four of the stations exhibit positive trend in rainfall. Estimates of the 

return levels were then made. 
 

3 Materials and Methods 
 

3.1 Data collection  
 

The data used for this study are secondary data collected on annual rainfall from the Metrological Station in Jos, 

Plateau State. 
 

3.2 Geographical location of jos 
 

Jos is a city on a Plateau located near the centre of Nigeria. The plateau has given its name to the state, Plateau 

State in which Jos is found. Jos is the  capital of Plateau state.  Plateau state is a home to people of diverse 

cultures and languages. The montane, grasslands, savannas, and forests in Plateau are homes to communities of 

plants and animals distinct from those of the surrounding lowlands and constitute the Jos Plateau forest-savanna 

mosaic ecoregion. It has an average alttitude of 1,280 m. 
 

Temperatures in Jos Plateau are lower than the surrounding areas, with minimum of 15.5°C to 18.5°C and 

maximum of 27.5°C to 30.5°C.  The rainfall is around 2,000 mm in the wetter southwest, and declines to around 

1,500 mm in the northeast. The average rainfall for Jos is 1,411 mm per year [11]. These figures compare with 

1,000 mm to 1,200 mm per annum in the surrounding savannas [12]. The heavier rains in the south and west are 

due to the moisture-bearing winds meeting the escarpment at this point. The watershed pattern on Jos Plateau is 

unusual in that its streams can drain into three different larger river systems. Some streams flow northeast to 

Kano and Lake Chad, east to the Gongola River (which enters the Benue), south to the Benue, and west to the 

Kaduna River which feeds into the Niger River [11]. 
 

3.2 Weibull Distribution 
 

Let   denote a random variable, a two- parameter Weibull density function is given by [13] as; 
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where α is the shape parameter and β is the scale parameter with mean   
 

 
    and variance   

 

 
    

   
 

 
    

 

3.3 Lognormal Distribution 
 

A random variable   is log normally distributed if       is normally distributed. The probability density 

function is given by [14] as; 
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where µ is the location parameter as well the mean of the distribution and σ is the scale parameter as well the 

standard deviation of the distribution with mean,        
  

 
  and variance,                      . 

 

 
 

Fig. 1. The Map of Jos, Plateau State, Nigeria 

 

3.4 Gamma Distribution 
 

 Let X denote a random variable. A two parameter gamma density function with parameters α and β is given by 

[14] as; 

 

         
 

         
 

 

                                                                            (3) 

 

Where α is the shape parameter and β is the scale parameter with mean    and variance     

 

3.5 Log-Pearson Type III Distribution 
 

Let                is a positive random variable. If y has a Pearson type III distribution, then x will have a 

LPT III distribution with pdf given by [15] as; 
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where,                                           

 

3.6 Gumbel Distribution 
 

A random variable x is said to have a Gumbel distribution if its probability density function is given by [16] as; 

 

                                                                                                       (5) 
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where,                       

 

3.7 The Test Statistics 
 

In order to verify the goodness of fit of the models for the rainfall data, the Kolmogorov – Smirnov (K-S) and 

Anderson – Darling (A-D) tests were used. The lower the values of this statistics, the closer the fitted 

distribution appears to match the data. The hypothesis for the test is given as ; 

 

H0: The hypothesized distribution fits the data 

 

Versus 

 

H1: The hypothesized distribution does not fit the data 

 

Decision Rule: reject H0 if p-value is less than the level of significance         . 

 

Given “N” ordered data points X1, X2…., XN the test statistic for the Kolmogorov – Smirnov test is given by 

[17] as; 

 

            
   

 
 
 

 
                                                                         (6) 

 

The test statistic for Anderson-Darling is given by [18] as; 

 

                                                                                                                                  (7) 

 

where, 

 

   
      

 
                           

                                                          (8) 

 

F (.) is the cdf of the continuous distribution and    is the ordered data and N is the population size. 

 

3.8 Hydrological Analysis  
  

In carrying out hydrological analysis such as flood and rainfall frequency analysis using Log-Pearson Type III 

distribution, the following steps suggested by [19] were adopted: 

 

(i) the annual rainfall series    were assembled 

(ii) the logarithm of the annual rainfall series were calculated  as  

 

                                                                                     (9) 

 

(iii) The mean   , standard deviation    and skew coefficient of the logarithm    were calculated 

 

(iv) The logarithm of the rainfall i.e.       for each of the several chosen probability level    were calculated  

using the following frequency formula 

 

                                                                                 (10)    

 

where    is the frequency factor and function of probability    and skewness coefficient. 

 

4 Applications 
 

In this section, data on the rainfall data in Jos are presented and summarized, appropriate distributions were 

fitted to the data.  
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Table 1. Yearly Rainfall Data in Jos (1990 – 2022) 

 

Year Annual rainfall(mm) 

1990 1557.9 

1991 2153.2 

1992 2396.1 

1993 2482.9 

1994 2075.5 

1995 2563.7 

1996 2581.5 

1997 2961.3 

1998 2567.4 

1999 2424.1 

2000 2182.8 

2001 262.0 

2002 2622.3 

2003 2705.5 

2004 2891.4 

2005 1640.1 

2006 2515.4 

2007 2337.2 

2008 3209.1 

2009 2053.7 

2010 2327.8 

2011 1762.3 

2012 2236.6 

2013 2337.2 

2014 2361.6 

2015 2470.2 

2016 2092.8 

2017 2370.9 

2018 2434.34 

2019 2747.4 

2020 2689.01 

2021 2817.0 

2022 2073.9 

Source: Metrological Station Jos, Plateau State 
 

It can be deduced from Figure above that the information on rainfall data (as collected) is negatively skewed. 

Fig. 2 also shows that the most frequently occurring yearly amount of rainfall lies between 2000 and 2600mm. 
 

 In order to obtain more insights from the rainfall data, some basic descriptive statistics were calculated from the 

data. The results are shown in Table 2. 

 

Table 2. Descriptive Statistics for Logarithm of Rainfall in Jos 

 

Variable Mean St.Dev Minimum Maximum Skewness Kurtosis Median Inter-

quartile 

range 

ii yX log
 

 3.3380     0.1865    2.4183       3.5064                -4.39      

 

21.85 

 

3.772 2.6357 

 

The results in Table 2 show that the skewness coefficient confirms that the distribution is negatively skewed 

while the kurtosis shows departure from normal distribution. The results also  show that when the log of the 

original values were taken, the standard deviation was greatly reduced, the coefficient of skewness increased 

approximately by a factor of 2 when compared with the original value while the kurtosis increased by a factor of 

3 approximately when compared with the original value.  Thus, the following relationship could be deduced 

from the original data and its logarithm: 
 

(i) Skewness of log X  is proportional to 2 times skewness of X  

(ii) Kurtosis of log X  is proportional to 3 times kurtosis of X , 
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Where, X denotes the original rainfall data. 

 

 
 

Fig. 2. Histogram of the Densities of the Annual Rainfal in Jos, Plateau State 

 

In order to choose the ‘best’ probability distribution to describe Rainfall data in Jos, Plateau State for the period 

studied, Kolmogorov Smirnov and Anderson-Darling goodness of fit tests were employed in Table 3. 

 

Table 3. Results of Goodness of Fit Test 

 

Distribution Kolmogorov-Smirnov Anderson Darling p-values 

Gamma 0.1758 0.56575 0.141564 

Lognormal 0.18877 0.4143 0.3355 

LPIII                   0.4724* 

Weibull 0.1497 0.3822 0.3989 

EV1 0.1342 0.5234 0.182702 

Note: * denotes the best fit 

 

Results in Table 3 show that the most appropriate distribution that described the rainfall data in Jos, Plateau 

State during the period under study is the log-Pearson Type III distribution since it had the highest p-value 

greater than the 0.05 level of significance and the least values of Kolmogorov-Smirnov and Anderson Darling 

test statistics among other distributions. 

 

Table 4. Parameter Estimates of the fitted Probability Distribution 

 

Distribution MLE AIC POME AIC B.E AIC 

LPIII   =4.919    =-

0.0092    =1.26 

-80.675   =5.819    =-

0.0072    =1.30 

-80.615    =5.999    =-

0.0084     =2.51 

-81.572 

 

The results in Table 4 show that for log-Pearson Type III distribution, the AIC yielded by Bayesian estimator 

was less than that of maximum likelihood estimator and principle of maximum entropy. 
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Table 5. Application of Log-Pearson Type III Distribution to the observed Data 

 

Return Period 

T(years) 

Probabilities 

P(%) 

Frequency Factor K(g=-

2.06) 

             

                 

2 50 0.307 3.3952 2484.3 

5 20 0.777 3.4827 3038.8 

10 10 0.895 3.5046 3196.0 

25 4 0.959 3.5166 3285.5 

50 2 0.980 3.5205 3315.1 

100 1 0.990 3.5223 3328.9 

200 0.5 0.995 3.5233 3336.6 

 

The results in Table 5 show that the probability that 2484.3(mm) rainfall or greater will occur on the average of 

2 years is 50%, the probability that 3038.8mm rainfall or greater will occur on the average of 5 years is 20%, the 

probability that 3196.0mm rainfall or greater will occur on the average of 10 years is 2%, the probability that 

3285.5 mm  rainfall or greater will occur on the  average of 25 years is 4%, the probability that 3315.1 mm 

rainfall or grater will occur on the average of 50 years is 2%, the probability that 3328.9 mm rainfall  or greater 

will occur on the average of 100 years is 1%, and the probability that 3336.6 mm rainfall or greater will occur 

on the average of 200 years is 0.5% in Jos Plateau State.  

 

5 Findings of the Study 
 

(i) The results obtained show that the yearly amount of rainfall in Jos Plateau state follows Log-Pearson 

Type III distribution.   

(ii) The skewness of the log of the annual amount of rainfall in Jos is proportional to 2 of the skewness of 

the original annual amount of rainfall. 

(iii) The kurtosis of the log of the annual amount of rainfall in Jos is proportional to 3 of the kurtosis of the 

original annual amount of rainfall. 

(iv) The probability of the returning period decreases as the number of years and amount of rainfall 

increase. 

 

6 Conclusion  
 

In this study, the probability distribution of the annual rainfall in Jos Plateau State was examined using 

Kolmogrov-Smirnov test of goodness of fit and Anderson-darling statistic. The most appropriate probability 

distribution that fitted the data was identified through the magnitudes of the Kolmogrov-Smirnov and Anderson-

Darling statistics alongside their p-values. The estimates of the parameters of the identified distribution was 

obtained through the maximum likelihood estimation, principle of maximum entropy and Bayesian Information 

criterion. The estimates were compared with the magnitudes of their Akaike information criterion.  

 

The results obtained show that the Log-Pearson Type III distribution is the most appropriate distribution that 

fitted the rainfall data and the Bayesian estimator is the best estimator of the parameters of the distribution. The 

probabilities of the returning intervals of rainfall in Jos, Plateau State were then calculated which shows that the 

probability of the returning period decreases as the number of years increases. 
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