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Abstract: - Choosing a probability distribution to represent the 

precipitation depth at various durations has long been a topic of 

interest in climatology and hydrology. The annual rainfall data 

for 38 years (between 1972 and 2013) were collected from the 

Nigerian meteorological stations Agency (NIMET) for nine 

weather stations southern Nigeria. The data were then processed 

to identify the maximum and minimum rainfall received a day 

(24hrs duration). The mean, mode, median, skewedness and 

standard deviation for the study period was derived. The average 

nearest neighbor analysis was performed to study the 

distribution of weather stations and rainfall, the results revealed 

a dispersed (1.88) distribution and the rainfall is well distributed 

in the study area. The annual mean daily rainfall received was 

2.24mm/day for Abeokuta, 1.36mm/day for Calabar and Enugu, 

2.03 mm/day for Ikeja, 1.32 mm/day for Port Harcourt, 0.04 

mm/day for Benin, and 0.01 mm/day for Ibadan. The median of 

0.69mm/day was record for Abeokuta, 0.43mm/day for Calabar 

and Enugu, 0.59 mm/day for Ikeja, and 0.43 mm/day for Port 

Harcourt, while the mode of 0.01mm/day was record for 

Abeokuta, 0.04mm/day for Calabar and Enugu, 0.12 mm/day for 

Ikeja, and 0.04 mm/day for Port Harcourt. The standard 

deviation of 7.12 mm/day was record for Abeokuta, 3.10mm/day 

for Calabar and Enugu, 4.29 mm/day for Ikeja, and 2.59 mm/day 

for Port Harcourt. This indicates a very large range of 

fluctuation during the period of study between the coastal area 

and inland. The rainfall data were analyzed to identify the best 

fit probability distribution for each period of study using the 

Rainfall Distribution (Bulletin 17B). The Normal distribution 

method was used to study climate and weather extreme. The 

Ordinary Least Squares (OLS) regression was used to model and 

predict relationships of weather station in term of rainfall return 

period or occurrences, trend and location. The scientific results 

clearly established that the analytical procedure devised and 

tested in this study is suitably applied for the identification of the 

best fit probability distribution of weather parameters. Also, the 

study has presented facts on climate extremes for present and 

future study. 

Keywords: Nigeria, Southern, Rainfall, Normal distribution, 

Probability distribution, and Regression. 

I. INTRODUCTION 

nalysis of rainfall data strongly depends on its 

distribution pattern. It has long been a topic of interest in 

the fields of meteorology in establishing a probability 

distribution that provides a good fit to daily rainfall. Several 

studies have been conducted in India and abroad on rainfall 

analysis and best fit probability distribution function such as 

normal, log-normal, gumbel, weibull and Pearson type 

distribution were identified (Mohita et al., 2010).  The design 

and construction of certain projects, such as dams and urban 

drainage systems, the management of water resources, and the 

prevention of flood damage require an adequate knowledge of 

extreme events of high return periods (Taoa, et al, 2002; 

Dan’azumi, 2010).In most cases, the return periods of interest 

exceed usually the periods of available records and could not 

be extracted directly from the recorded data. Therefore, in 

current engineering practice, the estimation of extreme 

rainfalls or flood peak discharges is accomplished based on 

statistical frequency analysis of maximum precipitation or 

maximum stream flow records where available sample data 

could be used to calculate the parameters of a selected 

frequency distribution. The fitted distribution is then used to 

estimate event magnitudes corresponding to return periods 

greater than or less than those of the recorded events. 

Accurate estimation of extreme rainfall could help alleviate 

the damage caused by storms and floods and it can help 

achieve more efficient design of hydraulic structures (Taoa, et 

al, 2002). 

Thompson (1969, 1975) studied the effect of rainfall on crop 

yield taking into account the amount of monthly rainfall data 

and concluded that amount of rainfall plays a crucial role in 

different stages of crop growth. The weather along with 

technology is the cause of 80 to 92 percentage variability in 

the yield. Raudkivi (1979) has calculated the rainfall 

probabilities using the Markov chain model and described 

how these are used to describe the hydrological phenomena. 

In the present article we first see the month wise distribution 

of the rainfall data and secondly we calculate the probabilities 

of the number of rainy days. 

Fisher (1924) studied the influence of rainfall on the yield of 

wheat in Rothamasted. He showed that it is the distribution of 

rainfall during a season rather than its total amount which 

influence the crop yield. Analysis of rainfall would enhance 

the management of water resources applications as well as the 

effective utilization of water resources. Such information can 

also be used to prevent floods and droughts, and applied to the 

planning and designing of water resources related 

engineering, such as reservoir design, flood control work, 

drainage design, and soil and water conservation planning, 

etc. All these works require the rainfall data as a design basis. 

Lin et al. (1993) indicated in her studies: All rainfall stations 

at the same area cannot be described by just a single 

probability distribution, assuming these stations belong to a 

certain probability distribution and form a cluster. 

A 
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Models of rainfall probability distributions over various 

timescales are useful tools for gaining this kind of 

understanding. Modeling rainfall variability in Africa presents 

an imposing problem for many reasons, including the need to 

summarize rainfall data for many years at many sites and the 

difficulty in finding a single method to represent such a 

variety of rainfall regimes. Establishing a probability 

distribution that provides a good fit to daily rainfall depth has 

long been a topic interest in the fields of hydrology, 

meteorology, and others. The investigations into the daily 

rainfall distribution are primarily spread over three main 

research areas, namely: (1.) rainfall storms and climate 

extremes; and (2.) rainfall distribution. Different models have 

been commonly used in practice for representing the 

distribution of rainfall extremes. Therefore, the main objective 

of the present study is to propose a general procedure for 

evaluating systematically the performance of various 

distributions based on their descriptive and predictive abilities 

for describing accurately the distribution of extreme 

precipitations. More specifically, Log-Pearson type III 

(Bulletin 17B) probability and normal distribution model. 

Also, to study rainfall pattern and how it is distributed across 

space over southern Nigeria and water body changes in land 

use that influence climate. 

II. STUDY AREA 

Nigeria with a total area of 923,800 sq. km occupies about 

14% of land area in West Africa. Geo-politically she divided 

into northeast, northwest, southwest, southeast and north 

central. The study area (Southern Nigeria) comprise of 

southwest and southeast Nigeria. She lies between latitude 

3
.
00

0
 to 5.60

0 
N and longitude 2.50

0
 to 9.70

0
E. The southern 

Nigerian is bounded to its immediate north by middle belt 

regions, West by Benue, East by Cameroun and south by 

Atlantic Ocean. Southern Nigeria has a coastline of 

approximately 853km facing the Atlantic Ocean (MEFRN, 

2003; FMS, 1978). The Southern Nigeria zone sprawls a total 

of thirteen states, out of the thirty-six states of the federation, 

namely: Akwa-Ibom, Bayelsa, Cross River, Delta, Edo, 

Lagos, Ogun, Ondo, Abia, Ebonyi, Anambra, Enugu and 

Rivers state (Figure 1a).  The Southern Nigeria is estimated to 

account for more than 25% of the national population. The 

study area is located in within the tropics and therefore 

experiences high temperature throughout the year. The mean 

for the country is 27
0
C. Average maximum temperature varies 

from 32
0
C to 21

0
C mean minimum. The climate of the area 

varies from a very wet coastal area with annual rainfall greater 

than 3500mm to the Sahel region in the North West northeast 

region, with annual rainfall of 600mm. recent study have 

revealed declining trend in rainfall. There are generally two 

seasons in the year: the wet and dry seasons (MEFRN, 2003). 

III. METHODOLOGY 

The methodologies to be adopted for this research include:  

 

3.1 Data Acquired and source 

The data collected for this study was classified into spatial and 

non-spatial data.  The Spatial data will include (1.)  Field 

survey entails taking GPS reading and ground trothing of 

study locations, (2.) USGS 30m (Advance Space borne 

Thermal Emission and Reflection Radiometer) Digital 

Elevation Model (DEM) was also be acquired and 

(2.)Administrative and road network maps of the study area. 

The non-spatial data used for this research include: (1.) 

Meteorological variables like Rainfall was acquired from 

Nigerian Meteorological Agency (NIMET) for the period 

between 1972 and 2013. (2.) Population data of the study 

areas and the local government area, as well as the review of 

relevant and current literatures. Hourly rainfall data, for 8 

locations spread across the Southern Nigeria, were collected 

for time period of 38 years (between 1972 and 2013). The 

mean record length is 24 hours. The long term hourly data 

was examined and missing records were removed. The 

stations were chosen to represent different geographical areas 

of the Southern Nigeria (Figure 1a). This is because 24 hr. is 

appropriate for urban storm water management systems 

design. Data were gotten from different weather stations 

locations in the study area (Figure 1b) as represented in table 

1 below. 

 

Figure 1a: Map of Study Area and inset map of Nigeria. 
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Figure 1b: Meteorological Stations in the study area 

 
Table 1: Different Nigerian meteorological stations Agency (NIMET) station 

in Southern Nigeria. 

N/S Name Long(X0) Lat(Y0) Elevation(m) 

1 Warri, Delta state 5.516 5.748 17 

2 Port Harcourt, Rivers State 4.784 7.005 18 

3 Ikeja, Lagos State 6.583 3.333 62 

4 Ibadan, Oyo State 7.395 3.916 234 

5 Enugu, Enugu State 6.449 7.512 159 

6 Calabar, Cross River State 4.949 8.324 22 

7 Benin, Delta state 6.338 5.629 83 

8 Abeokuta, Ogun State 7.163 3.346 27 

 

3.2 Methods of Data Analysis 

Two main methods of data analysis were adopted in this 

study: (a.) Rainfall storms and Climate Extremes and (b.) 

Rainfall Distribution.  Rainfall Distribution is further divided 

into (1.) Average nearest neighbor Analysis; (2.) Ordinary 

Least Squares (OLS) regression and (3.) Rainfall Indices and 

Spatial Statistics methods while Rainfall storms and Climate 

Extremes method includes Rainfall Distribution (using 

Bulletin 17B) and Normal Distribution. 

3.2.1 Rainfall storms and Climate Extremes 

3.2.1.1 Rainfall Distribution (using Bulletin 17B). 

Components of Bulletin 17B (Davie, 2008; Bedient and 

Wayne, 2002) include: (a.) Fit logarithms of daily rainfall  to 

a Pearson Type III distribution using the method of moments 

to compute mean, standard deviation, and skew of the log-

transformed data; (b.) Improve skew estimate by averaging it 

with a regional skew estimate obtained from Bulletin 17B or 

other source. Weight station and generalized skew to reflect 

relative accuracy; (c.)Test to identify high and low outlier 

limits and screen data against them; and (d.)Adjust for low 

outliers, zero flows, and below gage base peaks based on 

conditional probability techniques. This was used to study 

rainfall intensity and frequency of heavy rainstorms. Bulletin 

17B probability distribution was selected to model the 24 

hourly rainfall depths. 

.3.2.1.2 Normal Distribution. 

The Normal distribution method was used to study climate 

and weather extreme. Normal distribution will be used 

because most natural processes conform to it. A changing 

climate leads to changes in the frequency, intensity, spatial 

extent, duration, and timing of extreme weather and climate 

events, and can result in unprecedented extreme weather and 

climate events (IPCC, 2012). Normal distribution is defined 

as: 

If X is a normal random variable, then the distribution of the 

random variable x is given by: 

𝒇 𝒙 =  
𝟏

𝝈 𝟐𝝅

𝟎

 𝒆−𝟏/𝟐 
𝒙−𝝁

𝝈
 
𝟐

,     −∞ < 𝑥 < ∞……………. (3.1) 

 0, otherwise 

Where, µ=mean=∑(x), σ
2
= Variance=∑(x-µ)

 2
, and e and π 

are constants. If in the above µ=0 and σ=1, then 

𝒇 𝒙 =  
𝟏

 𝟐𝝅

𝟎

 𝒆𝟏/𝟐𝒙𝟐 , −∞ < 𝑥 < ∞…………………..… (3.2) 

This is the distribution of a standard normal curve. The 

climate and weather extremes are examined using positively 

and negatively skewed distribution. 

3.2.2 Rainfall Distribution.   

3.2.2.1 Spatial patterns of Rainfall (using Average Nearest 

Neighbor) 

The Average Nearest Neighbor (ANN) tool measures the 

distance between each feature centroid and its nearest 

neighbor's centroid location (Ebdon, 1985; Mitchell, 2005). 

This method was used to study the spatial distribution of 

Weather stations in the study area. The Average Nearest 

Neighbor ratio is given as: 

𝐴𝑁𝑁 =
𝐷 0

𝐷 𝐸
 ………………………………………… (3.5) 

Where, 𝐷 0 is the observed mean distance between each 

feature and their nearest neighbor. 
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𝐷 0 =
 𝑑𝑖

𝑛
𝑖=1

𝑛 ………………………………………..... (3.6) 

And 𝐷 𝐸  is the expected mean distance for the feature given a 

random pattern. 

𝐷 𝐸 = 0.5
 𝑛 𝐴 

 ………………………………………… (3.7) 

In the previous equations, di equals the distance between 

feature and its nearest feature, n corresponds to the total 

number of features and A is the total study area. The Z ANN 

score for the statistics is calculated as: 

𝑍𝐴𝑁𝑁 = 𝐷 0 − 𝐷 𝐸 𝑆𝐸 ………………………………....... (3.8) 

Where: 

𝑆𝐸 = 0.26136  𝑛2 𝐴  ………………………………… (3.9) 

Interpretation: If the index (average nearest neighbor ratio) is 

less than 1, the pattern exhibits clustering. If the index is 

greater than 1, the trend is toward dispersion. 

3.2.2.2 Ordinary Least Squares (OLS) regression and Spatial 

Autocorrelation 

Regression analysis is probably the most commonly used 

statistic in the social sciences. Regression is used to evaluate 

relationships between two or more feature attributes. The 

Ordinary Least Squares (OLS) linear regression is used to 

generate predictions or to model a dependent variable in terms 

of its relationships to a set of explanatory variables (Mitchell, 

2005; Wooldridge 2003; Hamilton, 1992). This is the 

mathematical formula applied to the explanatory variables to 

best predict the dependent variable you are trying to model (Y 

is the dependent variable, the X are the explanatory variables, 

and the βs are regression coefficients). 

𝑌 = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯……𝛽𝑛𝑋𝑛 + 𝜀…………… (3.10) 

The OLS regression was used to model and predict 

relationships of weather station in term of rainfall return 

period or occurrences, trend and location. The Spatial 

Autocorrelation (Global Moran's I) tool measures spatial 

autocorrelation based on both feature locations and feature 

values simultaneously. Given a set of features and an 

associated attribute, it evaluates whether the pattern expressed 

is clustered, dispersed, or random. The tool calculates the 

Moran's I Index value and both a z-score and p-value to 

evaluate the significance of that Index. P-values are numerical 

approximations of the area under the curve for a known 

distribution, limited by the test statistic.  

3.2.2.3 Rainfall Indices and Descriptive Statistics 

Relevant statistical techniques was employed to analyse the 

bulk statistical data collected, SPSS software was used in the 

statistical analysis. Descriptive statistics was employed to 

analysis and study: Rainfall Mean, Median, Mode, Standard 

Deviation, Variance, and Minimum and Maximum. 

IV. RESULTS AND DISCUSSION 

4.1 Rainfall storms and Climate Extremes in Southern 

Nigeria. 

4.1.1 Rainfall Probability Distribution 

For rainfall distribution characteristics of Southern Nigeria, 

the frequency analysis is applied using normal distribution 

log-Pearson type III distribution, with rainfall data recorded 

through 8 stations over 36 years. Results showed that the log-

Pearson type III distribution is the best probability 

distribution, occupying 50% of the total number of stations 

(Figure 2), applicable to describe Southern Nigeria area’s 

rainfall characteristics (table 1and 2). Using upper confidence 

limit (0.05%) stations like Ikeja and Warri records very high 

rainfall over short return period of 0.2 and 1% Chance 

Exceedance while rest record relatively high rainfall between 

10 and 20% Chance Exceedance. The coastal cities bordering 

the Atlantic Ocean are influenced by northern ward movement 

inter tropical convergence zone (ITCZ). These results reveal 

that over the coastal west cities (such Ikeja) high rainfall are 

received more than in land areas such Enugu in relation to 

Ondo and Calabar. This is also due to diurnal variation and 

characteristics of inland and coastal cities. This has 

encouraged coastal flooding, agricultural activities inland and 

soil loss. The rain amount is reliable (to support water 

management, crop growth, etc.) because it is can be expected 

to be equaled or exceeded with 95% probability.  

4.1.2 Rainfall Normal Distribution 

Rainfall data (between 1972 and 2013) were available for 

eight (8) stations and this was used to study rainfall 

distribution of Southern Nigeria. The Results revealed that 

there is a significant difference in the rainfall mean, median, 

and variance, kurtosis and skew distribution in the study area.  

In Southern Nigeria, the mean and variance was observed to 

be   2.24 and 5.73 in Abeokuta; 1.36 and 9.62 in Calabar and 

Enugu; 2.03 and 18.44 in Ikeja; 1.32 and 6.78 in Port 

Harcourt, this indicates that mean rainfall at given location in 

the study has a  low variability and is reliable. The standard 

deviation is positive for the study area for Abeokuta, Calabar, 

Enugu, Ikeja and Port Harcourt (7.12, 3.10, 3.10, 4.29 and 

2.59) this indicates that mean rainfall is sufficient support 

crop growth and agriculture (Ayoade, 1993).  The mean is 

greater than mode (0.01, 0.04, 0.12 and 0.04) and median 

(0.69, 0.43, 0.59 and 0.43) indicating that distribution is 

positively skewed. A decrease in variability was observed for 

Abeokuta, Benin, Enugu, Ibadan, Ikeja, Port Harcourt and 

Warri which imply that there is a shift in mean rainfall and 

weather; and a changes rainfall intensity and extremes. For 

locations with high kurtosis and skewness in Southern 

Nigeria, such as Ikeja (16.6 and 3.83), Abeokuta (23.18 and 

4.78), Calabar (23.54 and 4.54), Enugu (23.54 and 4.54) and 

Port Harcourt (11.54 and 3.39) a decrease in rainfall and a 

shift in extreme events between 1972 and 2013 were 

observed.  
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4.2 Rainfall Distribution in Southern Nigeria. 

4.2.1 Spatial Patterns of Rainfall 

In the study area, 8 Weather stations were dispersedly located 

and the spatial pattern was tested and was found to have a Z-

score of 5.85, significant at 0.01% Confident Interval. This 

signifies that the weather stations are well distributed in the 

study area (Appendix 1). Rainfall pattern in the inlands areas 

of the southern Nigerian varies between 9 and 130 mm/daily.  

Three stations (Ondo, Calabar and Ibadan) experience daily 

minimum rainfall amounts of less than 11.99 mm/day. Three 

stations (Ikeja, Warri, Port Harcourt and Abeokuta) receive 

more than 140 mm/day of rainfall per year. Rainfall is 

unimodal (Calabar and Enugu) in some of the region; and 

bimodal in most region of the study area. 

 

 

 
 

Figure 2: Rainfall Probability distribution map for 0.2, 0.5, 1 and 50% Chance Exceedance for the study area between 1972 and 2013. 

 

 
 

Table 1: Rainfall Probability distribution for some selected stations in Southern Nigeria between 1972 and 2013. 
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Abeokuta Station 

 
Benin Station 

  

 

% Chance 

Exceedance 

 
Confidence Limits 

 
Confidence Limits 

Computed 

Curve 

Expected  

Probability 
0.05 0.95 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

0.2 64 66.6 97.4 44.1 25.3 26.9 39.3 17.3 

0.5 40.4 41.7 59.8 28.5 16.4 17.2 24.6 11.5 

1 27.4 28.1 39.5 19.7 11.4 11.9 16.7 8.2 

2 17.6 18 24.8 13 7.7 7.9 10.9 5.7 

5 8.9 9 12 6.8 4.2 4.3 5.7 3.2 

10 4.7 4.8 6.2 3.7 2.5 2.5 3.2 1.9 

20 2.1 2.1 2.7 1.7 1.3 1.3 1.6 1 

50 0.4 0.4 0.5 0.3 0.3 0.3 0.4 0.3 

 
Calabar Station Enugu Station 

 

 

% Chance 

Exceedance 

 
Confidence Limits 

 
Confidence Limits 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

0.2 20.1 21.2 30.3 14.1 46.1 49.1 70.4 31.9 

0.5 13.2 13.7 19.2 9.5 27 28.3 39.6 19.3 

1 9.3 9.6 13.2 6.8 17.5 18.1 24.8 12.9 

2 6.3 6.4 8.7 4.7 11 11.3 15 8.3 

5 3.5 3.5 4.6 2.7 5.5 5.6 7.2 4.3 

10 2 2 2.6 1.6 3 3.1 3.8 2.5 

20 1 1 1.3 0.8 1.5 1.5 1.8 1.2 

50 0.3 0.3 0.3 0.2 0.4 0.4 0.5 0.3 

 
Table 2: Rainfall Probability distribution for some selected stations in Southern Nigeria between 1972 and 2013. 

 

 

Ibadan Station Ikeja Station 

 
Confidence Limits 

 
Confidence Limits 

 
% Chance 

Exceedance 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

0.2 55.1 58.1 81.4 39 80.2 84.4 119 56.6 
33.5 0.5 30.3 31.6 43.1 22.2 46 47.8 65.9 

1 18.7 19.3 25.8 14.1 29.3 30.1 40.7 21.8 

2 11.2 11.4 14.9 8.6 17.9 18.3 24.2 13.7 

5 5.3 5.3 6.7 4.2 8.7 8.8 11.2 6.9 

10 2.8 2.8 3.4 2.3 4.6 4.6 5.7 3.7 

20 1.3 1.3 1.5 1.1 2.2 2.2 2.6 1.8 

50 0.3 0.3 0.4 0.3 0.5 0.5 0.6 0.4 

 

Port Harcourt Station Warri  Station 

 
Confidence Limits 

 
Confidence Limits 

 
% Chance 

Exceedance 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

Computed 

Curve 

Expected 

Probability 
0.05 0.95 

0.2 45.3 46.3 58.2 35.9 38.7 45.1 140.6 13.7 

0.5 27 27.5 34 21.9 24.1 27.3 82.3 8.9 
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1 17.7 17.9 21.9 14.6 15.7 17.5 50.8 6 

2 11.2 11.3 13.6 9.4 9.4 10.3 28.6 3.8 

5 5.7 5.7 6.7 4.9 4 4.3 11.1 1.7 

10 3.1 3.1 3.6 2.7 1.7 1.8 4.3 0.8 

20 1.5 1.5 1.7 1.4 0.5 0.6 1.2 0.3 

50 0.4 0.4 0.4 0.4 0 0 0.1 0 

 

 

Much of the rainfall is concentrated in the four months of the 

spring, summer, and autumn season. In study rainfall data 

from stations were analyzed and rainfall variability is higher 

in areas of high daily rainfall in the Coast areas of the South 

Nigeria. Warri, Port Harcourt, Benin, Ikeja and Calabar are 

Coast towns with elevation values range from 17 and 83 

meters while remaining towns have elevation ranging between 

159 and 234 meters. 

4.2.2 Rainfall Indices and Descriptive Statistics  

For the period 1972-2013, the rainfall characteristics such as 

mean, median, mode, standard deviation, variance, minimum, 

and maximum for south Nigeria (Table 2). The mean of 

2.24mm/day was record for Abeokuta, 1.36mm/day for 

Calabar and Enugu, 2.03 mm/day for Ikeja, 1.32 mm/day for 

Port Harcourt, 0.04 mm/day for Benin, and 0.01 mm/day for 

Ibadan. The median of 0.69mm/day was record for Abeokuta, 

0.43mm/day for Calabar and Enugu, 0.59 mm/day for Ikeja, 

and 0.43 mm/day for Port Harcourt. While for the mode 

0.01mm/day was record for Abeokuta, 0.04mm/day for 

Calabar and Enugu, 0.12 mm/day for Ikeja, and 0.04 mm/day 

for Port Harcourt. The standard deviation of 7.12 mm/day was 

record for Abeokuta, 3.10mm/day for Calabar and Enugu, 

4.29 mm/day for Ikeja, and 2.59 mm/day for Port Harcourt. 

The variance of 50.73 mm/day was record for Abeokuta, 9.62 

mm/day for Calabar and Enugu, 18.44 mm/day for Ikeja, and 

20.69 mm/day for Port Harcourt. A maximum of 35.43 

mm/day was record for Abeokuta, 20.69 mm/day for Calabar 

and Enugu, 430.82 mm/day for Ikeja, and 13.38 mm/day for 

Port Harcourt. And a minimum of 0.01 mm/day was record 

for Abeokuta, 0.02 mm/day for Calabar and Enugu, 0.01 

mm/day for Ikeja, and 0.02 mm/day for Port Harcourt. 

 
Table 3: Rainfall station, Mean Rainfall values, elevation, and locations for the study area 

N/S Name 
0.2 % Chance 

Exceedance 

0.5 % Chance 

Exceedance 

1 % Chance 

Exceedance 

2 % Chance 

Exceedance 

5 % Chance 

Exceedance 
Elevation 

1 Warri 140.6 82.3 51 28.6 11.1 17 

2 Port Harcourt 58.2 34 22 13.6 6.7 18 

3 Ikeja 119 65.9 41 24.2 11.2 62 

4 Ibadan 81.4 43.1 26 14.9 6.7 234 

5 Enugu 70.4 39.6 25 15 7.2 159 

6 Calabar 30.3 19.2 13 8.7 4.6 22 

7 Benin 39.3 24.6 17 10.2 8.2 83 

8 Abeokuta 97.4 59.8 40 24.8 12 27 

 
Table 4: OLS Regression Coefficient 

N/S Variable Coef Std Error t_Stat Prob Robust_SE Robust_t Robust_Pr 

1 Intercept 209.94 77.64 2.70 0.053 44.13 4.76 0.0060 

2 0.2 % Chance Exceedance 56.43 17.03 3.31 0.028 11.91 4.74 0.0061 

3 0.5 % Chance Exceedance -297.09 91.73 -3.24 0.030 64.71 -4.59 0.0073 

4 1 % Chance Exceedance 438.80 138.70 3.16 0.032 99.13 4.43 0.0088 

5 2% Chance Exceedance -181.48 65.57 -2.77 0.049 43.19 -4.20 0.0113 

6 5% Chance Exceedance -78.47 35.63 -2.20 0.092 12.47 -6.29 0.0005 

 

 

4.2.3 Rainfall Distribution Trend  
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For the period between 1972and 2013, daily rainfall shows 

negative trend in Calabar out of the 8 stations and positive 

trend in seven of the stations (Table 4). The positive trends are 

observed in all stations are statistically significant at 0.01 

levels, respectively, R
2
=0.7822. This accounts for 78 percent 

of the variation in rainfall in the dependent variable or high 

probability rainfall occurring in the study area. A positive 

trend was observed in rainfall in Ikeja, Warri, Port Harcourt 

and Abeokuta, with a high rainfall value and statistically 

significant due to its elevation, city geometry and location.  

The rainfall difference between the coast and inland was 

because the coastal cities bordering the Atlantic Ocean are 

influenced by its nearness to the equator and the Gulf of 

Guinea. Also, it is affected by atmospheric interactions in 

which the Inter- Tropical Convergence Zone (ITCZ) is a 

controlling factor. For a 0.2 and 1% chance exceedance, 

increase in trends was observed in all stations and are 

statistically significant. The negative trends were observed for 

0.5, 2 and 5% chance exceedance using OLS regression. 

Other characteristics of rainfall for study area are tabulated 

below and studied using OLS regression Table (4 and 5). 

When the sign associated with the coefficient is negative, the 

relationship is negative and not significant in all location. In 

other words changes in the reoccurs of rainfall in the study 

area can be account for by elevation in some instance, other 

factors such season and city geometry play a great role. And 

the result has a low probability chance of occurring in the 

study area (table 4). The Jarque-Bera statistic is significant 

(0.259 (Prob< chi-square), (2) df: 0.878), the key variable are 

incorporated into the model) and the relationships are linear. 

The T test is used to assess that variable is statistically 

significant using Joint Wald statistics (133.518 Prob (>chi-

square), (5) df: 0.000000). Joint F-Statistic Value was used 

to assess overall performance of the model and was found to 

be significant (2.873136 (Prob< 5, 4), (2) df: 0.1642). A 

statistically significant relationship was ascertained between 

all variables, and the residual of the variables was tasted for 

autocorrelation, given the z-score of 0.401, the pattern does 

not appear to be significantly different than random and this 

implies the area and rainfall pattern (and reoccurrence) under 

study normal disturbed (Appendix 2). The null hypothesis is 

rejected. The spatial distribution of high (rainfall 

reoccurrence) values (p-value= 0.69) in the dataset is more 

spatially clustered than would be expected if underlying 

spatial processes were random. 

Table 5: OLS Diagnostic: Model significance, model bias and 

Stationarity 

N/S 
Diagnostic  

Name 

Diagnostic 

Value 
N/S 

Diagnostic  

Name 

Diagnostic 

Value 

1 AIC 115.3263 7 
Wald- 

Probability 
4.26E-27 

2 R2 0.782202 8 K(BP) 5.403703 

3 AdjR2 0.509956 9 
K(BP)- 

Probability 
0.368621 

4 F-Stat 2.873136 10 JB 0.259916 

5 F- 0.164235 11 JB- 0.878132 

Probability Probability 

6 Wald 133.5176 12 Sigma2 4496.43 

 

V. CONCLUSION 

In this study, Statistical analysis of hourly rainfall was 

conducted using the Bulletin 17B distributions was employed 

for modeling hourly rainfall depth in southern Nigerian. 

Upper limits were used at 0.05% level of significance. Result 

shows that the rainfall frequency across the southern Nigeria 

is irregular, but generally towns located on the coast such as 

Lagos receive higher mean and maximum rainfall depth as 

compared to those on the in-land. In the study area, 8 Weather 

stations were dispersedly located and the spatial pattern was 

tested and was found to have a Z-score of 5.85, significant at 

0.01% Confident Interval. Daily rainfall shows negative trend 

in Calabar out of the 8 stations and positive trend in seven of 

the stations. The positive trends are observed in all stations are 

statistically significant at 0.01 levels, respectively, R
2
=0.7822. 

The rain amount was found to be and is expected to be 

equaled or exceeded with 95% probability. The paper 

highlights the need to also model other rainfall characteristics 

of duration, intensity and length of dry spell preceding the 

rainfall event at hourly time scale in Southern Nigeria. 
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APPENDIX 1 

AVERAGE NEAREST NEIGHBOR SUMMARY 

 

Given the z-score of 5.85, there is less than 1% likelihood that this dispersed pattern could be the result of random chance. 

Observed Mean Distance: 109229.34 

Expected Mean Distance: 58024.28 

Nearest Neighbor Ratio: 1.882 

z-score: 5.848 

p-value: 0.000000 

 

 

APPENDIX 2 

SPATIAL AUTOCORRELATION REPORT 
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Moran's Index: -0.019295 

 z-score: 0.400668 
 

p-value: 0.688665 

 

 

Given the z-score of 0.40, the pattern does not appear to be significantly different than random. 

Moran's Index: -0.019295 

Expected Index: -0.111111 

Variance: 0.052514 

z-score: 0.400668 

p-value: 0.688665 

 


