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Rainfall pattern, trend and variability, are major indicators used in evaluating any investigation 

that relate to agriculture particularly because of the crucial role it plays in agricultural 

productivity. The purpose of this research is basically to examine the extent of variation in 

rainfall pattern of the study area. This is necessary because the study area is majorly an 

agrarian community where rainfall agriculture is mainly practiced. Rainfall totals for every 

month covering a period of 31 years were collected from the Nigeria meteorological agency 

of Nigeria and analysed for variation, fluctuation using mean, moving average, standard 

deviation, coefficient of variation and linear regression while Kruskal wallis H test was used 

in testing the hypothesis. Result indicated that there have been statistically significant 

increases in rainfall totals in the study area. Analysis indicates that rainfall possesses a positive 

trend and as such the area is getting wetter by 8.9318mm per annual.  In conclusion, agriculture 

can be improved upon towards creating more jobs for the youths in order to reduce 

unemployment, achieve food security and ultimately enhance agricultural sustainability. The 

implication of this increasing rainfall trend for farmers as well as the government is the 

opportunity to increase crop production and animal rearing since more rainfall can be 

gathered.  
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1. INTRODUCTION

Weather and climate are significant phenomena that affect 

the environment and activities on the earth surface in diverse 

way particularly agriculture. Agriculture being one of the most 

weather-dependent of all human activities is highly vulnerable 

to climate change [1]. One of the most important climatic 

elements that determine agricultural productivity in Nigeria 

and particularly in South-eastern Nigeria is rainfall; this is 

because agricultural activity in this zone is highly sensitive to 

rainfall pattern as rain-fed agriculture is majorly practiced [2]; 

[3-4]. The changes in rainfall pattern as well as the duration 

are important factors to consider in the areas of agriculture, 

forest, coastal ecosystem, as well as other aspect of the 

environment that makes life meaningful to man. Researches 

have revealed that rainfall is changing on both global and 

regional level as a result of global warming [5-6]. Although 

the present warming has been greatly attributed to man 

activities as a fall out of industrial revolution, yet, it has not 

been uniformed across the planet, so also are its manifestation, 

impact and consequences. As a response to the warming in 

temperature, rainfall has trended downwards in some places 

and risen in other areas and sea level has risen between 1 to 

3mm per year [7]. This change in rainfall seems to be having 

a great influence on the environment particularly the 

agricultural sector. Researches have shown that Nigeria is 

already experiencing some effects of these changes in different 

ecological setting which can be linked to changes in climate 

[8-12]. These changes in climate could be positive or negative. 

Instances of this negative impact include incidences of 

droughts which are now more frequent in some part of the 

world and in some cases takes a longer time. For examples 

countries like Rwanda, Kenya, Ethiopia, South Sudan and 

Somalia experienced some of the worst droughts in decades 

recently. According to [13], more than 70 million people are 

facing hunger around the world and one of the primary causes 

of this hunger has been attributed to drought which is a direct 

consequence of declining rainfall. In the same vein, four 

countries, Yemen, Somalia, South Sudan and Nigeria 

(Northern part) now faces drought. This is because as the 

planet warms, rainfall patterns tend to shift thereby resulting 

in extreme events such as droughts, famine, flood, and forest 

fire which are becoming more frequent and pronounce [14]. 

An extension of these extreme events could be low agricultural 

production which will lead to famine and food insecurity. In 

Ebonyi State, crops and animals derived their water resources 

largely from rainfall sources. Rainfall is regarded as a major 

determinant of the crop type to be grown in the State and also 

the period of cultivation of such crops and the farming systems 

that is practiced in the area. Rainfall is also regarded as one of 

the most important climatic variable over West Africa, as it is 

still the major source of moisture for agricultural activities 

over this region [15]. Therefore, the trend, variability of 

rainfall and the pattern of how high or low precipitation occurs 

in terms of rainfall are very important for agricultural 

sustainability as well as the economy of the State in general. 

As a declining and/or rising trend in rainfall trend may be quite 

informative for the various sectors of the human and natural 

systems of the State [8]. This research is particularly 

significant because of the current move by government at all 

levels to encourage agriculture in Nigeria in order to diversify 

the economy, ensure adequate food for the populace and 

generate additional income to support the low revenue from 

oil. To achieve this, vital information is required for the design 
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of water supply and supplemental irrigation system to support 

agricultural sustainability should the need arise. Therefore, 

this paper examines the trend and variability of rainfall in 

Ebonyi State, with the view to providing vital information for 

planning and policy formulation towards agricultural 

sustainability for the well- being of the people. This is because 

Ebonyi State's agricultural productivity is one of the highest in 

Nigeria. 

Research hypothesis: 

H0: There is no statistically significant increase in rainfall 

over the period 1984-2015 in the study area. 

 

 

3. DESCRIPTION OF AREA 

 

The study is located in Ebonyi State depicted in Fig. 1, 

which is one of the States in South-eastern Nigeria. Ebonyi 

State lies approximately within latitudes 5° 40’ and 6° 45’ 

North of the Equator and longitudes 7°30' and 8°30'East of the 

Greenwich meridian. The prevailing climatic condition in the 

area is characterized primarily by two regimes which are the 

rainy and the dry seasons. The rainy season is usually from 

April to October; while the dry season starts from October 

through to February. The area can be described as having a 

bimodal rainfall pattern [16]. The wet season has its first peak 

in July and the second occurs in September, the area records 

annual rainfall of between 1613.8mm to 2136.27mm [17], the 

dry season starts in November, when the dry continental 

North-eastern wind blows from the Mediterranean Sea across 

the Sahara desert and Samarian desert and down to the 

southern part of Nigeria. About 60-70% of the dwellers of 

southeast zone are found to engage in agriculture mainly crop 

farming [18]. Agriculture is a very significant sector of the 

economy for the zone and the sources of raw materials used in 

the processing industries which serve as another area of 

employment and income generation for the people.  

 

 
 

Figure 1. The study area: Ebonyi state, south- eastern 

Nigeria 

 

 

3. MATERIALS AND METHODS 

 

3.1 Data Used 

 

Monthly rainfall data covering 31 years period from 1984 

to 2015 for the study area were obtained from the Nigerian 

Meteorological Agency (NIMET) Oshodi, Lagos. 

 

3.2 Data analysis 

 

Data analysis was carried out from the Rainfall data 

obtained and analyzed for trend and fluctuation using Mean, 

moving averages, Standard deviation, coefficient of variation 

and linear regression. Hypothesis was tested using Kruskal-

Wallis H test. 

Their expressions are as follows: 

 

3.2.1 Mean 

The mean statistic is used in the study to determine the 

differences in the decadal means of the elements as a way of 

showing decadal variation between 1984 and 2015. 

 

                                                                          (1) 

 

where i runs from 1 to n; x, the rainfall values, and n, the 

number of years.  

 

3.2.2 Moving average or running mean 

Moving average is a smoothing method that is needed to 

check out some up and down i.e. in finding trend that might 

exit in data as trends tend to be obscured by the random errors. 

The simplest way of smoothing a time series data is to use a 

moving average. An average value is computed by using only 

a specified set of values. In this study, a 5-year moving average 

is used. 

The 5- years moving average is written as: 

 
𝑦1+𝑦2+𝑦3+𝑦4+𝑦5

𝑛
                                                                      (2) 

 

where n is 5 years order and y the variable in this case rainfall. 

 

3.2.3 Standard deviation  

Standard deviation is one of the simplest ways of measuring 

climate variability by using the standard deviation estimator in 

measuring dispersion. It is used in this study to show the 

absolute variability in rainfall from 1984 to 2015. Sample 

standard deviation Sx is given as 

 

𝑠𝑥 = √∑ (𝑥𝑖−�̅�)²

𝑛−1
   …                                                         (3) 

 

where 𝑆𝑥= the estimator of the standard deviation 𝜎𝑥 of a 

climate variable X 

The closer the value of standard deviation is to zero for any 

dataset, the smaller is the dispersion. This means that the data 

values are closer to the mean value of the dataset and that the 

data is more reliable for analysis [19]. 

 

3.2.4 Coefficient of variation 

 

 It is not easy to interpret the standard deviation as a 

measure of dispersion on its own. This is because a small value 

for standard deviation shows that the dispersion of the dataset 

is low. Nevertheless, the magnitude of these values depends 

on what is being analysed. Therefore, a method to overcome 

this difficulty of interpreting the standard deviation is to take 

into account the value of the mean of the data and employ the 

use of coefficient of variation. It is used in this study to show 

the relative variability of rainfall over time. The coefficient of 

variation, 𝑉𝑥, is a relative measure of variability and is defined 

as follows [20]: 

 

𝑉𝑥
𝑆𝑥

𝑥
                                                                                     (4) 
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3.2.5 Kruskal-Wallis H test 

The Kruskal-Wallis H test is a rank-based nonparametric 

test which can be used to determine if there are statistically 

significant differences between two or more groups of an 

independent variable on a continuous or ordinal dependent 

variable. It is considered the nonparametric alternative to the 

one-way ANOVA, and an extension of the Mann-Whitney U 

test to allow the comparison of more than two independent 

groups. It is used to test the Hypothesis stated.  The Kruskal 

test statistics is as follows:  

 

H =
12

𝑛(𝑛+1)
∑ = 1

𝑅𝑖2

𝑛𝑖

𝑐
𝐽=1 − 3(𝑛 + 1)                                     (5) 

 

where 

 

N = sum of sample sizes for all samples, 

C = number of samples 

Tj = sum of ranks in the jth sample, 

nj = Size of the jth sample 

 

3.2.6 Linear regression 

The least squares regression is used in the study to model 

the trends in rainfall data over the 31 years period. The result 

helps to determine the overall average rates of change in trends 

of annual rainfall totals in the study area. 

The equation for least square regression is 

 

Y = a + b 𝑥                                                                           (6) 

 

where 

 

b =
𝑛 ∑ 𝑥𝑦−(∑ 𝑥)(∑ 𝑦)

𝑛 ∑ 𝑥
2

−(∑ 2𝑥)
                                                                 (7) 

 
And  
 

a =
∑ 𝑦

𝑛
−

𝑏 ∑ 𝑥

𝑛
= �̅� − 𝑏�̅�                                                         (8) 

 

a is the intercept; b the regression coefficient or slope;  

y =the rainfall values (dependent variable); 

x=the time in years ;( independent variable) 

x̅= the mean time; and 

= the mean rainfall value. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Rainfall trend, pattern and variability 

 

After applying a 5-year moving averages to filter out the 

irregular fluctuations between successive rainfall 

observations, annual rainfall trend lines were drawn leaving 

only a few peaks and depression (Figure 2). Thereafter, the 

linear regression was applied to show the trend, intercepts, 

slopes and regression lines. The result generated is shown in 

table one and as graphs in figure 2. Results showed that rainfall 

possess an upward trend which means that the study area is 

getting wetter by 8.937mm annually. The annual rate of 

increase in rainfall totals (8.937mm) has implication for other 

component of weather and climate this is because this increase 

in annual rainfall totals will make the area even wetter. This 

would bring about increase in evapotranspiration if wet 

surfaces exist and by extension other component of the 

ecosystem such as vegetation, agriculture, and water-bodies 

will be impacted upon. Equally, absolute variability of annual 

rainfall is represented graphically against time in Figure 3, the 

period from 1984 to 1986 showed a rapid decrease in rainfall 

then went up in 1990 which was the highest absolute 

variability value recorded for the period. From 1990 to 2015 it 

had frequent fluctuation in between the period. Similarly, Fig. 

4 show relative variability of annual rainfall. A noticeable 

phase can be seen in 2008 with a drop in annual rainfall. 

However, it exhibits a frequent ups and down within the study 

period. Although, relative variability experienced a downward 

trend (-0.2015mm) but absolute variability showed a positive 

trend of 0.2899mm. From the result, one can say that Ebonyi 

State, being one of the State known for farming in Nigeria is 

experiencing increase in rainfall which is a great advantage for 

farming. Therefore, this advantage should be utilized for the 

benefit of the citizen for better prospect towards food security. 

 

Table 1. Trends in rainfall totals for Ebonyi State 

 

Climate variable period Regression line equation 

Annual rainfall 1984-2015 Y= 8.9318x-16037 

 

 
 

Figure 2. Trends of annual rainfall totals for Ebonyi 

state 

 

 
 

Figure 3. Standard deviation of annual rainfall totals 

 

 
 

Figure 4. Coefficient of variation in annual rainfall totals 
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4.2 Decadal variability of rainfall 

 

In this study, three decades were considered in observing 

variability in rainfall over time. In Table 2 Total rainfall has 

increased over the decades. Average rainfall increased steadily 

over the decades also. But as for rainfall variability, rainfall 

volume in the area experienced slightly increasing trend. In the 

same manner, relative variability and absolute variability both 

increased during the first two decades but experienced a 

decline in the last two decades indicating variability.  

 

Table 2. Decadal variability of rainfall over Ebonyi state 

from 1984 -2015 

 
climate 

variable 

Statistical 

tool 

1984-

1993 

1994-

2003 

2004-

2013 

2014-

2015 

Annual   

total 

rainfall 

(mm) 

Total 

STD 

CV % 

Mean 

16931 

1288.08 

907.35 

1693.08 

18512 

1371.28 

894.11 

1733.32 

18916 

1357.16 

866.94 

1891.49 

3951 

264.25 

160.38 

1975.4 

 

4.3 Hypothesis testing 

 

To test the hypothesis, the Total annual rainfall data from 

1984- 2015 was computed in decades as shown in Table 3 and 

test statistics in Table 4. Kruskal-Wallis H test revealed that 

there was a statistically significant increase in rainfall between 

1984 - 2015, at χ2 = 6.325, p = 0.042< 0.05, with a mean rank 

pain score of 10.60 for first decade, 15.40 for second decade 

and 20.50 for third decade. Therefore, we can conclude that 

Ebonyi State experienced significant increase in rainfall from 

1984 to 2015. This increase could be attributed to the 

variability/change being experienced in climate over the study 

period. 

 

Table 3. Decadal rainfall total from 1984- 2015 

 
Ranks 

 identifiers N Mean Rank 

Rainfall 

first decade 10 10.60 

second 

decade 
10 15.40 

third decade 10 20.50 

Total 30  

 

Table 4. Test statistics for Decadal rainfall total from 1984- 

2015 

 
Test Statisticsa,b 

 Rainfall 

Chi-Square 6.325 

df 2 

Asymp. Sig. .042 

a. Kruskal Wallis Test 

b. Grouping Variable: identifiers 

 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

 

This study examined trend and variability in rainfall over 

Ebonyi State, Nigeria between 1984 and 2015. The analysis 

showed that rainfall of the State has fluctuated substantially. 

The results revealed that there is a significant increase 

(positive trend) in rainfall of the study area, Therefore, from 

the results obtained from the study, the increasing rainfall in 

Ebonyi State is a signal to the advantage that is derived from 

global warming in the area directly for crop farming and 

animal production indirectly which should be harness in order 

to boast food security and create employment in the State and 

Nigeria as a whole. It is important to state that, this increase in 

rainfall is an advantage for the study area and areas like it with 

this kind of setting where agriculture is the mainstay of the 

people and crop farming is greatly dependent on rain fed. But 

on the negative part is flooding, property destruction, 

pressures on dam walls, and so on which is occasioned by 

increased rainfall. Therefore proactive measures should be put 

in place by concern agency to reduce these adverse negative 

effects that comes with increasing rainfall which should 

include more dams to accommodate more water. Importantly, 

agriculture can be enhanced through this increasing rainfall 

towards job creation, food security and ultimately achieving 

agricultural sustainability. 
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