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Abstract 

Analysis of rainfall trends is important in studying the impart of climate change for water resources planning and 
management. In this paper, the daily rainfall data of thirty-two (32) years (1982 - 2013) were obtained from the 
Nigeria Meteorological Agency (NIMET), Oshodi, Lagos for some stations across the climatic regions of 
Nigeria and these stations were further divided into four climatic regions according to their weather conditions 
such as Sahel savannah, Derived Savannah, Guinea Savannah and coastal regions. The rainfall pattern as well as 
its spatial distribution with air temperature through different months and years were observed and studied. The 
long time average of monthly and annual amounts of rainfall was calculated and analyzed. It was observed in the 
years of study statistically that highest mean rainfall of 193.38mm occurred in August at Sahel region, 
215.99mm and 214.87mm in September at Guinea and Derived savannah regions respectively and 310.19mm in 
July at Coastal regions. Meanwhile, the average annual rainfall includes 590.831mm in Sahel, 1220.941mm in 
Guinea Savannah, 1381mm in Derived savannah and 1532mm in Coastal. It was observed that rainfall pattern 
below latitude $10^0$ is bi-modal in distribution having a primary peak in June-July and another secondary peak 
in September with little dryness in August. Finally, there is an increasing trend in rainfall amounts and frequency 
towards the middle of the wet season in all the regions in Nigeria. 
Keywords: Spatial distribution, Climate change, Climatic regions, Rainfall and Air temperature. 
 

1. Introduction 

Rainfall is one of the key climatic variables that affects both the spatial and temp oral patterns of water 
availability. One of the challenges posed by climate change/climate variability is ascertainment, identification 
and quantification of trends in rainfall and their implications on river flows in order to assist in formulation of 
adaptation measures through appropriate strategies for water resources management (De Luis et al., 2010). 
Analysis of rainfall trends is important in studying the impacts of climate change for water resources planning 
and management. It has been recognized that global or continental scale observations of historical climate are 
less than useful for local or regional scale planning (Brekke et al., 2009). The climate of a location can be 
understood easily in terms of annual or seasonal averages of temperature and precipitation. The global climate 
has changed rapidly with the global mean temperature increasing by 0.7 oC within the last century (IPCC, 2007). 
However, the rates of change are significantly different among regions. This is primarily due to the varied types 
of land surfaces with different surface albedo, evapotranspiration and carb on cycle affecting the climate in 
different ways (Meissner et al., 2003;Snyder et al., 2004). Increasing flood risk is now being recognized as the 
most important sectorial threat from climate change in most parts of the region which has prompted public 
debate on the apparent increased frequency of extreme, and in particular, on perceived increase in rainfall 
intensities (Oriola, 1994). Several studies have adduced extreme rainfall to b e the ma jor cause of flo o d 
worldwide. Such studies include Bunting et al. (1976), Folland et al. (1986), Odekunle (2001) and Ologunorisa 
(2001). Other studies have identified the characteristics of extreme rainfall that are associated with flood 
frequency to include duration, intensity, frequency, seasonality, variability, trend and fluctuation (Olaniran, 1983; 
Ologunorisa, 2001). Eludoyin (2009) studied monthly rainfall distribution in Nigeria between 1985 − 1994 and 
1995 – 2004 and noticed some fluctuations in most months within the decades. Ayansina and Ogunbo (2009) 
also investigated the seasonal rainfall variability in Guinea savannah part of Nigeria and concluded that rainfall 
variability continues to be on the increase as an element of climate change. The Inter-tropical Discontinuity (ITD) 
is the most popularly accepted medium that influence rainfall distribution in Nigeria (Adejuwon et al., 1990; 
Lamb, 1983; Ayoade, 1983; Ilesanmi, 1981). It is established that in the southern part of ITD, varying degrees of 
convective activity and precipitation takes place, whereas, little or no cloud development or precipitation occur 
in the northern part. The aims of this research are to describe the distributions and patterns of rainfall across four 
climatic regions in Nigeria such as Sahel savannah, Derived Savannah, Guinea Savannah and coastal regions on 
daily, monthly and annual bases. 
 
2. Materials and Methods 

Daily insitu data of rainfall and air temperature were obtained from the Nigerian Meteorological Agency 
(NIMET), Oshodi, Lagos, Nigeria. The thirty-two (32) years data between 1982-2013 were collected for some 
stations which were further divided into four climatic regions of Nigeria according to Olaniran and Summer, 
2005 as shown in Figure 1.  
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Figure 1: Map of Nigeria Showing the investigated Regions and their Stations 

The long time monthly and annual averages were computed. The spatial distribution across each of the regions 
as well as their rainfall characteristics were observed and analyzed. The statistical parameters such as mean, 
mode, median, variance, standard deviation, and skewness of each of the climatic regions rainfall data are 
summarized in Table 1-4. The mean, median and mode give information about the centre of the distribution. The 
variance and standard deviation give information about the variability of the data. They also measured the spatial 
spread distribution of the data. The spatial spread is an indicator of how far away are the data values from the 
centre of the distribution. The variance (σ 2) and standard deviation (σ) were calculated using equations 1 and 2 
respectively.  
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where xi and ¯x represent the daily and monthly mean rainfall respectively, n is the total number of the observed 
rainfall. The coefficients of skewness and kurtosis provide information about the symmetry and length of the tail 
for certain types of distributions respectively. Skewness is a measure of asymmetry of the probability 
distribution of a variable from mean. It tells us the amount and direction of departure from horizontal symmetry. 
It can be positive and negative even undefined. If skewness is zero, the data are perfectly symmetrical. The 
following are the general rules of skewness: 

• If skewness is less than -1 or greater than 1, the distribution is highly skewed. 

• If skewness is between -1 and - 0.5 or between 0.5 and 1, the distribution is moderately skewed. 
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• If skewness is between -0.5 and 0.5, the distribution is approximately symmetric. 
The expression for computing the coefficient of skewness (ξ) is as shown in equation 3 as 
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where xi and ¯x represent the daily and monthly mean rainfall respectively, n is the total number of the observed 
rainfall. Kurtosis is any measure of the peakedness of the probability distribution of a variable. It tells us the 
shape and the central peak is, relatively to that of a standard bell curve. It is standardized fourth population 
moment about its mean. The expression for computing the coefficient of kurtosis (µ) is as shown in equation 4 as 
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where xi and ¯x represent the daily and monthly mean rainfall respectively, n is the total number of the observed 
rainfall. The minus 3 in the expression is often explained as a correction to make kurtosis of normal distribution 
to be equal zero (the kurtosis is 3 for a normal distribution). The following are the general rules of skewness: 

• If kurtosis is greater than 3, the distribution is highly leptokurtic i.e. it is sharper than normal 
distribution, with values concentrated around the mean and thicker tails. This signifies high probability 
for extreme values. 

• If kurtosis is less than 3, the distribution is platykurtic i.e. it is fatter than normal distribution with a 
wider peak. The probability of extreme values is than for a normal distribution, and the values is wider 
spread around the mean. 

• If kurtosis is 3, the distribution mesokurtic i.e. it is a normal distribution. 
 

3. Results and Discussions 

3.1 Statistical Parameters of Rainfall 

Table 1: Statistical parameters of the Rainfall data for the Sahel Region 
Month Min. Max. Mean Median σ2 σ Ξ µ 

Jan 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 

Feb 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 

Mar 0.00 9.00 0.39 0.00 2.72 1.65 5.101 29.967 

Apr 0.00 24.40 4.75 2.35 49.38 7.03 1.793 2.362 

May 0.00 109.20 28.92 16.90 1902.73 30.94 1.422 1.082 

Jun 21.50 197.90 82.25 82.85 957.02 43.62 0.675 0.384 

Jul 33.20 283.00 165.12 170.10 3489.07 59.068 -0.237 0.338 

Aug 41.20 438.90 193.38 183.30 5142.58 71.71 1.113 3.755 

Sep 26.20 243.90 112.15 96.50 3825.64 61.85 0.874 -0.155 

Oct 0.00 90.50 15.78 9.50 461.18 21.48 2.086 4.625 

Nov 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000 

Dec 0.00 3.90 0.21 0.00 0.67 0.82 4.030 15.999 
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Table 2: Statistical parameters of the Rainfall data for the Guinea Savannah Region 
Month Min. Max. Mean Median σ2 σ Ξ µ 

Jan 0.00 74.20 11.92 0.40 457.54 21.39 1.988 2.865 

Feb 0.00 84.40 16.31 6.40 403.98 20.10 1.659 3.471 

Mar 9.40 170.30 61.10 48.10 1880.14 43.36 1.099 0.673 

Apr 43.60 192.00 111.65 110.90 1991.72 44.63 0.222 -1.038 

May 49.00 458.50 165.31 157.10 5600.58 74.84 1.975 6.913 

Jun 52.00 328.60 178.91 168.55 4232.12 65.05 0.407 -0.358 

Jul 28.70 276.20 147.59 140.60 4390.26 66.26 0.091 -1.088 

Aug 46.50 308.00 146.89 141.70 4395.23 66.30 0.619 0.082 

Sep 116.00 298.90 215.99 216.30 1968.56 44.37 0.204 0.009 

Oct 40.90 370.30 169.56 153.90 7400.41 86.03 0.625 -0.498 

Nov 0.00 132.40 21.32 4.10 1068.68 32.69 2.195 4.841 

Dec 0.00 42.10 4.98 0.00 97.24 9.86 2.549 6.731 

 
Table 3: Statistical parameters of the Rainfall data for the Derived Savannah Region 
Month Min. Max. Mean Median σ2 Σ Ξ µ 

Jan 0.00 24.60 4.32 0.10 57.80 7.60 1.581 4.114 

Feb 0.00 121.10 41.86 35.00 1187.63 34.46 0.474 2.111 

Mar 0.40 175.00 85.95 91.90 2336.08 48.33 -0.028 1.733 

Apr 46.90 220.30 132.01 136.75 2123.63 46.08 0.141 2.158 

May 35.40 353.60 166.99 150.80 4520.69 67.24 0.542 3.213 

Jun 72.40 383.00 206.48 196.60 5508.64 74.22 0.339 2.374 

Jul 47.20 338.70 193.98 199.30 6811.60 82.53 0.039 1.089 

Aug 36.00 296.50 148.77 142.60 3811.25 61.74 0.451 2.660 

Sep 57.00 415.30 214.87 204.20 5732.34 75.71 0.497 3.625 

Oct 43.00 345.00 188.93 203.30 6658.32 14.66 -0.094 2.002 

Nov 0.00 171.70 27.90 10.75 1730.40 41.60 1.855 5.954 

Dec 0.00 48.30 9.31 2.00 189.21 13.76 1.437 3.758 

 
Table 4: Statistical parameters of the Rainfall data for the Coastal Region 

Month Min. Max. Mean Median σ2 Σ Ξ µ 

Jan 0.00 67.10 17.03 7.50 454.81 21.33 1.136 0.043 

Feb 0.00 97.60 35.79 30.95 939.75 30.66 0.561 -0.847 

Mar 0.00 194.50 69.94 62.80 2923.48 54.07 0.932 0.095 

Apr 38.70 402.50 141.27 116.40 7931.79 89.06 1.821 3.251 

May 55.00 316.40 197.09 212.60 5334.30 73.04 -0.311 -0.995 

Jun 117.60 530.50 310.19 291.25 15467.98 124.37 0.090 -1.196 

Jul 33.00 442.50 209.35 189.20 13620.73 116.71 0.600 -0.630 

Aug 6.20 372.80 81.38 70.30 4334.57 65.84 3.059 12.748 

Sep 81.00 310.40 206.09 207.20 3732.57 61.09 -0.178 -0.681 

Oct 53.50 384.40 162.67 159.10 4107.24 64.09 1.267 3.580 

Nov 0.00 202.70 90.23 81.35 3098.53 55.66 0.258 -0.866 

Dec 0.00 99.40 22.83 18.90 666.94 25.83 1.402 1.851 

Table 1 showed the statistical analysis of rainfall in the Sahel regions. There following observations 
could be deduced from Table 1. There was no record of rainfall in the three months (January, February and 
November) and zero value of minimum rainfall in eight months in the region. There were moderate amount of 
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rainfall in the remaining months with highest value of 438.90 mm and highest mean value of 193.38mm in 
August in the zone. Rainfall is highly skewed in five months (March, April, August, October and December) and 
moderately skewed in two months (September and June). Kurtosis analyses also indicated that the distribution of 
rainfall in four months (March, August, October and December) in the zone were leptokurtic, five months (April, 
May, June, July and September) were Platykurtic and three months  (January, February and November) were 
symmetric. 

Table 2 showed the statistical analysis of rainfall in the Guinea Savannah regions. There following 
observations could be deduced from Table 2. There was zero value of minimum rainfall in four month (January, 
February, March, November and December) in the region. There were moderate amount of rainfall in the 
remaining months with highest value of 458.50 mm in May and highest mean value of 215.99 mm in September 
in the zone. Rainfall is highly skewed in six months (January, February, March, May, November and December) 
and moderately skewed in six months (April, June, August, September and October). Kurtosis analyses also 
indicated that the distribution of rainfall in four months (February, May, November and December) in the zone 
were leptokurtic, eight months ( January, March, April, June, July , August, September and October) were 
Platykurtic. 

Table 3 showed the statistical analysis of rainfall in the Derived Savannah regions. There following 
observations could be deduced from Table 3. There was zero value of minimum rainfall in four months (January, 
February, November and December) in the region. There were moderate amount of rainfall in the remaining 
months with highest value of 415.30 mm and highest mean value of 214.87 mm in September in the zone. 
Rainfall is highly skewed in three months (January, November and December) and moderately skewed in nine 
months (February – October). Kurtosis analyses also indicated that the distribution of rainfall in five months 
(January, April, September,  November and December) in the zone were leptokurtic, seven months ( February, 
March, April, June, July , August and October) were Platykurtic. 

Table 4 showed the statistical analysis of rainfall in Coastal region. There following observations could 
be deduced from Table 4. There was zero value of minimum rainfall in eight months in the region of rainfall in 
the five months (January, February, November and December) in the region. There were slightly heavy amount 
of rainfall in the remaining months with highest value of 530.50 mm and highest mean value of 310.19 mm in 
June in the zone. Rainfall is highly skewed in four months (January, April, August and December) and 
moderately skewed in six months (February, March, May, June, September and October). Kurtosis analyses also 
indicated that the distribution of rainfall in three months (April, August and October) in the zone were 
leptokurtic, nine months ( January, February, March, May, June, July , September, November and December) 
were Platykurtic. 

 

3.2 Daily and Monthly Distribution of Rainfall 

In the Sahelian region, the highest amount of rainfall was observed in August. There was about six months of 
dryness without rainfall. This may due to prolong increasing evapotranspiration, drought and desertification 
prevalence in the zone as it was observed by Adefolalu (1986) and Odjugo and Ikhuoria (2003). There was a 
peak rainfall in August in contrast to the usual depression in rainfall associated with the month in the other zones 
in Nigeria. This may due to the presence of inter-tropical discontinuity (ITD) of the northern monsoon which 
drives African Easterly Jet (AEJ) from the other regions of the country and causes a temporary dryness in those 
zones. The rainfall pattern has modal distribution with single peak (see Figure 2 and 3). In the Guinea Savannah 
region, there was a slightly oscillating pattern of rainfall with bi-modal distribution. The primary peak in rainfall 
was observed in June-July and the secondary peak was observed in September-October but the primary peak is 
less than the secondary peak is as shown in Figure 2 and 3. This may due to the seasonal distribution of rainfall 
in the region which follows the direction of the inter-tropical discontinuity (ITD), a great determinant of most 
rainfall attributes in the region and varies almost proportionally with the distance from the coast in line with the 
observation of Ilesanmi (1981). There was a deep between primary and secondary peaks in August as a result of 
African-easternly Jet and over lain of the area by the Continental Tropical (cT) air mass as it was also observed 
by Ilesanmi (1981), Ayoade and Akintola (1982) and Omotosho (2007). 
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Figure 2: The Daily Variations  of Rainfall across Climatic  Regions in Nigeria. 
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      Figure 3: The Monthly Variations of Rainfall across Climatic  Regions in Nigeria. 

In the Derived Savannah region, there were notable primary and secondary peaks which were almost of 
equal height in June-July and September respectively. A fairly oscillating pattern of rainfall with bi-modal 
distribution was observed in the region. There was also a little dryness in August between the two peaks. It was 
also observed that there was decrease in the amount of rainfall in the zone as compared with coastal zone. This 
decreases may be attributed to variation in local factors such as orography, boundary layer forcing and build up 
as was also observed by Akinsanola and Ogunjobi (2014).In the Coastal region, there was a prominent 
oscillating pattern of rainfall with a conspicuous bi-modal distribution. The primary peak observed in between 
June and July is higher than the secondary peak in September. There was a usual deep between the peaks in 
August (see Figure 2 and 3). This may also due to the African-easterly Jet and over lain of the area by the 
Continental Tropical (cT) air mass as it was also observed by Ilesanmi (1981), Ayoade and Akintola (1982) and 
Omotosho (2007). The Increase in rainfall in this region may partly be responsible for the increase in flood event 
devastating the coastal cities as observed by Ikhile (2007) and Nwafor (2007). 
 
3.3 Annual Distribution of Rainfall with Air Temperature 

Figure 4 shows the distributions of rainfall with air temperature in the four climatic regions of Nigeria over 
thirty-two years (1982-2013). The following observations were made from the figures: There was highest rainfall 
in 1998 in all the regions. This may due to the prevalence of inter-tropical discontinuity and the tropical maritime 
(mT) air mass overlain all areas of the regions in this particular year as it was also observed by Ayoade (1983), 
Ilesanmi (1981), Lamb (1983) and Adejuwon et al. (1990). The annual peak amount of rainfall in the regions 
observed in 1998 include 1250 mm in Sahel, 2200 mm in Derived savannah, 2300 mm in Guinea Savannah and 
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2700 mm in coastal regions. There was also oscillating patterns of rainfall in all the regions. The least amount of 
rainfall was observed in 1982 in the Sahel and in 1983 in the Derived savannah, Guinea Savannah and Coastal 
regions. 

 
Figure 4: The Annual Variations of Rainfall with temperature across Climatic Regions in Nigeria. 

Furthermore, there was consistent observable depression in the amount of rainfall in every half decade 
yearly interval in all the regions. There was a progression of almost three years interval of increase in the amount 
of rainfall in all the regions. The increase trends in the amount of rainfall were observed along the thirty-two 
years across the regions but the intensity of rainfall varies from one region to the other. 
Finally, in comparison with the air temperature, there was increase in the amount of rainfall as the temperature 
decreases in the Sahel, Guinea savannah and Derived savannah regions. However, rainfall and air temperature 
follow the same pattern in the Coastal region. This attest to the fact that increases in air temperature dictates the 
amount of rainfall received in the coastal cities. This may due to the dependence of rainfall in the region on sea 
surface temperatures of Atlantic Ocean from the Gulf of Guinea, southward up to the Benguella current region of 
Southern Atlantic Ocean, land/sea thermal and surface location of ITD as also observed by Adedokun (1978), 
Rasmusson (1985) and Burroughs (1992).  
 
3.4 Spatial Distribution of Rainfall in Nigeria 

Figure 5 shows the contour map describing the spatial distribution of rainfall along the lines of latitude and 
longitude based on the investigated stations across the four climatic regions in Nigeria. It was observed that 
rainfall in the lower latitude almost doubled that of the higher latitude across the regions in Nigeria. This is in 
line with the work of Nicholson (1994) who rep orted that rainfall in West Africa generally decreases with 
latitude with essential zonal isohyets. The intensity of rainfall increases with increase in latitude and longitude. 
The intensity of rainfall is highest in the Coastal region along the longitudes between 50 and 120 with latitudes 
between 50 and 70 i.e in Port-Harcourt, Calabar and Enugu. There was also cases of high rainfall around the 
confluence cities (see Figure 5).  
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Figure 5: Spatial Distribution of Rainfall in Nigeria 

This is expected because they are in riverine areas. The least rainfall intensity was observed in the 
North-eastern part of Nigeria. This is expected because rainfall in North-eastern Nigeria is controlled by the 
West African Monsoon which makes the air mass to dominate the region in response to a low pressure belt 
developing in North Africa with a parallel high pressure belt existing off the Gulf of Guinea. This in turn affects 
the rainfall producing phenomena such as ITD, ITF and Tropical continental air mass as it was also observed by 
Lamb (1983). 
 
4. Conclusion 

The spatial analysis of rainfall over four climatic regions has been studied extensively. It has been observed that 
rainfall pattern below latitude 100 is bi-modal distribution having a primary peak in June-July and another 
secondary peak in September with little dryness in August identified to be a result of Africa Eastern Jets and 
Tropical continental air mass of the West African Monsoon. It was also observed statistically that the highest 
mean rainfall occurred in August at Sahel region, in September at Guinea and Derived savannah regions and in 
July at Coastal regions. Finally, there was an increasing trend in rainfall amounts and frequency towards the 
middle of the wet season in all the regions in Nigeria. These results can be used by stakeholders with interests in 
rain-fed agricultural schemes especially in decision making for the timing of planting of crops, selecting the 
appropriate variety of crops to plant and in irrigation and water management schemes. 
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