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Introduction
Climate is a function of a region’s weather over a period of time 

and depends on latitude and the geographical location of a place. 
Climate change is a vital factor that determines the environmental, 
social and economic issue. Climate change is a global occurrence 
and is a function of latitude, terrain, altitude and water system which 
cause it to vary from one place to another.1 IPCC,2 Reported that the 
Sub-Saharan region of Africa is highly prone to climate change.3 
According to IPCC,2 Climate change influenced the distribution of 
the world’s rainfall to fluctuate which lead to more chaotic weather 
around the world. Undoubtedly, the world is presently under the 
threat of climate change problems like global warming, greenhouse 
gas effects, flooding, acid rain typhoons, rising sea levels, rising sea 
temperatures resulting in depletion of marine organisms, earthquakes, 
windstorms, land and mudslides, desertification, tsunami, erosion, 
volcanic activities, hurricanes, pollution, deforestation among several 
others. This was attributed to an increase in the average global 
temperature. Climate change is principally a major problem caused 
by the increase in anthropology activities leading to several direct 
and indirect impacts on health.4 Amount of moisture circulating in 
the atmosphere increases as evaporation rates, which is associated 
with tropospheric warmth increases. This contributes to more 
humidity and intense precipitation that trigger more flooding over 
land.5 Many resources which include air, water, soil, minerals, metals, 
energy, plants, and animals needed by Humans being are anchored 
on Earth’s land, ocean, atmosphere, and biosphere. As the global 
human population increases and people’s demands for better living 
conditions increase, resources considered readily available in the past, 
such as land for agriculture or drinkable water, are becoming scarcer 
and more valued. It threatens the achievement of the Millennium 
Development Goals aimed at poverty and hunger reduction, health 
improvement and environmental sustainability.6 This factor is highly 
necessary for Africa, where the majority depend on agriculture. The 
impact of climate change on crop yields is, therefore, a major concern 
in this region. 

In southern Nigeria, climate change is also reflected in the massive 

flood experienced in 2012, where houses, farms, farm products, 
properties, and even human beings were swept away. Akukwe et 
al.,7 Recorded various locations across Nigeria that have an incident 
of a devastating flood. The rainfall is changing on both the global 
and the regional scales.3,8‒13 Water resources of a region such as a 
streamflow, soil moisture, and groundwater are influence of changes 
in hydrological factors which anchor majorly on precipitations. This 
work covers six stations across the southern region of Nigeria as shown 
in Figure 1. This region is tropical humid characterized by long wet 
season (April-October) and a short dry season (November-March). 
The climate of southern Nigeria is regulated by the influence of the 
Tropical Maritime (mT) air mass, and the Tropical Continental (cT) 
air mass. The mT air mass originates from the southern high-pressure 
belt located off the Namibian Coast. The mT and cT air masses 
converge at a place called the Inter Tropical Discontinuity (ITD). The 
seasonal northward and southward migration of the ITD dictates the 
weather pattern of Nigeria.14 Average rainfall in this region is between 
1524 mm and 2032 mm.

Figure 1 Southern Nigeria showing study locations.
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Abstract

This study examines the comprehensive precipitation trend and temperature trends 
across six locations in southern Nigeria using 1971 to 2010 monthly data obtained from 
the Nigeria meteorological agency (NIMET). Spatio-temporal variation of monthly 
rainfall was examined across the region. Non-parametric Mann Kendall method was 
used to investigate the monthly, seasonal and annual rainfall and temperature trends 
across this region. The analysis of rainfall revealed a most significant increasing trend 
in most of the locations with few decreasing trends. Likewise, a significant increasing 
trend was observed in temperature indicators. Decadal wise percentage of rainfall with 
the occurrence of the deficit and excess rainfall years were also examined. Rainfall 
was forecast till the year 2050 using Fourier analysis method. The result showed the 
increasing trend rate of rainfall oscillating between 0.046mm/year and 0.29mm/year 
in this region. This suggests increasing expected flood in southern Nigeria.
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Data and methodology
Forty years monthly rainfall (mm), maximum temperature, 

minimum temperature (degree Celsius) across the six stations in 
Southern Nigeria from 1971 to 2010 were collected from the Nigerian 
Meteorological Agency (NIMET) archive. Monthly and seasonal 
variation of rainfall were constructed the obtained data. Statistical 
features of precipitation were examined across the region.

Data analysis

Kendall’s test which was first adopted by Hirsc et al.,15,16 and 
modified by Mann-Kendall analysis17,18 is normally used to detect 
rainfall and temperature trend. This analysis can handle normality, 
seasonal data and it also has high asymptotic efficiency Fu et al.19 
Fu et al.,20 Kendall test was applied on monthly, seasonal and annual 
rainfall and temperature data at a particular station to estimate Kendall 
statistic, Z using.18,20,21 

( )

( )

1
2

1
2

1 0

0 0
1 0

s if s
Var s

Z if s
s if s

Var s

 −
>

  
= =
 + <

  

                 (1)

where 

( )
( )( ) ( )( )1 2 5 1 2 5

18

n n n t t t
tVar s

 
− + − − +∑ 

  =                         (2)

( )
1

1 1

sgn
n n

j k
k j k

s x x
−

= = +

∑= −∑                    (3)

1 0
( ) 0 0

1 0

if y
sign y if y

if y

 >


= =
− <

                                                       (4)

Where x is a variable, a sample n independent and identically 
distributed random variables (monthly rainfall or temperature). 
A positive or negative Z represents an upward or downward trend 
respectively. The linear rate of change is determined from Sen’s 
slope. The magnitude of the trend is estimated using the Sen’s slope 
estimator22,23 A positive value of β denote increasing value with time 
(an upward trend), where a negative value of β represents a downward 
trend Asfaw et al.,24 Fu et al.20

 Sen’s slope estimation is 
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Where xjk and xik are considered as data values at time j and i is the 
media over all possible combinations of pairs from the month for the 
entire dataset.

Fourier series

Fourier model was developed to predict and forecast rainfall till 
2050. Monthly rainfall, y(t) were generated using:
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Where ao is constant, an and bn are amplitude constant, n is an 
integer (1<n<∞).

Result and discussion
Seasonal distribution of rainfall in southern Nigeria

In Figure 2 the value of rainfall across this region has represented 
was higher in the rainy months of April-October. Two peaks were 
discernible during this period (July and September). These peaks 
concise with the peak of stratiform and convective rainfall respectively. 
The dip in between noticed in August during which short period of 
the dry season normally experienced in southern Nigeria (also known 
as August break). During this period, intertropical discontinuity 
reaches its peak in the north before it starts to migrate southward. 
Southern Nigeria. Table 1A–Table 1F show some characteristics of 
precipitation across the six locations during various decades. The 
maximum mean value of 131.6, 119.2, 114.4 and 195.8 was observed 
in Lagos, Ibadan, Osogbo and Benin respectively during the fourth 
decade of 2001-2010. In Port Harcourt and Calabar, maximum, mean 
values of 194.0 and 251.4 respectively, were observed during the third 
decade of 1991-2000. The variation between the fourth decadal mean 
and median across the locations depict that the precipitation across 
this region in Nigeria has experienced a lot of up and down during 
this period. The values of upper quartile (Q1) and lower quartile (Q1) 
indicate oscillation of rainfall during this period in the entire region. 
High coefficient of variation noticed across all the locations depicts 
daily instability and oscillation of rainfall during the decade. Positive 
and negative skewness and kurtosis were observed during different 
decades across the locations.

Table 1A Statistical description of rainfall features in Lagos during different 
decades

  Lagos   

Index 1971-1980 1981-1990 1991-2000 2001-2010

Mean 115.8 114.6 123.2 131.6

Standard Error 6.0 8.4 7.9 4.4

Median 117.9 114.4 130.7 125.3

STD 19.1 26.6 25.1 14.0

Var 364.6 706.3 629.9 196.8

Kurtosis -1.7 -0.4 -0.5 -1.8

Skewness -0.1 0.2 0.1 0.4

Range 48.1 87.1 81.3 35.4

Minimum 92.4 74.6 87.1 116.0

Maximum 140.5 161.7 168.3 151.3

Q1 96.2 94.3 102.4 121.5

Q3 129.7 128.2 136.5 143.9
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Table 1B Statistical description of rainfall features in Ibadan during different 
decades

   Ibadan   

Index 1971-1980 1981-1990 1991-2000 2001-2010

Mean 106.7 100.5 110.0 119.2

Standard Error 9.6 7.0 7.9 5.0

Median 97.7 107.0 108.9 113.6

STD 30.3 22.2 24.9 16.0

Var 916.4 494.6 618.4 254.4

Kurtosis -0.3 -0.6 -1.1 -1.1

Skewness 0.9 -0.5 0.3 0.6

Range 88.6 70.2 75.8 45.0

Minimum 75.3 63.4 75.5 100.4

Maximum 163.9 133.6 151.2 145.3

Q1 81.7 83.7 90.9 107.5

Q3 119.9 112.7 125.5 128.5

Table 1C Statistical description of rainfall features in Osogbo during different 
decades

  Osogbo   

Index 1971-1980 1981-1990 1991-2000 2001-2010

Mean 100.9 109.7 114.1 114.4

Standard Error 5.8 4.6 4.1 5.4

Median 98.3 110.2 113.2 115.9

STD 18.4 14.5 12.9 16.9

Var 339.0 211.6 167.7 286.8

Kurtosis 0.6 0.0 0.3 0.0

Skewness 0.1 0.6 0.9 -0.2

Range 62.5 47.6 40.1 56.4

Minimum 66.9 90.5 100.3 84.6

Maximum 129.4 138.2 140.4 141.0

Q1 95.4 98.8 103.3 108.7

Q3 104.6 116.7 119.1 120.5

Table 1D Statistical description of rainfall features in Benin during different 
decades

 Benin   

Index 1971-1980 1981-1990 1991-2000 2001-2010

Mean 181.5 153.3 191.4 195.8

Standard Error 8.0 11.2 7.2 8.4

Median 183.6 158.2 187.1 195.3

STD 25.2 35.5 22.8 26.4

Var 633.1 1257.5 519.3 698.5

 Benin   

Index 1971-1980 1981-1990 1991-2000 2001-2010

Kurtosis -0.3 -1.0 -1.3 -1.6

Skewness -0.4 -0.1 -0.1 0.1

Range 79.2 103.8 67.5 74.1

Minimum 141.0 102.4 155.0 161.5

Maximum 220.2 206.2 222.5 235.6

Q1 172.9 130.9 175.2 171.5

Q3 196.4 171.6 211.7 217.1

Table 1E Statistical description of rainfall features in Port Harcourt during 
different decades

Port harcourt

Index 1971-1980 1981-1990 1991-2000 2001-2010

Mean 188.4 188.2 194.0 189.4

Standard Error 6.1 7.5 6.6 8.3

Median 186.6 187.1 201.8 181.4

STD 19.4 23.7 20.9 26.3

Var 375.5 561.9 437.9 690.7

Kurtosis -0.2 -0.4 -1.2 -0.2

Skewness -0.5 -0.1 -0.5 0.5

Range 59.0 75.6 59.6 87.5

Minimum 153.1 151.4 160.4 150.3

Maximum 212.1 227.0 220.0 237.8

Q1 184.1 178.6 177.3 173.3

Q3 201.1 201.9 207.9 205.2

Table 1F Statistical description of rainfall features in Calabar during different 
decades

 Calabar   

Index 1971-1980 1981-1990 1991-2000 2001-2010

Mean 237.9 226.4 251.4 248.1

Standard Error 10.6 5.2 10.7 10.9

Median 240.4 227.8 241.7 247.8

STD 33.4 16.4 33.9 34.5

Var 1117.9 267.6 1149.3 1191.5

Kurtosis 0.7 0.3 0.2 -0.1

Skewness -0.1 -0.5 0.9 0.4

Range 120.3 55.2 109.5 115.4

Minimum 175.8 195.6 209.3 196.3

Maximum 296.1 250.8 318.8 311.8

Q1 221.0 219.8 231.7 224.4

Q3 247.9 232.3 262.7 261.3

Table Continued....
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Figure 2 The spatial and temporal variations of mean monthly rainfall in the various stations across.

The non-parametric trend of long-term meteorological 
indicators

Result on monthly, seasonal and annual basis for the three 
meteorological indicators with a significant trend across the six 
stations in southern Nigeria is presented in Figure 3A-Figure 3C. 
These analyze are constructed in the time period 1971 to 2010. The 
first two bars in each month, season, and annual represent temperature 
indicators, while the remaining one depicts precipitation indicator. The 
results of the Mann Kendall test for monthly maximum temperature 
data revealed a statistically significant increasing trend for most of 
the month (at less than 0.1 significant levels) across the stations. A 
statistically significant trend was observed across all the months, 
season and annual in Lagos except in April and October where a 
non-significant increasing trend was observed. A similar trend was 
observed in other locations with a non-significant increasing trend 
in February, April, and May (Ibadan), March–October (Osogbo), 
April, May, and August (Benin), April (Port Harcourt) and March, 
April, and November (Calabar). The monthly minimum temperature 
experienced statistically significant positive trend across all the 
months, seasons and on an annual scale in Lagos and Ibadan (at less 
than or equal to 0.1 significant levels). Significant trend was observed 
also in Benin across all the months except in January and February. 
Temperature minimum is statistically significant in May, July, August, 

and September in Osogbo. A similar trend was observed in Port 
Harcourt and Calaba. The result of MK on monthly rainfall dataset 
revealed both increasing and decreasing order across all the stations in 
this region. The data experienced a statistically significant increasing 
trend in June, October, and November and annually in Lagos. Also 
in Ibadan, the statistically significant increasing trend was noticed 
in September, October, wet season and on an annual scale. Rainfall 
trend is also significant in July, wet season and on annual in Osogbo. 
A statistically significant decreasing trend was observed in the dry 
season in Port Harcourt. In Calabar, rainfall experienced statistically 
significant positive trend in November and dry season. 

 Figure 4 depicts the empirical and theoretical cumulative 
distribution function (CDF) for long-term seasonal rainfall (dry 
and wet) across the six locations. Both empirical and theoretical 
CDF for both dry and wet season is reasonably close and are more 
discernable. Table 2 shows the CDF mean (µ) and standard deviation 
(σ) with their error (µse and σse respectively). Highest CDF mean of 
359.70 with the lowest value of 166.25 was obtained at Calabar and 
Osogbo respectively during the wet season. Whereas, during the dry 
season the highest and lowest mean of 86.14 and 28.33 respectively, 
were obtained in Calabar and Ibadan. The highest deviation of 51.77 
and 30.05 was noticed in Calabar during the wet and dry season 
respectively. 
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Figure 3A Mann-Kendall trend test result of rainfall in Lagos and Ibadan (1971-2010).

Figure 3B Mann-Kendall trend test result of rainfall in Osogbo and Benin (1971-2010).
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Figure 3C Mann-Kendall trend test result of rainfall in Port Harcourt and Calabar (1971-2010).

Figure 4 Cumulative distribution of long-term rainfall in southern Nigeria. 
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Table 2 Features of CDF seasonal distribution of rainfall

 Wet season   Dry season   

Location µ µse Σ σse µ µse σ σse

Lagos 177.98 5.15 34.13 3.7 47.11 3.35 22.26 2.41

Ibadan 167.25 5.61 37.24 4.04 28.33 2.03 13.45 1.46

Osogbo 166.56 3.86 25.63 2.78 29.64 1.99 13.18 1.42

Benin 275.82 7.69 51.02 5.53 54.28 3.39 22.52 2.44

Port Harcourt 278.88 5.29 35.07 3.8 63.5 3.17 21.04 2.28

Calabar 359.7 7.81 51.77 5.62 86.14 4.53 30.05 3.26

Decadal wise distribution of seasonal rainfall

The number of excesses and deficit rainfall years with decadal-
wise departure from normal are presented in Table 3. The number of 
years the rainfall is less or more than the standard deviation is known 
as excess or deficient rainfall years respectively. Krishnakuma et al.,25 
During the dry decadal 1971 -1980, the highest three excess rainfall 
years were observed at Port Harcourt with one deficit years and was 
noticed in each location during this period except Ibadan. The highest 
value of three excess rainfall years was observed at Lagos and deficit 
of one on each location except Osogbo and Benin where two deficit 
rainfall years are recorded. Similarly, two excess rainfall years were 
observed across the locations, in the dry decade 1981–1990. The 

highest value of this deficit rainfall year was observed in Calabar 
during this period. In 1991-2000 and 2001-2010, values of excess 
rainfall years and deficit rainfall years oscillate between one and three 
during wet and dry except in Benin where three excess rainfall years 
were noticed during the wet season. In the dry period of 1971 to 2010, 
there were eight, seven, six, six, eight and six excess rainfall years and 
six, six, six, five, seven and seven deficit rainfall years across Lagos, 
Ibadan, Osogbo, Benin, Port Harcourt, and Calabar respectively. 
Likewise, during the wet season, the excess rainfall years are 9, 6, 
6, 8, 6, 7 and deficit years are 7, 7, 8, 9, 6, 8 respectively. On an 
annual basis, in Lagos, excess and deficit fluctuate between zero and 
one whereas, in another location, it oscillates between one and two 
except Ibadan where we have a deficit of three in 1981-1990 decade. 

Table 3 Decadal mean departure, the occurrence of excess and deficit rainfall over southern from 1971 to 2010

 Decade 1971-1980  1981-1990  1991-2000  2001-2010  

Station  Excess Deficit Normal Excess Deficit Normal Excess Deficit Normal Excess Deficit Normal

Lagos

Dry 2 1 -2.6 2 2 27.6 2 1 -5.8 2 2 -19.2

Wet 3 1 5.8 2 3 1.5 2 2 -0.8 2 1 -6.5

Annual 1 0 4.5 0 1 5.7 0 1 -6.5 0 1 -8.6

Ibadan

Dry 32 0 -2.4 2 1 22.3 2 3 -19.4 1 2 -0.6

Wet 2 1 2.7 1 2 6.2 2 2 1.4 1 2 -10.3

Annual 2 1 2.2 1 3 8 2 2 -1 2 1 -9.2

Osogbo

Dry 1 1 -0.7 2 2 -1.5 1 2 2.1 2 1 1.3

Wet 1 2 9 1 2 0 2 2 -4.9 2 2 -5.1

Annual 2 1 7.9 1 2 -0.1 2 2 -4.1 2 2 -4.3

Benin

Dry 2 1 0.2 2 2 20.7 1 1 -1.8 1 1 -19.2

Wet 1 2 -0.6 2 2 14.2 3 2 -6.7 2 3 -6.9

Annual 1 2 -0.5 2 2 15.1 2 2 -6 3 3 -8.5

Port 
Harcourt

Dry 3 1 -21.5 2 2 2.4 2 2 9.4 1 2 9.7

Wet 1 1 4.5 2 2 0.7 1 2 -4 2 1 -1.2

Annual 3 2 0.7 1 2 1 2 2 -2 2 1 0.4

Calabar

Dry 1 1 3.4 2 3 15.6 1 1 -10.2 2 2 -10.5

Wet 2 1 0.9 1 3 4.4 2 2 -3.4 2 2 -0.7

Annual 2 1 1.3 2 2 6.1 2 1 -4.4 2 2 -3
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Rainfall prediction and forecast in southern Nigeria

Rainfall data were well fitted by the Fourier trend model (Figure 5). 
The result of annual and predict rainfall show overestimation annual 
rate of 0.38mm/year, 0.35mm/year, 0.34mm/year and 0.58mm/year 
in Lagos, Ibadan, Osogbo and Calabar respectively. Underestimation, 
annual rainfall rate of 0.48 mm/year and 0.027 mm/year were noticed 
in Benin and Port Harcourt respectively. Rainfall was forecasted 

across the locations till 2050. Forecasted annual rainfall rate across 
the location show increasing trend at a rate of 0.046mm/year, 0.045 
mm/year, 0.29mm/year, 0.18mm/year and 0.18 mm/year in Lagos, 
Ibadan, Benin, Port Harcourt, and Calabar respectively. However, the 
result at Osogbo shows the decreasing trend at a rate of 0.058mm/year 
annually. This will likely contribute to increase in flooding in more of 
the southern locations in Nigeria.

Figure 5 Annual actual, predicted and forecast rainfall distribution in southern Nigeria.

Conclusion
Using long-term monthly rainfall and temperature data which 

spanned between 1971 and 2010, seasonal variation of rainfall, non-
parametric trend using Mann Kendall and decadal distribution of 
rainfall were examined across six locations in southern Nigeria. The 
highest values of rainfall were noticed in July in all the locations. 
Significant increasing trends were observed in most of the monthly 

and seasonal temperature in most of the locations. Rainfall trend 
across this region oscillate between positive and negative trend. The 
average decadal rainfall in this region fluctuates between 100 mm/year 
and 255mm/year. Empirical and theoretical cumulative distribution 
function (CDF) for long-term seasonal rainfall (dry and wet) across 
the six locations was examined. During the wet season, maximum 
CDF mean value of 359 with a minimum value of 166 was obtained 
in Calabar and Osogbo respectively. Fourier method was used to 
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predict and forecast monthly rainfall. Overestimation rate of range 
0.35-0.58mm/year was observed in five of the locations. Whereas 
underestimation rate was observed in Osogbo. Forecast result showed 
increasing rate ranges between 0.045 mm/year and 0.290 mm /year 
across the five locations, except Osogbo. With this result, the flood is 
except in most of the locations across southern Nigeria. 
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