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ABSTRACT: Statistical approach has been used to analyze trends of rainfall and diurnal 

temperatures in Southern Nigeria. Daily data from Nigerian Meteorological Agency from 2000 to 

2019 in five stations are used for the analysis. XLSTAT software is employed in generating the 

Mann-Kendall (MK) trends for rainfall, DTR and, in plotting graphs. The results show that annual 

rainfall amount is on increasing trend in all the stations with the lowest increase of 1.2 mm/year 

in Owerri to 11.46 mm per year in Ibadan. The increasing annual trends, even though insignificant 

in all the stations except in Ikeja, is enough to cause negative impacts on the environment. Also, 

diurnal temperatures are in anti-correspondence with rainfall amount.  

 

KEYWORDS: rainfall, diurnal temperatures, cities, tropical monsoon, tropical savanna climatic 
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INTRODUCTION  

 

Floods and droughts are one of the serious environmental threats to humanity, particularly in 

Nigeria, causing loss of life and property. Floods are mainly caused by excess rainfall beyond the 

soil's storage capacity (Nwachukwu et al., 2018). Drought is due to insufficient rainfall. In Nigeria, 

hundreds of deaths have been recorded in recent years, and more than 2.5 million people are at 

risk of loss of livelihoods by 2022 (Echendu 2020; Njoku 2022; Khalid and Mashman 2022).  

Umar and Gray (2023) believe that appropriate mapping methods should be used to address 

environmental threats such as flooding. Nigeria as a whole has high variability in amount, intensity 

and frequency of rainfall (Ogunrinde et al., 2019; Animashaun et al., 2020; Ugwu et al., 2023). 

Most of these events are relatively recent in Nigeria and provide evidence of climate change in 

Nigeria. The southern part of Nigeria records the highest annual rainfall in Nigeria and, in recent 

years, there seems to be a steady increase in rainfall indexes in this part of the country. 
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Temperature is another climate element that affects human activity. Surface warming is being 

experienced all over the world. The Intergovernmental Panel on Climate Change (IPCC, 2018) 

Reports indicates a rise of between 0.85 -1.20C preindustrial time. Recent IPCC Reports of 2021 

indicates that the 1.50C global warming limit may soon be exceeded due to anthropological 

activities. Porter and Brown (1991) predicts that it may reach 4.50C in the near future. In Nigeria, 

there are signs of increase in surface temperature (Kehinde, 2022). Global warming, if unchecked, 

will adversely affect the economy of Nigeria. Southern Nigeria, due to its proximity to the Atlantic 

Ocean, is most vulnerable to climate change. Activities of oil exploration in this region and global 

warming has reduced crop and animal production, increased post-harvest losses, increase in pests 

and diseases and low health status of the inhabitants of the area (Adedoyin. 2011). Several 

mitigation methods have been suggested (Olaniyi et al., 2013) like afforestation and reforestation, 

reduction in burning of fossil fuels and emission of greenhouse gases, change in atricultural 

practices etc. 

There are several studies in climate change in Nigeria most of which dwells on rainfall trends and 

variability (Ogunrinde et al., 2019, Animashuan et al., 2020, Ugwu et al., 20,23) variations in 

temperatures, emission of greenhouse gases (GHG), impact of climate change on various aspects 

of human endeavor and health (Echendu, 2020; Umar and Gray, 2023; ), agriculture and economy 

(Abubakar, 2022) etc.    

Considering the enormous losses associated with climate change, it is necessary that more efforts 

be put in the understanding of its effects, trend and variability, mitigation and possible future 

scenarios. This article is centered on the trends of rainfall and surface temperatures in Southern 

Nigeria. Hopefully, the findings will be of help to farmers especially fishermen, policy makers and 

environmentalists. 

MATERIALS AND METHOD 

 

Study Area 

The selected cities are found in the coastal region of Nigeria and are located within latitude 4-70N 

and longitude 3-70E.  Two of the towns (Owerri and Port Harcourt) are in the tropical monsoon 

climate (Am) while the rest (Benin City, Ikeja and Ibadan) are in the tropical Savanna (Aw). 

Rainfall amount is usually high in these areas with long duration and its amount decreases with 

latitude towards the North. Tropical monsoon climate zone records an average annual rainfall 

amount of 2,000mm and sometimes even up to 4,00mm and a mean temperature of 25-280C. It is 

located close to the equator and is intermediate between the very wet tropical wet climate (Af) and 

the drier tropical Savanna (Aw). The tropical Savanna occupies a very large area of Nigeria and is 

above the tropical monsoon but below the hot and semi-arid tropical Sahel. The average annual 

rainfall is 1,200mm and mean temperature is 29-350C.  
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Port Harcourt is the capital of Rivers State. It is the fifth most populous city in Nigeria. It lies along 

the Bonny River, a tributary of River Niger. It is a few kilometers from the Gulf of Guinea and the 

headquarters of most Petroleum Companies. 

Owerri is the capital City of Imo State and home to many tertiary institutions like Imo State 

University, Federal University of Technology etc. Ikeja is the capital City of Lagos State and the 

most populous city in Lagos State. 

Benin City is the capital of Edo State and the fourth largest City in Nigeria. It is famous for bronze 

casting. Ibadan is the third populous city in Nigeria behind Lagos and Kano. It is the capital city 

of Oyo State, Nigeria and home to many tertiary schools. Their locations are shown in Table 1. 

Table 1: Geographical locations of the Towns 

Town Latitude (0N) Longitude (0E) Kӧppen 

Climate Zone 

Owerri 5.476 7.026 Am 

Port Harcourt 4.824 7.034 Am 

Benin City 6.339 5.617 Aw 

Ikeja 6.606 3.349 Aw 

Ibadan 7.377 3.940 Aw 

 

Sources of Data 

Daily data for rainfall, maximum, temperatures and minimum temperatures from 2000 to 2019 are 

collected from the headquarters of the Nigerian Meteorological Agency (NIMET), Abuja, Nigeria. 

The Shapiro-Wilk tests is used to test for data distribution at 5% level of significance. It is observed 

that the data is approximately normally distributed. Standard normal homogeneity test (SNHT) 

showed that variation in the data is due to climatic factors only (Aguilar et al., 2003) 

 

Data Analysis 

In-built XLSTAT software was employed in data analysis. Monthly and annual averages of rainfall 

and standard deviation (SD) are calculated for the period of study. Equations 1 and 2 respectively 

are the formula for mean and SD. Diurnal temperature range is calculated using Equation 3.  

Clustered column plots seasonal and annual rainfall to identify trends in rainfall while and line 

plots are used compare diurnal temperatures and rainfall.   

 

𝑀𝑒𝑎𝑛, 𝑋𝑚𝑛 =  
𝛴𝑋

𝑁
          1  

where Xmn = mean rainfall, X = daily or average monthly values and N = number of data points.  
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𝑆𝐷 =  
𝛴(𝑋−𝑋𝑚𝑛)2

𝑁
          2 

 

 𝐷𝑇 = 𝑇𝑚𝑎𝑥 −  𝑇𝑚𝑖𝑛           3 

where DT = diurnal temperature,  𝑇𝑚𝑎𝑥 =maximum temperature, 𝑇𝑚𝑖𝑛 = minimum temperature 

 

Mann-Kendall Trend Test 

The Mann-Kendall (MK) is a non-parametric test widely used in meteorological and hydrological 

analysis of data. It requires a significant amount of data. The MK trend tests are based on two 

hypotheses: (1) The null hypothesis: there is no trend in the series or trend is insignificant (H0) and 

(2) The alternative hypothesis: there is trend in the series or trend is significant (Ha). If P-value < 

the level of significance (α =0.05), accept Ha but if P-value > α, accept H0. In this analysis, the 

level of significance is 5% or 0.05. In this article, annual and seasonal trends are analyzed and 

results are presented in Tables 2, 3 and 4. The Mann-Kendall test is given by Equation 4 below.  

 

 

S= Σk=1
n−1𝛴𝑗=𝑘+1

𝑛  sign (𝑋𝑗-𝑋𝑖)          4 

 

where Xj and Xi are annual rainfall values in years j and i, j > i, respectively   

             

      

where  𝑆𝑖𝑔𝑛((𝑋𝑗 − 𝑋𝑖)) =  {

+1, > (𝑋𝑗 − 𝑋𝑖)

0 =  (𝑋𝑗 − 𝑋𝑖)

−1, <  (𝑋𝑗 − 𝑋𝑖)

      5 

 

Sen’s Slope Estimator (Q1) 

The magnitude of trend can be estimated using Sen’s slope estimator. Equation 6 below is the 

slope (dk). 

 

𝑑𝑘 =
𝑦𝑗−𝑦𝑖

𝑗−𝑖
, 𝑓𝑜𝑟 (1 ≤ 𝑖 ≤ 𝑗 ≤ 𝑚)        6 

where 𝑦𝑖  𝑎𝑛𝑑 𝑦𝑗= values at time 𝑖 𝑎𝑛𝑑 𝑗 respectively, 𝑚 is the number of data points. 
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 The Sen’s slope estimator, 𝑄1 is the median of 𝑑𝑘 given by Equation 7 

𝑄1 = {

𝑑𝑚+1

2
, 𝑚 𝑖𝑠 𝑜𝑑𝑑

1

2
(

𝑑𝑚

2𝑑
+

𝑑𝑚+2

2
) , 𝑚 𝑖𝑠 𝑒𝑣𝑒𝑛

        7 

Positive/negative value of 𝑄1 means increasing/decreasing trend. 

RESULTS AND DISCUSSION 

 

Trend Analysis 

 

a) Clustered Column charts 

Figure 1 is the clustered column chart of annual rainfall variation for the period (2000-2019). It 

shows that Port Harcourt recorded the highest amount of rainfall for all the years except in the year 

2000 that Owerri has the highest amount. Port Harcourt and Owerri have a higher significant 

amount of rainfall than the three towns in tropical savanna. This supports the conclusion that 

rainfall amount in Nigeria is latitudinal dependent; it increases with latitude (Atuma et al., 2023, 

Ibebuchi and Abu, 2023). The two stations are in the tropical monsoon climate zone where it rains 

throughout the year and are closest to the Atlantic Ocean. Harmattan and “August Break” are rarely 

observed in these two places.  In 2000 and 2007, the amount of rainfall is highest for most stations. 

 

There is a decline in rainfall amount in 2014 and 2015. A gradual increase in amount of rainfall is 

seen between 2016 and 2019.This shows that southern Nigeria has been receiving more rainfall in 

recent years. It is an evidence of climate change. 

 

 
Figure 1: Annual variation of average rainfall 

 

Figure 2 shows that monthly rainfall increases from very low values in January to 

maximum values from June to September and falls again to low values in December. This 
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means that most of the rainfall in all stations occurs between June and September. In the 

tropical Savanna cities of Benin City, Ikeja and Ibadan, rainfall decreased slightly in 

August. This is the result of a short dry season called August Break or Little Dry Season 

that is observed in late July and early August for two to three weeks (Chineke et al., 2010). 

However, the August break is not clearly observed in Port Harcourt and Owerri. 

 

Figure 2: Monthly variation of average rainfall 

 

b) Line plots 

Plots of charts of monthly rainfall are used to compare the variations of diurnal temperature 

and monthly rainfall. The charts are presented in below: 

 

    
   a      b 

Figure 3: Line charts for Owerri (a) and Port Harcourt (b) 

Figure 3 shows an anti-correspondence between monthly rainfall variations and monthly diurnal 

temperature range (DTR). Diurnal temperatures are least within the period of very heavy rainfall 
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(May to September) and maximum during the dry season (December, January, February and 

March). There is a small rise in diurnal temperature for both towns in August. This is the period 

of “Little Dry season” or ‘August Break”. 

  

            

 

    a                                                                                     b 
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c 

Figure 4: Line charts for Benin City (a), Ikeja (b) and Ibadan (c) respectively. 

 

Figure 4 shows that diurnal temperatures increase with decrease in the amount of rainfall. Again, 

maximum values are got when the amount of rainfall is the least (dry season). Also, there is a small 

rise in diurnal temperature during “August Break” in all the tropical savanna towns. The reason 

for this anti-correspondence between rainfall and DTR may be because of high humidity prevalent 

during the rainy season months. Water has a very high latent heat capacity. It absorbs heat during 

the day and at night loses little amount of heat at night. This accounts for the little variations in 

between maximum and minimum temperatures. During dry season, the amount of water vapour in 

the atmosphere is very low resulting to high diurnal temperature range. 

 

c) Mann-Kendall Trend Test Results 

From Table 2 below, it is clear that in Owerri, P < α in the months of March, April and August, 

implying significant trend in rainfall amount but insignificant trend in rainfall (P > 0.05) in the 

remaining nine (9) months. In April, there is significant decrease in rainfall amount (Sen’s slope 

= -7.1mm/month) while there is significant increase in trend in March and August (Sen’s slope = 

3.5 mm/month and 6.9 mm/month respectively). Within the period studied, monthly rainfall 

increased between 0.1mm/month and 6.9mm/month for nine (9) months of the year but the 

decrease is between 0.3mm/month and7.1mm/month for three (3) months. On annual basis, there 

is an increase in the amount of rainfall by 1.2mm/year. This means that annual rainfall amount in 

Owerri is on the increase but the increase is significant. 

 

Rainfall amount in Port Harcourt has increased from 0.1mm/month in February to 13.3mm/month 

in July. There is decrease in April and December by 0.42mm/month and 5.1mm/month 
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respectively.  On annual basis, there is an increase by 3.3mm/year within the period studied. 

However, these changes are not significant in Port Harcourt as P > 0.05. The implication is that in 

the tropical monsoon towns in Nigeria, there is no significant trend in the annual amount of rainfall, 

however it is an evidence of gradual change in climate in Port Harcourt. 

 

Table 2: The results of the (MK) analysis for Tropical Monsoon Towns 

Duration Owerri Port Harcourt 

 P-value Sen’s slope 

(mm/month) 

P-value Sen’s slope 

(mm/month) 

Annual 0.46 1.2* 0.06 3.3* 

January 0.97 0.1 0.82 0.2 

February 0.92 0.1 0.82 0.1 

March 0.03 3.5 0.11 3.8 

April 0.04 -7.1 0.21 -5.1 

May 0.38 -1.9 0.77 1.1 

June 0.32 6.3 0.11 13.3 

July 0.42 4.1 0.26 4.9 

August 0.04 6.9 0.11 8.0 

September 0.97 0.4 0.46 4.4 

October 0.35 4.7 0.13 6.2 

November 0.16 2.3 0.09 4.1 

December 0.27 -0.34 0.26 -0.4 

*mm/yea 

 

Table 3: The results of the (MK) analysis for Tropical Savanna Towns 

Duration Benin City Ikeja Ibadan 

 P-value Sen’s slope 

(mm/month) 

P-value Sen’s slope 

(mm/month) 

P-value Sen’s slope 

(mm/month) 

Annual 0.32 2.1* 0.04 1.4* 0.07 11.46* 

January 0.38 0.26 0.77 0.16 0.75 0.07 

February 0.18 1.36 0.02 2.34 0.02 0.38 

March 0.01 4.20 0.11 2.13 0.09 1.95 

April 0.23 -4.49 0.21 -2.66 0.46 -1.92 

May 0.58 -1.36 0.23 3.33 0.32 3.71 

June 0.26 7.44 0.82 1.01 0.28 3.24 

July 0.32 4.14 0.92 -2.52 0.82 0.72 

August 0.02 10.63 0.42 2.12 0.26 2.02 

September 0.38 4.71 0.13 4.96 0.11 6.46 

October 0.92 0.57 0.16 2.73 0.13 3.46 

November 0.23 2.08 0.04 2.12 0.07 2.00 

December 0.58 0.08 0.23 0.42 0.16 0.30 

*mm/year 
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Table 3 shows that the tropical savanna towns, annual rainfall increased between 1.4 mm/year in 

Ikeja and 11.46/mm/year in Ibadan. However, the increment in yearly rainfall amount is significant 

only in Ikeja (P < 0.05). This may be as a result of significant increases (P < 0.05) in rainfall in 

February and November in Ikeja. There are significant increasing trends in rainfall amount in the 

months of March and August in Benin City, February and November in Ikeja and February in 

Ibadan. Monthly increasing trends range between 0.08 mm/year and 10.63 mm/month in Benin 

City, 0.16 mm/month and 6.49 mm/month in Ikeja and 0.07 mm/month and 6.47 mm/month in 

Ibadan within the period studied.  There are few months of decrease in rainfall amount, particularly 

in April where the Sen’s slope is negative for all the stations. The implication of all the trend 

scenarios is that the increasing trends are can lead to significant impacts on the environment.  

Extreme weather events have been reported in so many parts of Nigeria in the recent past. 

 

CONCLUSION 

 

Statistical approach has been used to analyze trends of rainfall and diurnal temperatures in 

Southern Nigeria. Daily data from NIMET from 2000 to 2019 (20 years) in five stations are used 

for analysis. XLSTAT software is employed in generating the MK trends for rainfall, DTR and 

graphs. Results show that annual rainfall amount is on increasing trend in all the stations with the 

lowest increase of 1.2 mm/year in Owerri to 11.46 mm/year in Ibadan. However, the increment is 

no significant but can still cause noticeable impacts on the environment. It is seen that diurnal 

temperatures are highest during the dry season months and least during the rainy season. This is 

attributed to the prevalence of moisture (water) in the atmosphere during the rainy season. Water 

has high capacity and can retain the heat gained during the day for a long time. Hence, nighttime 

temperatures and daytime temperatures are very close in magnitude. 

 

During the preparation of this work the author(s) used [WRITEFULL] in order to [improve on 

the grammar and structure of the article]. After using this tool/service, the author(s) reviewed 

and edited the content as needed and take(s) full responsibility for the content of the publication 
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HIGHLIGHTS 

 Work is on trends of rainfall in Southern Nigerian Cities and diurnal temperature 

 Area of coverage is tropical Monsoon and tropical Savanna area of Nigeria and period is 

2000-2019 (20 years). 

 Observed rainfall data are used. 

 Shapiro-Wilk test and SHNT were used in data validation. 

 XLSTAT software was used in the analysis 

 Results show insignificant trends in rainfall and anti-correspondence between rainfall and 

diurnal temperatures, 
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