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Abstract 
This study analyzed the spatial distribution and temporal trends of precipita-
tion and its extremes over Nigeria from 1979-2013 using climate indices, in 
order to assess climatic extremes in the country. Daily precipitation data used 
in this study were obtained from Nigeria Meteorological Agency (NIMET), 
Lagos. The study used climate indices developed by the Expert Team on Cli-
mate Change Detection (ETCCDI) for assessing extreme precipitation. Sen’s 
slope estimator and Mann-Kendall trend test were employed in data analysis. 
Results revealed that precipitation and its extremes varied spatially across 
Nigeria. Significant negative trends were observed in most of the precipita-
tion indices for the period under study. Furthermore, significant downward 
trends were observed in the CWD (Consecutive Wet Day) while the CDD 
(Consecutive Dry Day) showed significant upward trends in all the regions. 
These spatial and temporal changes indicate that Nigeria’s climate is trending 
towards a warmer and drier condition, which could be attributed to global 
warming-induced climate change; which altered historical rainfall patterns 
thereby leading to extreme events. The findings of this study have provided 
useful information in understanding the extreme events that are assumed by 
the general populace to be normal recurrent events in Nigeria. The results of 
the analysis of yearly and decadal changes in precipitation totals and extreme 
values for the last 35 years (1979-2013) suggest the likelihood of severe im-
pacts on water resources, agriculture, and water-sensitive economic activities.  
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1. Introduction 

It is generally recognized globally that more frequent extreme weather events 
such as droughts, floods and forest fires, etc. have major environmental impacts, 
especially in vulnerable developing countries, such as Nigeria (Emily & Barry, 
2014; Kaah, 2017; Yin & Sun, 2018). This may be due to the fact that some de-
veloping countries that have climate-sensitive economic activities are more sus-
ceptible to extreme weather events. Also, those developing countries that lack 
the necessary physical and financial resources along with appropriate institu-
tions to mitigate the adverse effects of climate change are at greater risk (Benson 
et al., 2017; Nashwan & Shahid, 2019). Consequently, the increase in magnitude 
and frequency of extreme events with damaging consequences has attracted the 
attention of researchers, world leaders, policymakers and others with a vested 
interest in managing climatic risks and hazards (Gbode et al., 2019, Linden et al., 
2019). 

Nigeria is one of the countries in West Africa, located between latitude 4˚N 
and 14˚N and longitude 2˚E and 15˚E. Based on its location, it is endowed with 
an equatorial climate. Two air masses, namely the dry tropical-continental air 
mass, and the warm, tropical maritime air mass controlled the climate of Nige-
ria. The demarcation of these air masses is known as the Inter-Tropical Conver-
gence Zone (ITCZ). The Inter-Tropical Convergence Zone (ITCZ) is the prin-
cipal weather maker that is responsible for the summer monsoon precipitation 
in the country. The two seasons observed in the country are rainy and dry sea-
sons. The dry season (November-March) is due to the influence of the dry trop-
ical-continental air mass from the Sahara Desert, while the rainy season (April- 
October) is due to the warm, tropical maritime air mass from the Atlantic Ocean 
(Audu & Okeke, 2018).  

The country regularly faces various extreme events such as floods, drought, 
etc. almost on a yearly basis (Abaje, 2007; Abaje & Giwa, 2010; Abaje et al., 
2013), which is assumed by many as normal recurrent events in Nigeria. This is 
an indication that the general populace lacks basic knowledge about climate 
change and the associated extreme events. The impacts of climate change in Ni-
geria are mostly observed in climate-dependent sectors. Extreme events such as 
flooding and drought associated with climate change resulting in low crop yield, 
food shortage, food scarcity, reduced livestock production, decreased hydroelec-
tric power supply, loss of shelter and road networks, among others (Mbah, 
2014). Recently, scientists have projected that Lagos, Africa’s most populous city 
may soon be inhabitable by the end of the 21st century due to flooding resulting 
from sea levels rise due to climate change (CNN, 2021). Thus, this study at-
tempts to evaluate the spatial distribution and temporal trends of precipitation 
and its extremes over Nigeria from 1979-2013; in order to assess the impact of 
climate change in the country. This study will give information about extreme 
precipitation in Nigeria, which will be useful to policymakers, system planners, 
resource managers. 
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According to (Chhabra & Haris, 2015), extreme temperature and rainfall val-
ues are used as indicators of climate change. Changes in intensity, frequency and 
duration of these extreme events are measured using climate extreme indices. 
Accordingly, the spatial distribution and trends of the indices provide insightful 
information about the magnitude and the rate of change of extreme events. 

Moreover, temporal trends of the changes in intensity, frequency, and dura-
tion of temperature and precipitation events are indicators of a changing cli-
mate. In comparison to temperature and other climatic variables, precipitation 
also shows a higher degree of variability across a range of space-time scales. Ac-
cordingly, precipitation measurement protocols and analysis are more demand-
ing, and consequently require more scrupulous examination (Javanmard et al., 
2011; Mohammed et al., 2015; Audu & Okeke, 2018). Given the importance of 
rainfall in economic activities and the high degree of vulnerability of Nigeria’s 
population to climate change, there is an urgent need for more insightful ana-
lyses of precipitation values, trends and spatial distribution. Also of importance 
is a comprehension of the chief climate drivers and consequences of climate 
warming on the spatial and temporal rainfall patterns leading to erratic rainfall, 
droughts, erosion, landslides and floods. 

Rainfall Indices 

A number of extreme temperature and rainfall indices are used to assess extreme 
weather and climate events (Manton et al., 2001). It is pertinent to note that 
changes in total and extreme precipitation and temperature indices vary with 
geographical location (Soltani et al., 2015). However, the ETCCDI has defined 
27 climate indices (i.e. 17 indices for temperature and 10 indices for precipita-
tion) which are generally used to investigate extreme temperature and precipita-
tion. These indices have been used by many researchers (Chhabra & Haris, 2015; 
Khomsi et al., 2016; Khan et al., 2019). The precipitation indices are shown in 
Table 1. These indices have been used to study changes in intensity, frequency, 
and duration of rainfall events due to climate change (Chhabra & Haris, 2015). 
According to (Iqbal et al., 2019), global warming-induced climate change affects 
rainfall pattern. 

Many research works on rainfall variability, spatial distribution of rainfall, 
variation trends of rainfall, extreme rainfall, characteristic of extreme rainfall, 
climate variability, climate and weather extremes among others have been car-
ried out over the years (Manta, 2010; Emily & Barry, 2014; Akisanola & Ogunjo-
bi, 2014; Chhabra & Haris, 2015; Khomsi et al., 2016; Audu & Okeke, 2018; 
Nashwan & Shahid, 2019; Yin & Sun, 2018; Iqbal et al., 2019; Khan et al., 2019). 
Working on trends in climate extremes over Bangladesh, (Khan et al., 2019) ob-
served from precipitation indices a decreasing trend in precipitation. They noted 
that the annual total precipitation decreased at the rate of about 84 mm/decade. 

The findings of (Iqbal et al., 2019) revealed no significant change in annual 
precipitation in the Sub-Himalayan region of Pakistan. However, among the 
rainfall indices considered, noticeable changes were observed in the continuous  

https://doi.org/10.4236/ajcc.2021.103016


M. O. Audu et al. 
 

 

DOI: 10.4236/ajcc.2021.103016 334 American Journal of Climate Change 
 

Table 1. Extreme precipitation indices developed by ETCCDI (Zhang & Yang, 2017). 

Index Long name Definition Units 

RX1 day Max 1-day precipitation amount Monthly maximum 1-day precipitation mm 

RX5 day Max 5-day precipitation amount Monthly maximum consecutive 5-day precipitation mm 

SDII Simple daily intensity index 
Annual total precipitation divided by number of wet days 

(defined as PRCP ≥ 1.0 mm) in the year 
mmd−1 

R10 Number of heavy precipitation days Annual count of days when PRCP ≥ 10 mm Days 

R20 Number of very heavy precipitation days Annual count of days when PRCP ≥ 20 mm Days 

CDD Consecutive dry days Maximum number of consecutive days with PRCP < 1 mm Days 

CWD Consecutive wet days Maximum number of consecutive days with PRCP ≥ 1 mm Days 

R95p Very wet days Annual total PRCP when PRCP > 95th percentile mm 

R99p Extremely wet days Annual total PRCP when PRCP > 99th percentile mm 

PRCPTOT Annual total wet-day precipitation Annual total PRCP in wet days (PRCP ≥ 1 mm) mm 

 
wet and dry days. According to (Emily & Barry, 2014), the impacts of extreme 
weather and climate events are noticeably increasing nationwide and are more 
pronounced now than ever before. Hence, there is a need for more research in 
this area particularly in Nigeria with little or no research about extreme events in 
recent times. 

2. Data and the Methodology 

1) Data of daily precipitation for 35 years from 1979 to 2013 for 10 meteoro-
logical stations, located across the country were used for spatial distribution 
analysis of precipitation and its extreme events over Nigeria (Table 2). These 
stations were chosen due to consistence and availability of daily data for the pe-
riod under study.  

2) Subsequently, six stations representing the six vegetation zones of Nigeria 
were selected to assess temporal trends of precipitation extremes.  

3) The daily precipitation data was subjected to strict quality checks using 
RClimdex 1.1 Software developed by the ETCCDI. This is available freely at the 
ETCCDI website http://etccdi.pacificclimate.org/indices.shtml (Zhang & Yang, 
2017). Erroneous data, such as negative precipitation, and missing data were re-
placed with −99.9, which is recognized by RClimDex. In order to avoid errone-
ous computation, homogeneity tests were also performed employing RHtests 
version 4 software package on the whole data set.  

4) Climate indices developed by the ETCCDI for computing extreme precipi-
tation were adopted (Zhang & Yang, 2017). 

5) Changes in mean yearly precipitation indices were analysed using Sen’s 
slope method which is a non-parametric estimator of the change in time series. 
Detail on Sen’s slope method was discussed by (Nashwan & Shahid, 2019).  

6) The significance of the trends of mean yearly precipitation indices was 
analysed employing Mann-Kendall trend test at 0.05 significant level. See (Iqbal 
et al., 2019) for detail on Mann-Kendall trend test. 
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Table 2. Meteorological stations and their geographical location. 

Region Station Code Longitude Latitude 

Northwest *Sokoto SOK 5.3125 13.2697 

Northeast *Maiduguri MAI 13.125 12.0208 

Northeast Bauchi BAU 10.3125 10.7719 

Northeast Kaduna KAD 7.1875 10.4597 

North Central *Ilorin ILO 4.6875 8.5862 

North Central Makurdi MAK 8.4375 7.6496 

Southwest *Ikeja IKE 3.4375 6.7129 

Southeast *Enugu ENU 7.8125 6.4006 

South-south *Port Harcourt P/H 7.1875 4.8395 

South-south Benin BEN 5.625 6.4006 

*Stations used for temporal trend analysis. 

 
7) The software R was employed in the analysis. 
8) Finally, Inverse Distance Weighted (IDM) technique for interpolation was 

used in estimating the spatial distribution of precipitation and its extremes 
across Nigeria from the overall averages; employing ArcGIS 10.3 software. The 
IDW method employed gives high spatial resolution, accuracy, and precision, 
however the output is limited to the range of the values used for interpolation 
(Watson & Philip, 1985).  

3. Analysis and Results 
3.1. Spatial Distribution of Precipitation and Its Extreme 

The spatial distribution of Max 1-day precipitation amount (RX1) shows that 
RX1 varies across the country (Figure 1(a)). Low value of (79.81 - 88.96 
mm/year) was observed at the extreme northwestern and eastern regions in sta-
tions such as Sokoto and Maiduguri, while high value (109.13 - 119.37 mm/year) 
was recorded in stations such as Jos and Makurdi in the north-central region. 
The Max 5-day precipitation amount (RX5) also showed similar spatial pattern 
like RX1 (Figure 1(b)). The minimum and maximum values of RX5 are 130.52 - 
145.33 and 174.71 - 191.44 mm/year. 

On the other hand, number of heavy precipitation days (R10) and number of 
very heavy precipitation days (R20) decreased from the coastal area to the nor-
theastern and western areas (Figure 2(c) & Figure 2(d)). The minimum values 
for R10 and R20 for the period under study ranges from 14.62 - 30.78 and 7.06 - 
10.60 mm/year, while the maximum values range from 89.29 - 119.16 and 
19.24.65 mm/year respectively. 

Similarly, the very wet days (R95p) and extremely wet days (R99p) decreased 
from the coastal region to the northern region. The R95p recorded the minimum 
and maximum values of 185.02 - 277.68 and 507.69 - 606.97 mm/year, while the 
R99p recorded 56.92 - 94.75 and 183.46 - 232.29 mm/year as the minimum and  
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Figure 1. Spatial pattern of overall averages of annual (a) RX1 (b) RX5 (c) R10 and (d) R20 across Nigeria (1979-2013). 

 

maximum values respectively. The annual total wet-day precipitation (PRCPTOT) 
also decreased steadily from the coastal region to the northern region. It ranges 
from 561.8 - 970.2 and 2464.6 - 3102.2 mm/year (Figure 2(c)). 

It is interesting to note that among the indices considered so far, apart from 
RX1 and RX5, every other index decreased from the coastal region to the north-
ern region. This depicts that RX1 and RX5 have different spatial distributions 
across the country. 

Consequently, the results imply that the variations of the precipitation indices 
may be the possible explanation for the erratic rainfall, desertification, erosion, 
land sliding and flooding experienced across the country. It could be observed 
from Figure 2(d) that simple daily intensity index (SDII) was low in the south-
western region (8.49 - 9.80 mm/year) but high in stations such as Bauchi in the 
north (11.79 - 12.84 mm/year). 
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Figure 2. Spatial pattern of overall averages of annual (a) R95p (b) R99p (c) PRCPTOT and (d) SDII across Nigeria (1979-2013). 
 

From the spatial distribution of consecutive wet days (CWD) shown in Figure 
3(a), low CWD were observed in the northeastern and western regions (7.20 - 
17.74 days) but high in the coastal region (65.91 - 96.85 days). In contrast, from 
Figure 3(b), the consecutive dry days (CDD) was low in the coastal region 
(15.43 - 62.89 days) but high in the northwestern region (17.63 - 217.14 days). 

3.2. Temporal Trend of Precipitation and Its Extreme 

From Figure 4(ai) & Figure 4(bi), non-significant positive trends were observed 
for RX1 with an annual increase of 0.102, 0.481, 0.082, and 0.575 mm/year in 
Sokoto, Ilorin, Ikeja and Port Harcourt respectively. Non-significant negative 
trends were however observed in Maiduguri and Enugu with an annual decrease 
of −0.39 and −0.483 respectively (Table 3). 
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Figure 3. Spatial pattern of overall averages of annual (a) CWD and (b) CDD across Nigeria (1979-2013). 
 
Table 3. Trends of extreme precipitation indices in selected cities over Nigeria from 1979-2013. 

Indices 
Sokoto 

Trends P-value 
Maiduguri 

Trends P-value 
Ilorin 

Trends P-value 
Ikeja Trends 

P-value 
Enugu Trends 

P-value 
Port Harcourt 
Trends P-value 

RX1 day 0.102 0.888 −0.39 0.541 0.481 0.475 0.082 0.902 −0.483 0.369 0.575 0.297 

RX5 day −0.743 0.499 −1.544 0.147 0.734 0.388 0.643 0.416 −0.808 0.311 0.490 0.427 

SDII −0.093 0.180 −0.029 0.582 0.019 0.531 −0.007 0.688 −0.002 0.921 −0.026 0.114 

R10 −0.546 0.000 −0.077 0.539 −0.155 0.271 −0.234 0.233 −0.094 0.655 −0.939 0.012 

R20 −0.287 0.001 −0.030 0.695 −0.096 0.162 −0.021 0.721 −0.110 0.341 −0.225 0.035 

CDD 1.715 0.017 0.900 0.076 1.766 0.001 0.076 0.791 0.410 0.189 0.139 0.409 

CWD −0.224 0.024 −0.009 0.901 −0.139 0.351 −0.239 0.200 −0.034 0.919 −0.198 0.736 

R95P −4.035 0.139 −1.346 0.584 −2.139 0.470 −0.255 0.927 −5.987 0.162 −2.092 0.492 

R99P 0.294 0.830 −1.638 0.227 −0.525 0.795 0.765 0.745 −3.140 0.243 1.685 0.504 

PRCPTOT −18.495 0.001 −2.274 0.606 −10.277 0.019 −2.791 0.593 −11.525 0.060 −15.13 0.017 

 
It could be observed from Figure 4(aii) & Figure 4(bii) that RX5 showed 

negative trends in Sokoto, Maiduguri and Enugu with an annual decrease of 
−0.743, −1.544 and −0.808 mm/year, while positive trends were observed in Ilo-
rin, Ikeja and Port Harcourt with an annual increase of 0.734, 0.643, and 0.490 
mm/year respectively. These trends are not significant at p < 0.05 (Table 3). This 
implies that for the last 35 years, RX1 has changed by 3.57, −13.65, 16.835, 2.87, 
−16.905, and 20.125 mm while RX5 have changed by −26.005, −54.04, 25.69, 
22.505, −28.28, and 17.15 mm. 

From Figure 5(ai) & Figure 5(bi), negative trends were observed in R10 and 
R20 in all the study areas. Similarly, R95p also showed negative trends (Figure 
6(ai) & Figure 6(bi)). These trends are not significant at p < 0.05 (Table 3).  
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Figure 4. (a): Temporal trends of yearly mean (i) RX1 and (ii) RX5 for selected stations in Nigeria (1979-2013); (b): Temporal 
trends of yearly mean (i) RX1 and (ii) RX5 for selected stations in Nigeria (1979-2013). 
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Figure 5. (a): Temporal trends of yearly mean (i) R10 and (ii) R20 for selected stations in Nigeria (1979-2013); (b): Temporal 
trends of yearly mean (i) R10 and (ii) R20 for selected stations in Nigeria (1979-2013). 

https://doi.org/10.4236/ajcc.2021.103016


M. O. Audu et al. 
 

 

DOI: 10.4236/ajcc.2021.103016 343 American Journal of Climate Change 
 

 

https://doi.org/10.4236/ajcc.2021.103016


M. O. Audu et al. 
 

 

DOI: 10.4236/ajcc.2021.103016 344 American Journal of Climate Change 
 

 

Figure 6. (a): Temporal trends of yearly mean (i) R95p and (ii) R99p for selected stations in Nigeria (1979-2013); (b): Temporal 
trends of yearly mean (i) R95p and (ii) R99p for selected stations in Nigeria (1979-2013). 

https://doi.org/10.4236/ajcc.2021.103016


M. O. Audu et al. 
 

 

DOI: 10.4236/ajcc.2021.103016 345 American Journal of Climate Change 
 

This depicts that R10, R20, and R95p generally decreased in all the zones in 
the study period. 

The R99p showed non-significant positive trends in Sokoto, Ikeja, and Port 
Harcourt at the rate of 0.29, 0.76, and 1.68 mm/year (Table 3). Non−significant 
negative trends were observed in Maiduguri, Ilorin, and Enugu (Figure 6(aii) & 
Figure 6(bii)) with an annual decrease of −1.63, −0.52, and −3.14 mm/year 
(Table 3). This implies that for the last 35 years, R99p has changed by 10.29, 
−57.33, −18.37, 26.77, −109.9, and 58.97 mm in Sokoto, Maiduguri, Ilorin, Ikeja, 
Enugu, and Port Harcourt respectively.  

Negative trends were observed in the daily total precipitation (PRCPTOT) in 
all the study areas (Figure 7(ai) & Figure 7(bi)). This depicts that PRCPTOT 
decreased in the period under study. It is worthy of note that PRCPTOT de-
creased at the rate of −184.95, −22.74, −102.77, −27.91, −115.25 and −151.30 
mm/decade in Sokoto, Maiduguri, Ilorin, Ikeja, Enugu, and Port Harcourt re-
spectively. Several researchers have reported decreasing trends for PRCPTOT. 
(Khan et al., 2019) observed decreasing trend in precipitation from their study. 
They noted that the annual total precipitation decreased at the rate of about 84 
mm/decade. 

Considering the stations representing each of the vegetation zones of Nigeria 
used in this study (Table 3), it is interesting to note that RX1 and R99P show 
increasing positive trends in Sokoto (North West). RX1 and RX5 show an in-
creasing positive trend in Ilorin (North Central). Increasing positive trends were 
observed in RX1, RX5 and R99P in Ikeja (Southwest) and Port Harcourt (coastal 
area). However, decreasing trends were observed in Maiduguri (North East) and 
Enugu (South East). This depicts that the increasing trends in the RX1, RX5 and 
R99P could be the major cause of landslide and flood in most regions of Nigeria. 
According to (Iqbal et al., 2019) RX1 often leads to sudden occurrence of a large 
amount of rainfall and such rainfall often results in land sliding and flooding. 

It is pertinent to note that the increasing trends observed in the precipitation 
indices in some stations could be the possible explanation for increasing 
landslide, erosion and flooding in such regions. On the other hand, decreasing 
trends of precipitation indices could be the possible explanation for the erratic 
rainfall, drought, and desertification in such regions. This is because these in-
dices contribute to annual and seasonal changes in precipitation (Gajić-Čapka et 
al., 2015). 

From Figure 7(aii) & Figure 7(bii), non-significant negative trends were ob-
served for simple daily intensity index (SDII) in all the study areas except Ilorin, 
having non-significant positive trends. This depicts a decrease in the average 
rainfall amount that falls on a wet day in the stations except Ilorin. According to 
(Chhabra & Haris, 2015; Khan et al., 2019), the SDII is the measurement of the 
average rainfall amount that falls on a wet day in a given year. 

Similarly, negative trends were observed in consecutive wet days (CWD) in all 
the study areas (Figure 8(ai) & Figure 8(bi)). In contrast, positive trends were 
observed in all the study areas (Figure 8(aii) & Figure 8(bii)). This depicts that  
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Figure 7. (a): Temporal trends of yearly mean (i) PRCPTOT and (ii) SDII for selected stations in Nigeria (1979-2013); (b): Tem-
poral trends of yearly mean (i) PRCPTOT and (ii) SDII for selected stations in Nigeria (1979-2013). 
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Figure 8. (a): Temporal trends of yearly mean (i) CWD and (ii) CDD for selected stations in Nigeria (1979-2013); (b): Temporal 
trends of yearly mean (i) CWD and (ii) CDD for selected stations in Nigeria (1979-2013). 
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CWD decreases in the period under study while the corresponding CDD in-
creased. The increase in consecutive dry days (CDD) with decrease in the cor-
responding CWD is an indication that the country is trending toward a warmer 
and drier climate. 

The spatial patterns and temporal trends of precipitation and precipitation 
extremes observed in this study could be the possible reasons for the precipita-
tion extreme events (flooding, erosion, landslide, drought, etc) observed in Ni-
geria. These findings are clear indication of weather and climate extremes in the 
country.  

We tend to attribute our findings to global warming-induced climate change 
which altered rainfall patterns leading to extreme events (i.e. flooding, drought) 
in contrast to the assumption by the general populace as normal recurrent 
events. According to (Iqbal et al., 2019; Benson et al., 2017), global warm-
ing-induced climate change altered rainfall patterns. The changes in precipita-
tion and its extremes observed in this study may have severe implications on 
water resources and agriculture, among others.  

4. Conclusion and Recommendations 

1) Precipitation and its extremes indices varied spatially across Nigeria from 
one geographical location to another. 

2) Decreasing trends were observed in most of the precipitation indices which 
could be the possible explanation for the erratic rainfall, drought, and desertifi-
cation in most regions. 

3) Furthermore, increase upward trends observed in RX1, RX5, and R99p 
could be the major cause of erosion, landslide and flooding in most regions in 
Nigeria.  

4) The increase in CDD with the decrease in the corresponding CWD is an 
indication that the country is trending toward a warmer and drier climate. 

5) The observed spatial and temporal changes indicate that Nigeria’s climate is 
trending towards a warmer and drier condition. 

6) These changes were attributed to global warming-induced climate change, 
which altered historical rainfall patterns thereby leading to extreme events. 

7) The results of the analysis suggest the likelihood of severe impacts on water 
resources, agriculture, and water-sensitive economic activities.  

8) For a better understanding of the observed extreme events in the country 
such as heatwaves due to extreme temperature, we hereby recommend further 
studies. 
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