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Abstract— Global warming effects have continued to drive considerable temporal and spatial shifts in variability and change of extreme 

events in Nigeria as related disasters are getting more frequent and severe. In this study, spatial and temporal variability of the frequency 

and intensity of extreme precipitation events in Nigeria (1975 – 2015) were examined using daily rainfall data set for 14 stations. Results 

showed a spatial pattern characterized by reducing frequency and intensity indicator values with increasing latitudes. The dominant trend 

discovered was the non-significant positive trend followed by significant positive trend which was observed in 46.6% and 24% of the assessed 

indices respectively. Bauchi (Sudan Savannah), Ilorin and Lokoja (Guinea Savannah) indicated significant increasing trend in at least 5 of 

the indices while Jos (Sudan Savannah) and Nguru (Sahel Savannah) showed decreasing trend in at least 3 of the assessed indices. 

Elevation when plotted against climatological mean of indices produced a relatively strong negative correlation (r > 0.5) and can averagely 

describe about 40% of the factors responsible for extreme rainfall in Nigeria.  

Index Terms— extreme rainfall, Nigeria, rainfall, Spatial shift, temporal trend 

——————————      —————————— 

1 INTRODUCTION                                                                     

LANNING for weather-related emergencies due to global 
warming, design of hydraulic structures, flood plain 
development, water resources and reservoir management, 

pollution control, and insurance risk calculations, all rely on 
knowledge of the frequency and intensity of extreme events [1], 
[2], [3]. Disasters as a result of extreme rainfall events that 
occurred in Nigeria have been detailed out by [4], [5]. A 
Nigerian Meteorological Agency (NIMET) study by [6] 
reported an increase in storm frequency and high intensity 
rainfall nationwide. Babatolu et al. [7] used 70 years of daily 
rainfall from eight stations in Niger River Basin Development 
Authority Area in Nigeria and reported that more recent data 
records from 1980-2010 revealed a significant increasing trend 
in annual heavy rainfall amount and frequency in the area. 
Abaje et al. [5] also showed there was a change towards wetter 
conditions between 1979 and 2008 in the Sudano-Sahelian 
ecological zone of Nigeria. Change of extreme rainfall events in 
South Africa was examined by [8]. The study covered a period 
of 60 years (1931 – 1990) from 314 stations. The intensity of 5, 
10, 20, 30 and 50-year recurrence interval was calculated for 
each station. The study was carried out using two time 
windows of 1931 – 1960 and 1961 – 1990. The trend analysis 
carried out showed that a significant increase in the intensity of 
high rainfall events was generally witnessed over the country.  

 

Kunkel et al. [9] also investigated trend of extreme rainfall 
events over the United States and Canada. 
For the United States, 1295 rainfall stations with 66-year 
observation data (1931 – 1996) were analyzed while 63 rainfall 
stations with 43-year observation data (1951 – 1993) were 
analyzed for Canada. Extreme rainfall events were defined for 
durations of 1, 3 and 7 days. Precipitation thresholds were 
defined by recurrence intervals of 1 and 5 years. This was 
identified for each station. The subsequent trend analysis 
showed that significant increase in the number of 7-day, 1-year 
events over the study period in the United States, while a non-
significant positive trend was identified over Canada. Zhai et al. 
[10] analyzed trend in frequency of daily precipitation extremes 
over China using 50 years (1951 – 2000) rainfall data from 530 
stations. To assess trends, it was computed in the number of 
relative events defined as the days with daily precipitation 
amount greater than the 95th percentile of all rain days during 
the study period. Significant trends were found in the different 
regions and cities however negative and positive trends 
cancelled out each other across the country. Fu et al. [11] used 97 
years’ observation record from 191 rainfall stations to investigate 
temporal changes in the number of extreme rainfall events in 
Australia. From the data series, 1, 5 10 and 30 days’ event 
duration were examined. The series identified was screened 
using recurrence interval of 1, 5 and 20 years. It was observed 
that more than half of the stations showed non-significant 
negative trend across the country. Klien Tank and Konnen [12] 
used seven indices of climate extremes for precipitation which 
are agreed internationally, they tested 151 rainfall stations across 
Europe. The results showed that an average of six out of the 
seven assessed indices significantly increase between 1946 and 
1999 across Europe.  

Most studies in Nigeria have concentrated effort in analyzing 
the trend of annual rainfall, with little research on extreme 
rainfall events, which are also mostly restricted to ecological 
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zones within the country. It has been suggested that tests for 
climate change should focus on changes in extreme events rather 
than on changes in climate mean [13]. This is further 
corroborated by [14] who found in a model-study that changes 
in moderately extreme precipitation may be more robustly 
detectable than changes in mean precipitation. Therefore, this 
study examines the time series of extreme rainfall events over 
Nigeria. The aims were to (I) detect possible temporal trend in 
frequency and intensity of extreme rainfall events in Nigeria for 
1975 – 2015; and (II) determine daily maximum rainfall 
thresholds for 1, 5, and 25-year return periods. 

2 STUDY AREA AND DATA SET 

2.1 Description of study area 

Nigeria is located in West Africa between latitudes 4o - 14oN 
and longitudes 2o2’ - 14o30’E and has a total area of 923,768 km2. 
The country’s north-south extent is about 1,050 km and its 
maximum east-west extent is about 1,150 km. It is bordered in 
the east by Cameroon, the West by Benin Republic, the South 
by the Atlantic Ocean and in the North by Chad and Niger 
Republic. The far south is defined by its rain forest climate, 
characterized by heavy rainfall, while between the far south 
and far North is Savannah experiencing low rainfall, most 
especially in the Sahel Savannah zone. The agro-ecological 
zones of the country are classified by Nigeria Meteorological 
Agency (NIMET) into five, namely Swamp Rain Forest (SRF), 
Tropical Rain Forest (TRF), Guinea Savannah (GSH), Sudan 
Savannah (SuSH) and Sahel Savannah (SaSH). Fig. 1 shows a 
map of Nigeria and the location of stations from which data for 
this study were obtained. Mean annual rainfall reduces as one 
moves from the coastal region to the inlands 

2.2 Data set 

Part of the World Meteorological Organization (WMO) 
guidelines states that for statistical reasons, long term series 
over a 30-year period or more, is needed to obtain reasonable 
estimates of the intensity and frequency of rare events [15], [16] 
and to ignore bias trend. It is also desirable that the data should 
be high time resolution, at least daily data, to take into 
consideration the sub monthly nature of extremes. For the 
current study, 41 years (1975 – 2015) available data was 
considered as an ideal period to show the climatic trend of the 
study area. The data set for the 14 stations were obtained from 
the NIMET, Oshodi. The data were checked manually for 
missing rainfall records. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

3 ANALYSIS METHOD 

3.1 Data homogeneity tests 

For testing the homogeneity in this study, two tests were 
applied. This includes the Pettitt’s and Buishand Range test. 
These tests are more sensitive to a shift in the middle of the 
series. Following [17], these tests are summarized as follows: 
The Pettitt test is an adaptation of the rank-based Mann-
Whitney test. It helps to identify the time at which a break 
occurs in a time series. This non-parametric test requires no 
assumption about data distribution. The ranks ri, …, rn of the Yi, 
…, Yn are used to calculate the statistics: 
𝑋𝑦 = 2∑𝑟𝑖 − 𝑦(𝑛 + 1), 𝑦 = 1, 2, 3, … , 𝑛   (1) 
The break is identified occurring in year k when: 
𝑋𝑘 = max|𝑋𝑦|      (2) 
1 ≤ y ≤ n 
The Buishand’s range test can be used for data following any 
type of distribution. The test utilizes the adjusted partial sums 
or cumulative deviations S*, defined as: 
𝑆0
∗ = 0       (3) 
𝑆𝑦
∗ = ∑ (𝑌𝑖

𝑦
𝑖=1 − �̅�), y = 1,2,3, …, n    (4)  

For a homogeneous record, one may expect that the 𝑆𝑦
∗ fluctuate 

around zero since there is no sympathetic pattern in the 
deviations of the Yi from their average value Y. If a break is 
present in year y, then 𝑆𝑦

∗ reaches a maximum or minimum 
value near the year y. The ‘rescaled adjusted range’, R, which is 
the gap between maximum and minimum of 𝑆𝑦

∗ scaled by the 
standard deviation of sample (s), is used to examine the 
significance of break.  
 
𝑅 =

(1≤𝑌≤𝑆𝑦
∗  (max)−1≤𝑦≤𝑛𝑆𝑦

∗  (min )

𝑆
     (5) 

 
The homogeneity tests were applied on number of rainy days. 
Wijngaard et al. [17] proposed the number of rainy days in a 
year as more appropriate variable because its variability is 
lower than that of annual total rainfall but it still represents 

 

Fig. 1: Map of Nigeria showing the location of stations used in this 

study 
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important characteristic variation at the daily scale. 1 mm was 
used to define a rainy day. The null hypothesis of the test is that 
data are homogeneous. The alternative hypothesis is that there 
is a date at which there is a change in the data. It was computed 
at significance level of 5%. 
3.2 Threshold and extreme event indicators  

For defining site specific thresholds, one-day duration 
events were examined and were screened using four 
precipitation thresholds which are expressed by 95th percentile 
of the daily rainfall distribution and daily maximum rainfall for 
1, 5 and 25-year return periods. Similar method was adopted by 
[9], [11], [18]. The thresholds were determined by the ranked 
accumulated time series and recurrence intervals. Using 41 
years daily rainfall record (1975 – 2015), threshold for the 95th 
percentile and 1-year recurrence interval was defined by 
sorting daily rainfall from the largest to smallest observation. 
The threshold for 1-year recurrence interval was defined as the 
41st value in the series while rainfall value at the 95th percentile 
of the distribution represented the 95th percentile threshold. 
However, for 5 and 25-year return period, the threshold values 
were calculated using Gumbel’s extreme value theory. It is a 
statistic that deals with extreme events which have low 
probability. It is also called extreme value theory type I and is 
unbounded.  

Some extreme indices suggested by WMO were also 
calculated. These include R20mm, R50mm, R95p, RNRD, RX1d, 
RX5d, SDII and RTOT. These indices are presented in Table 2. 
Each index was calculated for each location and was expressed 
as annual series. RX5d was calculated using the accumulated 
precipitation time series method. For example, assuming x1, x2, 
. . . xn represents the daily precipitation time series for a weather 
station, where ‘n’ is the number of days, the accumulated 
precipitation time series for RX5d would be x12345, x23456, . . . xn-

4,n-3,n-2,n-1,n. Similar method was used by [19] to determine rainfall 
for consecutive days. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Temporal Trend Analysis 

The trend in the series was identified using the Mann-Kendall 
test. It has been applied by [1,20], etc. The Mann–Kendall test 
statistic S is given by [20] as: 

𝑆 = ∑ ∑ 𝑠𝑔𝑛(𝑥𝑗 − 𝑥𝑘)
𝑛
𝑗=𝑘+1

𝑛−1
𝑘=1     (6) 

Where n is the length of the time series xi ……., xn and sgn (.) is a 

sigh function, xj and xk are the values in years’ j and k, respectively. 

The test statistic Z is then given as: 

      (7) 

𝑍 =

{
 

 
𝑆−1

√𝜎2(𝑆)

0
𝑆+1

√𝜎2(𝑆)

      (8) 

The Z statistic is then used to test the null hypothesis (H0), that the 

extreme precipitation data are randomly ordered in time, against 

the alternative hypothesis (HA), where there is an increasing or 

decreasing monotonic trend. For this study, the test statistics were 

tested at 0.1% (most significant), 1% (highly significant), 5% 

(more significant) and 10% (significant) significance levels. The 

slope of the trend was estimated using Theil-Sen slope estimator. 

The formula is given as: 

𝑏 = 𝑚𝑒𝑑𝑖𝑎𝑛 (
𝑥𝑗−𝑥𝑖

𝑗−𝑖
)  𝑓𝑜𝑟 𝑖 = 1,……… , 𝑛 𝑎𝑛𝑑 𝑖 < 𝑗  (9) 

Where b is the estimate of the slope of the trend and xi, xj is the ith and jth 

observation. It has been commonly used in identifying the slope of the 

trend in the hydrological data series [1]. 

Spatial point analysis was applied to explore spatial characteristic of 

extreme rainfall events. Similar application was used by [9], [11]. The 

variables are displayed on the map by points and marks which describe 

locations of the objects and provide additional information which further 

describes the variable through type, size or shape. 

4 RESULTS AND DISCUSSION 

4.1 Homogeneity Test Result 

Significance level of 5% was selected for the Pettitt’s and 
Buishand’s test which was used to test the data homogeneity. 
In all the stations, the null hypothesis was accepted, that is, the 
data is homogeneous. As such, further analysis can be 
conducted using this data. 
4.2 Site Specific Thresholds 

There are four indices representing the characteristic of rainfall 
intensity at each specific location. This includes rainfall at 95th 
percentile (R95p) of the distribution, rainfall depth for 1-year 
return period (R1yr), rainfall depth for 5-year return period 
(R5yr) and rainfall depth for 25-year return period (R25yr). A 
box plot for all the thresholds is presented in Fig. 2. R95p varies 

TABLE 1 
EXTREME INDICES AND THRESHOLDS IN THE STUDY 
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from 38.8 mm to 64.2 mm. The minimum value was observed 
at Jos (Guinea savannah region) while the maximum value was 
observed at Calabar (Swamp rainforest region). Threshold 
values for 1-year return period (R1yr) varied from 49.7 mm up 
to 117.8 mm. The minimum value was observed at Nguru 
(SaSH) while the Maximum was observed also at Calabar. The 
ratio of maximum to minimum 1-year threshold in Nigeria is 
lesser than that in Australia (160 mm/2.5 mm [11]), China (200 
mm/3.5 mm, [19]) and USA (100 mm/15 mm, [9]).  This implies 
a relatively lesser spatial variation of extreme rainfall in Nigeria 
as compared with these countries. Threshold values for the 5-
year return period range from 64.5 mm to 150.0 mm while for 
25-year return period, the values range from 86.9 mm to 204.3 
mm. The maximum and minimum values for both return 
periods were observed in the same location as 1-year return 
period. Calabar station recorded the highest value for all the 
thresholds while Nguru station recorded the least value for all 
thresholds except that for 95th percentile. The assessed stations 
showed an average of 49.5 mm, 76.5 mm, 105.3 mm and 140.1 
mm for rainfall amount at 95th percentile, 1-year, 5-year and 25-
year return period respectively. On the average, R5yr was about 
2.1 and 1.38 times greater than R95p and R1yr respectively 
while R25yr was also about 2.83 and 1.83 times greater than 
R95p and R1yr respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The spatial patterns for the thresholds analyzed, which are 
representatives of daily intensities, are similar and are 
displayed in Fig. 3, 4, 5 and 6. It is noticeable that in the rain 
forest region, the daily intensities for given recurrence interval 

are commonly high while it is generally low in the savannah 
region. It was also observed that areas with low altitudes had 
larger threshold values than those with smaller altitudes. 
Surprisingly, Bauchi exhibited high thresholds when compared 
to other stations analyzed in the savannah region. It was 
noticed that Ikeja, Benin, and Ijebu station has experienced at 
least two 25-year return period daily maximum rainfalls during 
the study period, both coming within the last two decades. 
Bauchi and Ilorin however had a daily maximum which far 
exceeded the 25 year return period daily maximum rainfall, all 
coming within the last five years of the study period. This 
shows increasing rate of very high intensity rainfall in recent 
years. Calabar, Katsina, and Lokoja however have not 
experienced the 25-year return period daily maximum within 
the study period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.1 Comparison of The Site Specific Thresholds 
with Fixed Threshold 

Nigeria Meteorological Agency (NIMET) in the Nigerian 
climate review (2012) and other flood studies have described 
rainfall of 100.0 mm and above as high impact (extreme) daily 
rainfall. This value has also been used as fixed threshold in 
China [10], Indonesia [25] and many more countries. 

 

 

Figure 2: Box plot of thresholds for extreme rainfall of assessed 

stations across Nigeria.  Each box encloses the middle of 50% of data 

in which the median value is displayed as a line within the box. The 

upper and lower ends of the box are upper and lower quartile (Q3 and 

Q1). The lines extending from the top and bottom of each box denote 

the minimum and maximum values based on quartile criteria (1.5 × 

Inter-Quartile Distance (Q3 – Q1)). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Spatial distribution of thresholds based on 95th percentile (left) 

and 1-year return period (right) in agro ecological zones of Nigeria 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Spatial distribution of thresholds based on 5-year (left) and 25-

year (right) return periods in agro ecological zones of Nigeria and 1-

year return period (right) in agro ecological zones of Nigeria 
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Comparing with the average of the site specific thresholds, it 
was observed that the fixed threshold being used by NIMET is 
probably related to an event with 5-year return period whose 
daily rainfall amount is about 105.3 mm in average over the 
study area. Thus, the fixed threshold of 100 mm is very much 
able to describe frequency of extreme events in terms of rarity.  
However, the use of a fixed threshold may be impractical for 
the study of extreme events in this study as there are large 
variations in rainfall pattern across the various agro ecological 
zones in the study area. 
4.3 Climatological Mean of Annual Indices of Extreme 

Events 

The frequency and intensity indices for each station were 
calculated based on annual block meaning that there is one 
value for each year and is presented in Table 2. For the 41-year 
period, each station has a maximum number of 41 values. To 
characterize spatial pattern of extreme indices, each annual 
index was averaged to obtain climatological mean of each index 
per station. The frequency and intensity indicators behavioral 
pattern is quite similar in respect of topographic and 
geographic feature.  The pattern clearly indicates relatively 
higher values in the SRF region while low values are obtained 
in the SaSH region for all indices. This was also observed by 
[21] who reported Katsina (SaSH) and Calabar (SRF) as having 
the lowest and highest rainfall in the country respectively. The 
indices also showed reduction as one moves from the lower to 
the higher latitudes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.4 Trend of frequency Indicators 

The trend result for frequency of extreme events in Nigeria is 
presented in Table 3. The slopes have been converted and are 
in events per decade to clearly show the decadal magnitudes. 
The number of daily rainfall events exceeding 20 mm (R20mm) 

over all the zones showed an average Z of 1.48. Across the 
swamp rain forest zone, an upward trend was noticed which 
was significant at Ikeja station. In the Tropical rain forest zone, 
Benin showed an upward significant trend in R20mm while 
Ijebu and Ikom showed an upward and downward non-
significant trend, respectively. The Guinea savannah zone 
shows a general upward significant trend except for Enugu 
station. In the Sudan savannah zone, Bauchi shows an upward 
significant trend, notably the highest in the country with an 
increase of approximately 3 events per decade. Jos and Kaduna 
shows a non-significant downward and upward trend 
respectively. The Sahel savannah zone generally shows non-
significant trends with Katsina and Nguru showing positive 
trends while Gusau shows a downward trend in R20mm. The 
results of R50mm reveal that 6 stations have a significant 
upward increase in R50mm, with Bauchi having the highest Z 
value of 3.59 and significant at all significant levels applied. The 
Swamp rain forest zone had mixed trend results with Calabar 
and Ikeja having positive and negative trends respectively, 
though not significant. The tropical rain forest zone and the 
Guinea savannah zone show an overall upward trend in 
R50mm. This trend was significant at Ijebu station in the 
Tropical rain forest zone and at Ilorin and Lokoja in the Guinea 
savannah zone. Kaduna alongside Bauchi indicates a 
significant increase in amount of heavy rainfall in the Sudan 
Savannah. In the Sahel savannah zone, Katsina shows a 
significant increase in R50mm while Gusau and Nguru show a 
non-significant upward and downward trend respectively. The 
result of trend for number of rainfall exceeding 95th percentile 
of rainfall series (R95p), categorized as very heavy rainfall 
events showed three significantly increasing stations. Swamp 
rainforest zone shows a similar pattern with trend analysis of 
R50mm in Calabar and Ikeja. The tropical rain forest region 
shows an overall upward trend in R95p which was statistically 
significant at Ijebu. Same pattern was observed in the Guinea 
savannah zone and was statistically significant at Ilorin. Bauchi, 
like in other indices assessed earlier, shows the highest 
significant trend value. Jos and Kaduna however indicate a 
downward and upward trend respectively in the Sudan 
savannah zone. Nguru in the Sahel savannah zone shows no 
trend in the series while Gusau and Katsina show a statistically 
non-significant downward and upward trend in R95p. The 
number of rainy days (RNRD) was the last assessed frequency 
indicator. The Swamp rain forest region shows a general 
upward trend, which was significant at Ikeja station. In the 
tropical rain forest, only Ikom gives a non-significant 
downward trend in RNRD. Also in the Guinea savannah 
region, only Ilorin station shows a non-significant downward 
trend in Number of rainy days. Enugu shows a significant 
increase in number of rainy days with a magnitude of about 2 
events per decade. Unlike other frequency factors earlier 
analyzed, Bauchi shows a non-significant downward trend in 
RNRD. Same trend was seen at Kaduna. Jos however shows a 
positive trend, but like other stations in the zone, this trend was 
not significant. The Sahel savannah zone shows a general non-
significant increase in trend of RNRD. 
 
 

TABLE 2 
CLIMATOLOGICAL MEAN OF FREQUENCY AND INTENSITY 

INDICATORS FOR EACH STATION 
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4.5 Trend of Intensity Indicators 

The intensity indicators of extreme events assessed in this study 
includes maximum daily rainfall (RX1d), maximum cumulative 
rainfall amount of 5 consecutive rain days (RX5d), annual total 
rainfall (RTOT) and simple daily intensity index (SDII). Table 4 
shows the result of trend analysis of intensity indicators 
assessed in this study. For RX1d, all stations in the rain forest 
region showed a non-significant upward trend with magnitude 
ranging from approximately 0.3 mm to 4.9 mm per decade of 
rainfall which were both found in the Swampy areas of the 
zone. The dominant trend in the savannah region is an upward 
trend. Lokoja and Bauchi stations in the savannah zone show 
significant increase in trend with Bauchi indicating over 10 mm 
increase in RX1d per decade over the study period. Nguru and 
Jos however show non-significant decreasing trends with 
Nguru having a decreasing magnitude of over 2 mm per 
decade. For index RX5d, the dominant trend across the agro 
ecological zones is non-significant upward trend. The swamp 
rain forest zone and Guinea savannah zones had an upward 
trend across their zones. The tropical rain forest region was 
dominated by reducing trend in RX5d except Ijebu which 
showed a magnitude of about 7.4 mm of increase per decade of 
maximum cumulative five-day consecutive rainfall. Ilorin and 
Bauchi stations were the only stations that showed significant 
increase in RX5d. Bauchi had highest magnitude of 14.2 mm per 
decade across the study location. It was observed all agro 

ecological zones have at least one station showing significant 
upward increase in annual total rainfall (RTOT) except Sahel 
savannah zone. The range of magnitude across the stations is 
between approximately 7.5 mm to 153.4 mm per decade. About 
50% of stations experience significant increase in RTOT. Non-
significant decreasing trends are observed at Ikom and Jos 
stations. Trend of average daily rainfall intensity (SDII) shows 
the dominant trend across all stations for this index is 
increasing trend. About 50% of all stations showed significant 
increase in SDII. These stations were concentrated within the 
tropical rainforest and Guinea savannah zones. Overall, both 
for the frequency and intensity indicators, the dominant trend 
was the non-significant positive trend. The frequency of R95p 
and R50mm was found to be on the increase averagely across 
the assessed stations. Similar observation was made by [6] who 
stated that high intensity rainfall is on the increase nationwide. 
Babatolu et al. [7] also reported an increasing trend in heavy 
rainfall events over the Niger Basin Development Authority 
Area, an area located within the Savannah region. BMKG [25] 
also observed an upward shift in rainfall across all climatic 
zones in the country. Furthermore, [5], [22], [23], [24] all stated 
an increasing wetter condition for areas in the Sudano-Sahel 
ecological zone. Only Ikom, Jos, Gusau and Nguru failed to 
show any significant trend. All other stations showed at least 
one significant trend in one of the indices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TABLE 3 
MANN-KENDALL AND SEN’S TESTS STATISTICS FOR 

FREQUENCY INDICATORS OVER DIFFERENT AGRO ECOLOGICAL 

ZONES OF NIGERIA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

TABLE 4 
MANN-KENDALL AND SEN’S TESTS STATISTICS FOR INTENSITY 

INDICATORS OVER DIFFERENT AGRO ECOLOGICAL ZONES OF 

NIGERIA 
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4.6 Spatial Distribution of Extreme Indices 

Fig. 7 represents the spatial distribution of stations showing 
consistently significant trend. Bauchi station showed a very 
significant increase in every index except number of rainy days. 
Most of the indices assessed at this station were found to be 
significant at 0.1 %. The effect of extreme rainfall related 
disasters in this area could become very serious. Ilorin station 
also showed significant increase in six of the assessed eight 
indices including R20mm, R50mm and R95p. This leads to these 
areas potentially being at high risk of occurrence of extreme 
related disasters which may be more frequent in coming years. 
At Lokoja, significant positive trend was found for five indices 
which potentially lead to high risk of hydro-meteorological 
disaster. More so, the location is the confluence of two major 
rivers (River Niger and River Benue) in Nigeria. There is a high 
probability of rivers overflowing their banks and causing 
serious human and physical losses. These three areas have 
experienced some of the worst flooding in recent years. 
Jos station was found to be consistently decreasing in all indices 
assessed except number of rainy days. If current trend is 
sustained in this location, drought may be probably expected in 
the coming years. Nguru also showed non-significant negative 
trends in RX1d, RX5d and R50mm. However, with increasing 
trends observed in moderate rainfall, number of rainy days and 
total annual rainfall, and if the negative trends detected at this 
station are temporary, then there could be hope of this area not 
sliding into drought or serious flooding. No station was found 
to be significantly reducing across all indices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.7 Effect of Topography On Extreme Indices 

The effect of topography was explored by plotting the 
climatological mean of different extreme indices against 
elevation of rain stations. Using a scattered plot, a relationship 
between these variables could be assessed. The elevation of the 
stations ranges from 38 to about 1290 meters (m). To obtain a 
clear pattern, the elevation has been converted using 
logarithmic transformation. This is to make the elevation range 
shorter than that of the original value. 
Fig. 8, 9, 10 and 11 present the scatter plot of climatological 
mean of indices against elevation. Overall, elevation was found 
to significantly influence all index tested as their correlation 
coefficient exceeded 0.5. Also, influence of elevation was found 
to be weakest on R95p (30%) and RNRD (27%) and strongest on 
RX1d (57%) and SDII (48%). From the assessment, one can 
conclusively expect to observe more frequent and intense 
extreme rainfall at areas of high elevation and vice versa, as the 
values of the indices generally decreases with an increase in 
elevation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Spatial distribution of stations showing consistently significant 

positive trend 

 
 
 
 
 
 
 
 
 
 
 
 
 

   
 
Fig. 6: The scatter plot index R50 mm (left) and R20 mm (right) against 

log of elevation 
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Fig. 7: The scatter plot index R95p (left) and RNRD (right) against log 

of elevation 
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5 SUMMARY AND CONCLUSION 

Using daily rainfall data from fourteen stations for a period of 
forty-one years (1975 – 2015), the trend of extreme rainfall 
events over Nigeria have been assessed using some frequency 
and intensity indicators. Non-parametric statistical tests were 
used to evaluate the variation of these indices across the 
country. The results show that: 
i. The spatial pattern of extreme rainfall events over 
Nigeria or both the frequency and intensity indicators is 
generally characterized by high values in areas along the 
coastline and reduces as one move inland towards the Northern 
parts of the country.  
ii. Overall, the non-significant positive trend occurred in 
about 46.6% of assessed indicators and was the most widely 
noticed trend of extreme rainfall events across the country. 
However, Bauchi, Ilorin and Lokoja, all in the savannah 
climatological zone, showed consistently significant positive 
trend in at least five of the assessed indices and were tagged as 
high risk areas for more frequent floods in the future. Jos 
however consistently showed non-significant reducing trend in 

seven indices, thereby may be prone to drought in coming 
years. 
iii. Elevation of stations has a relatively strong negative 
correlation with all the assessed indices with correlation 
coefficient ranging between 0.5 and 0.8 and can averagely 
describe about 40% of the indices variation.  
iv. The impact may render existing hydraulic design  
criteria inaccurate and inappropriate while hydraulic structures 
in the country could become incapable and highly insufficient 
for the floods that may occur in the future. In general, 
effectiveness of hydraulic structures must be maintained at 
high level else their failure may begin to occur frequently, 
making extreme events more severe and disastrous in the 
coming years. 
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Fig. 9: The scatter plot index RTOT (left) and SDII (right) against log of 

elevation 
 

y = -810.53x 
+ 3298.7

R² = 0.3481 
r = 0.6

500

1000

1500

2000

2500

3000

3500

1.5 3.5

R
ai

n
fa

ll 
(m

m
)

Log of Elevation 
(m)

y = -2.1209x 
+ 20.584

R² = 0.4758
r = 0.7

12

13

14

15

16

17

18

19

1.5 3.5

R
in

fa
ll 

(m
m

)

Log of Elevation (m)

648

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 10, Issue 8, August-2019  
ISSN 2229-5518 

 

IJSER © 2019 

http://www.ijser.org  

Clim 17: 3683–3700 

[15] Longobardi Antonia, Villani Paolo. 2009.Trend Analysis of annual and 

seasonal rainfall time series in the Mediterranean area. International Journal of 

Climatology. DOI: 10.1002/joc.2001 

[16] World Meteorological Organization (WMO). 2009. Guidelines on Ananlysis of 

Extremes in a changing climate in support of informed decisions for 

adaptation.WCDMP – No. 72. WMO – TD No. 1500. 

[17] Wijngaard JB, Klien Tank AMG, Konnen G.P. 2003.Homogeniety of 20th 

century European Daily Temperature and Precipitation Series. International 

Journal of Climatology. 23: 679 – 692. DOI: 10.1002/joc.906 

[18] Kunkel KE, Easterling DR, Redmond K, Hubbard K. 2003.Temporal variations 

of extreme precipitation events in the United States, 1895–2000.Geophys. Res. 

Lett. 30 (17), 1900. http://dx.doi.org/10.1029/2003GL018052. 

[19] Guobin Fu, Jingjie Yu, Xiubo Yu, Rulin Ouyang, Yichi Zhang, Ping Wang, 

Wenbin Liu, Leilei Min. 2013. Temporal variation of extreme rainfall events in 

China, 1961–2009. Journal of Hydrology 487 (2013): 48–59. 

www.elsevier.com/locate/jhydrol 

[20]  Salmi T, Maatta A, Anttila P, Ruoho-Airola T, Amnell T. 2002.Detecting Trends 

of Annual Values of Atmospheric Pollutants by the Mann-Kendall Test and 

Sen’s Slope Estimates – The Excel Template Application 

MAKESENS.Publication on Air Quality, no. 31. Finnish Meteorological 

Institute: Helsinki. 

[21] Ewona IO., Osang JE, Udo SO. 2014. Trend analyses of rainfall patterns in 

Nigeria using regression parameters. International Journal of Technology 

Enhancements and Emerging Engineering Research. Vol. 2, issue 5 129 ISSN 

2347-4289 

[22] Ati OF, Iguisi EO, Afolayan JO. 2007. Are we experiencing drier conditions in 

the Sudano-Sahelian Zone of Nigeria. J. of Appl. Sci. Res. 3(12): 1746-1751. 

[23] Ati OF, Stigter CJ, Iguisi EO, Afolayan J.O. 2009.Profile of rainfall change and 

variability in the northern Nigeria, 1953-2002. Research Journal of 

Environmental and Earth Sciences, 1(2), 58-63. 

[24] Morakinyo TE, Ogungbenro SB. 2014. Rainfall distribution and change 

detection across climatic zones in Nigeria. Weather and Climate Extremes. 

Published by Elsevier. www.elsevier.com/locate/wace 

[25] Badan Meteorologi Klimatologidan Geofisika (BMKG). 2010. The Condition of 

Weater and Climate Extreme, 2010 – 2011: a press release. Jarkarta. Published 

in Indonesian (bahasa Indonesia).J. Williams, “Narrow-Band Analyzer,” 

PhD dissertation, Dept. of Electrical Eng., Harvard Univ., Cambridge, 

Mass., 1993. (Thesis or dissertation) 

 

649

IJSER

http://www.ijser.org/



