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ABSTRACT 
 

This study examined the effect of changing climate for thirty-six years (1982-2017) on 24-hourly 
annual maximum time series (AMS) rainfall data for Benin City. The results show the existence of a 
trend, variation in magnitude, and change point dates. Trend analysis was performed using Mann-
Kendall (MK) test and Sen’s slope estimator (SSE) applied to obtain the trend magnitude. A 
statistically significant trend was found for Benin City at a 5% level of significance. The MK |Z| 
statistic varied from 2.0710 to 2.1550 for IMD and 2.0844 to 2.0995 for MCIMD downscaling 
models, which were both greater than the critical Z-value of 1.96. The SSE gave the magnitude of 
the trend variation rate due to climate change at 24-hour duration as 1.008 mm/year (10.08 
mm/decade) and 1.1376 mm/year (11.376 mm/decade) for the IMD and MCIMD models, 
respectively. Also, the trend change point analysis was conducted using the distribution-free 
cumulative sum test (CUSUM) and the sequential Mann-Kendall test (SQMK) which has rainfall 
pattern definite change point date for Benin City as 2005 from where continued a positive trend 
which intensified through the year 2015. Thus, proving the existence of increasing changing climatic 
condition for the study area. 

Original Research Article 



 
 
 
 

Sam et al.; Int. J. Environ. Clim. Change, vol. 13, no. 5, pp. 202-212, 2023; Article no.IJECC.97603 
 
 

 
203 

 

Keywords: Rainfall data; 24-hourly AMS; statistical tests; trend analysis; change point; changing 
climate. 

 

1. INTRODUCTION 
 
The earth’s climate is moderated by a balance 
between rays coming from the Sun, and 
returning infrared rays from the earth. The 
infrared rays are absorbed by the greenhouse 
gases (GHG) and the cloud on its way back 
which eventually converts them to heat energy. 
Also, the heat engine of the earth is the solar 
radiation which contributes immensely in 
phenomena like rainfall, flooding, sea level rise 
and relative humidity because of differences in 
temperature. Thus, temperature and trends in 
climate data such as rainfall has been used as 
indicators of climate change by researchers to 
study the subject of climate change [1-5]. 
 
“Rainfall is an indicator for climate change which 
could be an increasing or decreasing process. 
The rainfall measurements constitutes series of 
data that can be analyzed as a time series. The 
characteristic of given set of time series 
observations could possess a gradual process in 
pattern termed as trend or possess abrupt 
changes that are described as trend change 
point. Recent studies on climate change have 
mostly focused on long-term variability of 
temperature and rainfall which are, as it were, 
considered the most important climate change 
indicators. However, evidence of climate change 
elsewhere and in Nigeria's meteorological 
system indicates an increasing rainfall trend in 
the coastal region and a decreasing rainfall 
inland” [5-10]. “Time-series analysis is an applied 
tool for the detection and quantitative description 
of the generating process characteristic of a 
given set of observations. The generative 
process of the time series possesses both 
gradual and abrupt changes that are described 
as either a trend or a trend change point. 
Therefore, trend analysis deal with evaluating 
gradual future events from past measured data, 
while change point detection deal with 
determining the unexpected, structural, changes 
in the time series data properties like mean or 
variance of the data” [11,12]. “There are different 
approaches in the literature used in calculating 
both the trend and change point. A parametric 
test is applied as a powerful tool, wherein the 
condition for its application required in trend 
analysis for a given data set are normal 
distribution and independence. Whereas, the 
non-parametric test data should be independent 
and tolerant of outliers. The non-parametric test 

for trend analysis in time series data that are 
most commonly applied adopted for this study is 
the Mann-Kendall test [11,13-16] and the Sen 
Slope estimator for evaluating the trend 
magnitude and its intercept” [17]. 
 
“Different techniques in the literature for the 
analysis of trend change points available are 
Wild binary segmentation, the Bayesian analysis 
of change points, the E-Agglomerative algorithm, 
and Iterative robust detection methods” [18-20]. 
“However, other methods of trend change-point 
analysis applied in this study is the Distribution-
free cumulative sum (CUSUM) and the 
Sequential Mann-Kendall (SQMN) tests”           
[21-23]. 
 
The purpose of this study is to determine the 
effect of changing climate in Benin City, Nigeria 
using measured time series rainfall data 
recorded for 36 years (1982-2017) in terms of 
trend, its variation and magnitude, and the trend 
change point dates. Trend analysis was 
performed using the Mann-Kendall (MK) test, 
and the Sen’s slope estimator (SSE) was applied 
to obtain the trend magnitude. The trend change 
point analysis was conducted using the 
distribution-free cumulative sum test (CUSUM) 
and the sequential Mann-Kendall test (SQMK). 
The ‘python statsmodel library-pymannkendall’ 
[24] and ‘trendchange’ [25,26] were the two 
different open-source software packages 
adopted.  
 

2. METHODOLOGY   
 
2.1 Study Area  
 

The study station Benin City is located in Edo 
State in the South-South region of Nigeria. It lies 
between latitudes 6

o
 52

’
 N – 6

o
 21

’ 
N and 

longitudes 5
o
 34

’ 
E – 5

o
 44

’ 
E, as shown in Fig. 1, 

sourced and enhanced from [27]. The area is 
located at an altitude/elevation of Nonem above 
sea level. Benin City has a tropical Savanna 
climate which is dry and wet. The driest month 
takes place in December period with 22.44 mm 
rainfall and the wettest month occurs in July with 
332.95 mm of rainfall. The study area receives 
about 189.68 mm of rainfall with about 274.89 
rainy days annually which is 75.31 % of the 
period. The annual highest and lowest 
temperature of 33.89 

0
C and 24.5 

0
C are 

recorded, respectively. 
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Fig. 1. Map of Edo State showing the study area - Benin City 
 

2.2 Data Collection  
 
The measured rainfall data for this study was 
collected for 36 years (1982-2017) from the 
Nigeria Meteorological Agency (NIMET) 
meteorological gauge station at Benin City. The 
collected data on rainfall amount was recorded in 
mm against corresponding durations recorded in 
minutes. Thereafter, the data was sorted out by 
extraction of the maximum daily (24-hourly) 
rainfall amount for each month with the maximum 
for each year extracted to obtain the 24-hourly 
annual maximum series (AMS) for the rest of the 
36 years interval.  
 

2.3 Downscaling of 24-hourly Rainfall 
Time Series Data into Shorter 
Durations  

 
“Maximum daily rainfall data were collated for 
each month for the 36 years for various analysis 
of the time series data. The maximum 24-hourly 
annual maximum series (AMS) rainfall data 
extracted was further downscaled into shorter 
duration rainfall as detailed in [28] for the trend 
study”. “The formula applied was the proposed 
Indian meteorological department (IMD) initially 

proposed by [29] and the modified Chowdhury 
Indian meteorological department (MCIMD) [30] 
given in Equations (1) and (2), respectively”. 
Equation (3) was used for conversion of rainfall 
amount to its intensity equivalent; 
 

  =     
 

  
 
 

                                                     (1) 

 

   =     
 

  
 
  

                                               (2) 

 
I =    / t                                                             (3) 
 
Where:    is the required rainfall depth in mm for 
durations less than 24 hours,     is the daily 
rainfall depth (mm), t is the required duration 
(hours), n is an exponential constant = 1/3; while 
for the MCIMD model the n and C are 
determined constants, where I denotes the 
rainfall intensity (mm/hr). 
 

2.4 Mann-Kendall Trend & Sen’ Slope 
Estimation Test 

 
“Mann Kendall test [11,13,31] is a rank-based 
statistical test that helps to check if there is a 
monotonous upward or downward trend existing 
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in a time series data”. “Mann Kendall (MK) test is 
a non-parametric test in which the distribution of 
the data set must not be auto-correlated (no 
serial correlated). The conditions required to 
achieve a relatively error-free MK test result are 
well treated in the literature” [32-35]. Trend Free 
Pre-Whitening (TFPW) is used to remove serial 
correlation where it exists in the rainfall data. [24] 
documented “the procedure used in performing 
the Mann-Kendall test to find if a monotonous 
positive or negative trend exist in the time series 
data. Where serial correlation exist in the data 
set the TFPW is applied to remove the serial 
correlation. And where the ACF is not significant, 
the MK test is applied directly to the original      
data set”. “The python statsmodel library- 
pymannkendall [24] was used to compute both 
the ACF at lag 1 and in applying TFPW to the 
time series data set before MK test was carried 
out on the pre-whitened data set if applicable. 
The trend magnitude was computed using the 
Sen Slope estimator analyzed with microsoft 
Excel stat 2016 and python pymannkendall 
library”.   
 

2.5 Trend Change-Point Test 
 
“Identifying trends and time of trend change, play 
a significant part in precipitation parameters and 
time-series studies. To determine the trend 
change-point, two non-parametric testing 
methods, the Distribution-free cumulative sum 
(CUSUM) test [21] and the Sequential Mann-
Kendall test [22,23] were applied”. The 
distribution free CUSUM test utilizes a 
cumulative sum chart, while the sequential 
Mann-Kendall (SQMK) test uses each sample 
point sequence that are sequentially treated in 
both pro-grade and retrograde manner. [36] also 
demonstrated “in detail the application of both 
non-parametric approaches. The “trendchange” 
package was used for the change-point 
analysis”. “The software package is an open-
source library freely available via the CRAN 
repository as version 1.2” [25,26]. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Results 
 

3.1.1 Data sets used for the time series 
analysis 

 

Detecting trend in the time series data was 
carried out for three different data sets. The first 
set of data was rainfall measurements obtained 
from downscaling 24-hourly rainfall data for 
Benin City (see Table 1) using the IMD formula in 

Equations (1) and (3), while the second set of 
data was the rainfall intensities obtained from 
downscaling the same 24-hourly rainfall data 
using the MCIMD model in Equations (2) and (3). 
The third data set is the initial sorted 24-hourly 
monthly maximum series (MMS) for the 36 years 
(1982-2017) study period. 
 
3.1.2 Trend change analysis using Mann-

Kendall (MK) statistic 
 

The performance of the MK test require the 
computation of the autocorrelation function (ACF) 
at lag 1 at 95% Confidence interval (see Fig. 2 
plot), which produced an insignificant result. 
Therefore, no trend free pre-whitening (TFPW) 
was applied, hence, the MK test was conducted 
directly on the original time series data. The 
results of the MK test are presented in Table 2. 
The     value for MCIMD model data varied for 
the various downscaled durations and ranges 
from 2.0844 to 2.0986 with slight variations for 
the IMD model data with range from 2.0710 to 
2.1550. All the MK statistic     values were 
greater than the Critical Z-value of 1.96. 
Similarly, the p-value for the MCIMD modeel data 
produced a range of value varying from 0.0359 to 
0.0371 for the different durations, while the IMD 
model data p-value were 0.0312 to 0.0384. 
These p-values obtained were all also below 
alpha,   = 0.05 level of significance. These 
results reinforces the existence of statistically 
significant trend in the various downscaled short 
duration data. 
 

3.1.3 Evaluation of trend magnitude & 
variation   

 

Evaluation of the magnitude of the trend was 
carried out using Sen’s slope estimator (SSE). 
The trend line intercept and slope,    obtained 
are indicated in Figs. 3 to 5 and the values 
presented in Table 2. The result of the slope 
shows decreasing positive values of 0.9574 at 
0.25 hour to 0.0420 at 24 hour, and 1.3893 at 
0.25 hour to 0.0474 at 24 hour for IMD and 
MCIMD models, respectively. The intercept for 
the IMD method also decreased from 79.3963 to 
3.8647 at 0.25 and 24 hours, respectively. The 
MCIMD data produced higher intercept values 
which similarly decreased from 139.0875 to 
4.0197 at 0.25 to 24 hours, respectively. From 
Fig. 3 graph, the result obtained for the 24-hourly 
MMS data confirmed the trend variation 
magnitude results by giving a slope value of 
0.020 mm/hr/year and intercept of 1.5168. The p-
value of 0.00118 which is far less than alpha 
value at 5% significant level was obtained. 
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Table 1. 24-hourly annual maximum series (AMS) rainfall data for Benin City 
 

Year Rainfall Amount (mm) Year Rainfall Amount(mm) Year Rainfall Amount(mm) 

1982 164.3 1994 156.1 2006 109.8 
1983 93.7 1995 93.3 2007 122.6 
1984 54.7 1996 121.1 2008 125.3 
1985 61.6 1997 122.6 2009 84.1 
1986 59.6 1998 87.8 2010 183.6 
1987 112.4 1999 78.9 2011 169.6 
1988 88.5 2000 99.1 2012 83.8 
1989 133.4 2001 96.9 2013 131.6 
1990 114.4 2002 95.8 2014 119.2 
1991 110.4 2003 102.5 2015 106.6 
1992 120.8 2004 101.7 2016 111.0 
1993 79.9 2005 114.6 2017 266.6 

 

 
 

Fig. 2. Correlogram of ACF at lag-1 for various 24-hourly AMS downscaled durations using 
MCIMD model for Benin City 

 

 
 

Fig. 3. 24-hourly MMS rainfall intensities trend pattern for Benin City (1982-2017) 
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Table 2. Mann-Kendall test and Sen Slope 
estimates result for Benin City 

 

Time 
(hrs) 

Statistic IMD MCIMD 

Value Value 

0.25 Z 
p-value 
   
Intercept 

2.0978 
0.0359 
0.9574 
79.3963 

2.0978 
0.0359 
1.3893 
139.0875 

0.5 Z 
p-value 
   
Intercept 

2.0978 
0.0359 
0.5999 
50.1000 

2.0978 
0.0359 
0.8274 
80.5208 

0.75 Z 
p-value 
   
Intercept 

2.0978 
0.0359 
0.4609 
38.1838 

2.0978 
0.0359 
0.6095 
58.6346 

1 Z 
p-value 
   
Intercept 

2.0844 
0.0371 
0.3741 
31.6538 

2.0844 
0.0371 
0.4929 
46.825 

2 Z 
p-value 
   
Intercept 

2.0710 
0.0384 
0.2352 
19.93 

2.0844 
0.0371 
0.2935 
27.314 

6 Z 
p-value 
   
Intercept 

2.0986 
0.0359 
0.1155 
9.5292 

2.0986 
0.0359 
0.1232 
11.7938 

12 Z 
p-value 
   
Intercept 

2.0718 
0.0383 
0.0707 
6.0625 

2.0986 
0.0359 
0.0768 
6.8562 

24 Z 
p-value 
   
Intercept 

2.1550 
0.0312 
0.0420 
3.8647 

2.0995 
0.0359 
0.0474 
4.0197 

Level of significant   = 0.05, where Z = standardized 
Mann Kendall statistic, 

   = Sen Slope (mm/hr/year), Critical Z-value = 1.96. 

 
Table 3. Distribution free CUSUM result for 

Benin 
 

Parameters Values 

Maximum CUMSUM value 5 
Critical value at 90% CI 7.32 
Critical value at 95% CI 8.16 
Critical value at 99% CI 9.78 
Date of Change 2004 and 2006 

 
3.1.4 Evaluation of time series data for trend 

change-point 
 
The result for the trend plots of the 24-hourly 
AMS rainfall intensities against duration (year) for 
Benin City for both long (24 hours) and short 

(0.25 hours) downscaled durations are presented 
in Figs. 4 and 5, respectively. Also carried out 
was trend change-point analysis for all the 
downscaled durations. The results of the 
distribution-free CUSUM and the Sequential 
Mann-Kendall tests are presented in Tables 3 & 
4. Figs. 6 and 7 show distribution-free CUSUM 
plot and Sequential Mann-Kendall plot for 24-
hourly AMS rainfall intensities, respectively, 
which were obtained via the “trendchange” 
software package [25,26]. 
 

Table 4. Trend change point for different 
downscaled duration rainfall intensities for 

various stations 
 

Rainfall durations  
(mins) 

CUSUM SQMK 

15 2004 and 2006 2005 
30 2004 and 2006 2005 
45 2004 and 2006 2005 
60 2004 and 2006 2005 
120 2004 and 2006 2005 
360 2004 and 2006 2005 
720 2004 and 2006 2005 
1440 2004 and 2006 2005 

 

3.2 Discussion 
  
3.2.1 Analysis of 24-hourly AMS non-

stationary rainfall trend 
 
This investigation established the existence of 
hydrological trends and variation in 24-hourly 
AMS extracted data from the 24-hourly Monthly 
Maximum Series (MMS) historical precipitation 
(rainfall) data (HPD). Three sets of 
meteorological time-series data were applied. 
The IMD model data and the MCIMD model data 
downscaled from Table 1 using Equations (1) 
and (2), respectively, with those of the initially 
extracted MMS recorded rainfall intensities. The 
data produced identical or consistent results as 
can observed as we progress.       
 

3.2.2 Analysis of 24-hourly AMS rainfall trend 
change-point 

 
Change point analysis identifies the most 
probable date for occurrence of                         
significant change in the time series. Analysis of 
trend change points was for all the                       
24-hourly AMS time series downscaled 
durations. Results of the distribution-free 
cumulative sum (CUSUM) and sequential           
Mann-Kendall (SQMK) tests are presented in 
Table 4. Figs. 6 and 7 provide the graphical plots 
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of the distribution-free CUSUM and SQMK tests 
carried out, respectively, for different durations of 
the 24-hourly AMS rainfall intensity. Interpreting 
the result for Benin, the distribution-free CUSUM 
plot showed two change dates of 2004 and 2006 
at the maximum CUSUM value of 5.00 which is 
less than the critical value of 8.16 at 95% 
confidence interval (CI) shown in Table 3. 
Contrastingly, the SQMK plot produced a definite 
intersection point between the pro-grade and 
retrograde in the year 2005 at 95% CI. 
Therefore, it can be considered as the trend 
change point date being the intersection point 
between the pro-grade and retrograde at 95% 
confidence interval as indicated in Fig. 7. The 
positive trend continued and intensified through 
the year 2015, another point of intersection for 
the SQMK plot. 
 

3.2.3 Autocorrelation and trend-free pre-
whitening of 24-Hourly AMS rainfall  

 
The statistical tool adopted for non-stationarity 
check to confirm if trend exists in the time-series 
data was the Mann-Kendall (MK) test after 
autocorrelation analysis at 95% Confidence 
interval (CI). The Correlogram in Fig. 2 showed 
that the ACF at lag 1 was statistically insignificant 
for all downscaled rainfall durations. The 24-
hourly MMS data subjected to autocorrelation 
also exhibited the same features. Therefore, ACF 
values for the time-series data at a 95% 
Confidence interval were insignificant. This result 
does not require any trend-free pre-whitening 
(TFPW) because the time series data had no 
significant serial autocorrelation. Hence, the MK 
test was applied directly to the time series data.  
 

 
 

Fig. 4. 24-hourly AMS rainfall intensities trend pattern for IMD model downscaled durations for 
Benin City (1982-2017) 

 

 
 

Fig. 5. 24-hourly AMS rainfall intensities trend pattern for MCIMD model downscaled durations 
for Benin City (1982-2017) 
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Fig. 6. Distribution-free CUSUM plot for 24-hourly AMS rainfall intensity for Benin 
 

 
 

Fig. 7. Sequential Mann-Kendall plot for 24-hourly AMS rainfall intensity for Benin 
 
3.2.4 Trend and variations in MK and Sen’s 

slope test results 
 
The Mann-Kendall and Sen’s Slope tests results 
for Benin are presented in Table 2. The indices 
measured by the MK test for the trend are the p-
value at alpha value of 0.05 (5% level of 
significance) and the standardized MK statistics 
compared to the critical Z-value at 1.96. The 
hypothesis examined for the MK test is that for 
Ha: Alternate hypothesis, there is a trend in the 
rainfall intensity over time, and for Ho: Null 
hypothesis, there is no trend in the rainfall 
intensity over time. Therefore considering the 
various result for the MK and Sen’s Slope tests in 
Table 2, we have the following observations:- 
 
The calculated p-value varied from 0.0312 to 
0.0383, and 0.0359 to 0.0371 for IMD and 
MCIMD time series data, respectively. The p-
values were less than the alpha value of 0.05 at 
a 5% level of significance. The MK statistic 
varied from 2.0710 to 2. 1550 for both IMD and 
MCIMD data series and were all greater than the 
critical Z-value of 1.96. The alternate hypothesis 

is accepted as trend exists in the time series 
data.  
 
Sen’s Slope test also showed that the magnitude 
of the slope varied from 0.0420 to 0.9574 and 
0.0470 to 1.3893 for IMD and MCIMD time series 
data, respectively. The intercept, likewise varied 
from 3.8647 to 79.3963 and 4.0197 to 139.0875 
for the IMD and MCIMD data series, respectively. 
The data series for Benin indicated the same 
trend pattern and variation in the value of 
magnitude of the slope and the intercept as 
those found in sister stations in the region such 
as Uyo [10]. That is to say there is an increase in 
value from a higher duration of 24 hours to a 
lower duration of 0.25 hours. The result obtained 
for Benin did not conform with the opinion of [37] 
who reported an insignificant trend on observed 
time series data for the study area. The Mann-
Kendall result suggests that when developing the 
intensity-duration-frequency (IDF) model, the 
change in the behavioral parameter extremes 
such as shape, location and scale in the rainfall 
time series data must be put in-view in the 
rainfall data analysis especially for IDF modeling.  
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The Sen’s Slope results also proved that the 
magnitude of the trend decreases as the duration 
of rainfall increased that is to say that shorter 
durations tend to exhibit higher values than 
longer durations [10].  
 
3.2.5 Analysis of variations in magnitude 

and rainfall trend pattern  
 
The results of the MK trend and Sen Slope tests 
result presented in Tables 2 also indicated that 
both tests exhibited a high degree of 
consistency. “They both showed a statistically 
significant positive trend increase in their values 
of computed variables for 24 hours higher 
duration to 0.25 hours lower durations. The 
observed performance in the consistency of both 
tests conforms with some earlier publications” 
[34,36,38,39].  
 
The Sen’s Slope estimator (SSE) used for the 
quantification of the rate of change in the 
magnitude of rainfall intensity showed a positive 
trend variation which are statistically significant 
for the study area. For instance, the slope, Q, 
and the rate of variation observed for the station 
from Table 2 is given as 0.0420 and 0.0474 
mm/hr/year at 24 hours duration for IMD and the 
MCIMD data series, respectively, which 
translates to variation rate of 1.008 mm/year 
(10.08 mm/decade) and 1.1376 mm/year (11.376 
mm/decade) for the IMD and MCIMD models, 
respectively. 
 
The trend test for the 24-hourly monthly 
maximum series (MMS) in Fig. 3 also confirmed 
the test statistic, with a p-value of 0.00118 which 
is far less than the alpha value at a 5% 
significant level. Therefore, the 24-hourly AMS 
data could adequately serve as a representative 
sample for the time series data in IDF modeling 
for the prediction of rainfall intensity. The trend 
variation rate in extreme value precipitation is 
brought about by behavioral parameter extreme 
changes occasioned by climatic change. Human 
activity also generates greenhouse gas 
emissions with resultant land use changes. 
These factors result in extreme precipitation 
events that lead to landslides and flooding. 
 

These results agreed with the publications of 
earlier research along the coastal stations of the 
Gulf of Guinea. For instance, [4] got 
13mm/decade for Ghana, and [5] also had 55.2 
mm/decade, and [10] had a variable rate of 
21.288 mm/decade (for Uyo), for gauge stations 
in the Niger Delta. The results did not agree with 

those of [40], whose work was on the Nigerian 
hinterland and found a decreasing trend in the 
rate of the variability of rainfall and in the MK test 
statistic. These are evidence of climatic change 
variability in Nigeria whose trend shows rainfall 
increase in the coastal region [5,7,10] and 
decrease in the continental interiors [8,9]. 
 

4. CONCLUSION 
 
The consequences of changing climate were 
found to exist for Benin City in this study. 
Statistically significant trends were found for 
Benin City with the p-values less than the alpha 
value of 0.05 at 5% level of significance.  The 
calculated p-value varied from 0.0312 to 0.0383 
and 0.0359 to 0.0371 for IMD and MCIMD time 
series downscaled data, respectively. Also, the 
MK |Z| statistic varied from 2.0710 to 2.1550 for 
IMD and 2.0844 to 2.0995 for MCIMD 
downscaling model series, which were both 
greater than the critical Z-value of 1.96. 
 
The magnitude of the trend and variation rate 
contributed by climate change at 24-hour 
duration was 1.008 mm/year (10.08 mm/decade) 
and 1.1376 mm/year (11.376 mm/decade) for the 
IMD and MCIMD models, respectively. The 
rainfall pattern change point dates for Benin City 
were found to be from 2005 from where there 
continued to be a positive trend that intensified 
through the year 2015. 
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