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ABSTRACT 
 

The study determined the effect of changing climate on rainfall 24-hourly annual maximum series 
(AMS) downscaled data found to be statistically insignificant in trend for the Port Harcourt 
metropolis. The measured rainfall data for this study were collected for 35 years (1971-2005) from 
the Nigeria Meteorological Agency (NIMET). The 24-hourly (AMS) rainfall data extracted were 
further downscaled into shorter-duration rainfall using Indian Meteorological Department (IMD) and 
the Modified Chowdhury Indian Meteorological Department (MCIMD) method. The result of the 
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slope obtained showed decreasing positive values of 0.5250 (at 0.25 hour) to 0.0249 mm/hr/year 
(at 24 hours) and 0.7625 (at 0.25 hour) to 0.0250 mm/hr/year (at 24 hours) for IMD and MCIMD 
models, respectively. The variable rate of change obtained showed 0.6 mm/year or 6.00 
mm/decade at 24 hours. Relatively, the trend test for the 24-hourly monthly maximum series (MMS) 
also showed a p-value of 0.2289 which is greater than the alpha value at a 5% significant level with 
a slope value of 0.0006 to confirm the positive mild trend status of the 24-hourly AMS sample data. 
The trend change point date was obtained in 1988 by plotting the distribution-free cumulative 
(CUSUM) test, while the sequential MK (SQMK) test gave another year of change point date as 
1994, further intensifying the positive trend change in the Port Harcourt metropolis. Therefore, 
proving the existence of mild and positive changing climatic conditions in the time series measured 
rainfall data for the study area. 
 

 
Keywords: Rainfall data; annual time series; trend; variation rate; change point date; statistical test.  
 

1. INTRODUCTION 
 
Anthropogenic and natural weather-induced 
causes have led to an increase in global warming 
and extra-value precipitation extremes globally 
and within the Niger Delta for over a century. The 
survival of critical infrastructures designed based 
on the stationary assumption of time-variant 
parameters is being called to question with the 
resultant severe climatic changes. 
 
“Rainfall serves as an indicator of climate change 
which could have increasing or to decrease 
characteristics. The rainfall measurements 
constitute a series of data that can be analyzed 
as a time series. Time-series analysis is an 
applied tool for the detection and quantitative 
description of trend, its variation in quantity and 
change point which is characteristic of a given 
set of observations in rainfall time series data. 
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” [1,2]. “We have different 
approaches in the literature used in computing 
both the trend variation rate and change point 
dates. A non-parametric test is applied to the 
data which should be independent, and tolerant 
of outliers. The non-parametric test for trend 
analysis in time series most commonly applied is 
the Mann-Kendall test [1,3-6] and the Sen Slope 
estimator is also used for evaluating the trend 
magnitude and the intercept” [7]. 
 
"Available techniques in the literature for the 
analysis of trend change points include the Wild 
binary segmentation, the Bayesian analysis of 

change points, the E-Agglomerative algorithm, 
and Iterative robust detection methods” [8,9]. 
“However, for application in this study are the 
Distribution-free cumulative sum (CUSUM) and 
the Sequential Mann-Kendall (SQMN) tests”            
[10-13]. 
 
Therefore, this study shall examine the effect of 
changing climate in the Port Harcourt metropolis, 
Nigeria using measured time series rainfall data 
recorded for 35 years between 1971-2005) 
regarding the trend, the variation and magnitude 
including the trend change point dates. The 
‘python statsmodel library-pymannkendall’ [14] 
and ‘trendchange’ [15,16] were the two different 
open-source software packages adopted for the 
various analyses.  
 

2. METHODOLOGY  
  

2.1 Study Area   
 
Port Harcourt metropolis is located between 
Latitude 4° 45’N and Latitude 4° 55’N, and 
Longitude 6° 55’E and Longitude 7° 05’E in 
Rivers State.  This spans from Port Harcourt City 
through Obio/Akpor Local Government Area to 
part of Ikwerre and Etche Local Government 
Areas. Omagwa International Airport where the 
meteorological station of the Nigerian 
Meteorological Agency (NIMET) is located is in 
the Ikwerre Local Government area. Therefore, 
the four Local Government Areas situated in 
Rivers State constitute the affected catchment 
area as in Fig. 1. Located at about 25 km from 
the Atlantic Ocean, It lies at an average altitude 
of about 12 m above mean sea level. 
Temperatures over the Port Harcourt metropolis 
are constantly high with a mean maximum of 
about 34°C and a mean minimum of about 21°C. 
The highest temperatures are recorded between 
the months of April and October. “The area 
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experiences heavy seasonal rainfall from March 
to October and a dry period that lasts from 
November to February with occasional rainfall” 
[17]. The rains vary in duration and intensity and 
also decrease from the South to the North. 
 

2.2 Data Collection  
 
This study’s rainfall time series data were 
collected for 35 years (1971-2005) from the 
Nigeria Meteorological Agency (NIMET) gauge 
station. The rainfall amount collected was 
recorded in mm against corresponding durations 
recorded in minutes. The data were further 
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 annual maximum series (AMS) data for the 
35 years interval. 
 

2.3 Downscaling 24 Hours into Shorter 
Durations Time Series Data 

 
The 24-hourly annual maximum series (AMS) 
rainfall data extracted were further downscaled 
into shorter duration rainfall as documented in 
detail in [18] for the study, applying the proposed 

Indian Meteorological Department (IMD, [19]) 
and the Modified Chowdhury Indian 
Meteorological Department (MCIMD, [20]). 
 

2.4 Mann-Kendall Trend & Sen’s Slope 
Test 

 
“Mann Kendall test [1,3,21] is a rank-based 
statistical test that helps to check if there is a 
monotonous increasing or decreasing trend 
existing in the time series data”. “Mann Kendall 
(MK) test is a non-parametric test in which the 
distribution of the data must not be normally 
distributed without serial correlation 
(autocorrelation). Trend Free Pre-Whitening 
(TFPW) was adopted in this study in order to 
remove serial correlation where it exists in the 
rainfall intensity as outlined in” [22]. “But where 
the ACF is not significant MK test can be applied 
directly to the original data set. The python 
statsmodel library- pymannkendall [14] was used 
to compute both the ACF for lag 1 to ascertain if 
the data require TFPW”. “The magnitude of the 
trend and intercept was computed using the Sen 
Slope estimator. Microsoft xlstat 2016 and 
python pymannkendall library were used in the 
analysis of the Sen Slope and intercept” [23]. 

 

 
 

Fig. 1. Map of Rivers State showing Port Harcourt metropolis 
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2.5 Trend Change-Point Test 
 
“To carry out the trend change-point analysis, 
two non-parametric testing methods, the 
Distribution-free cumulative sum (CUSUM) test 
[11] and the Sequential Mann-Kendall test 
[12,13] was used. The free CUSUM test uses a 
cumulative sum chart, while the sequential 
Mann-Kendall (SQMK) test utilizes each sample 
point sequence sequentially treated in both pro-
grade and retrograde procedures” [23] also 
documented “in detail the application of both 
non-parametric approaches”.  “The software 
package used for the change-point analysis is 
“trendchange” which is an open-source library 
freely available via the CRAN repository and 
version 1.2” [15,16]. 
 

3. RESULTS  
  

3.1 Rainfall Data Set from 24-Hourly 
Annual Maximum Time Series 

 
Three different sets of data were used for 
detecting the trend in the time series data. The 
first set of data were rainfall measurements 
obtained from downscaling 24-hourly rainfall data 
(Table 1) using the IMD formula in models, while 
the second set of data were obtained using the 
MCIMD model. The third data set is the initial 
sorted 24-hourly monthly maximum series (MMS) 
for 35 years (1971-2005). 
 

3.2 Mann-Kendall (MK) Trend Change 
Analysis 

 
The MK test execution initially commenced with 
the computation of the autocorrelation function 
(ACF) which result indicated that the ACF was 
not significant at a 95% Confidence interval as in 
Fig. 2. Thus, no trend-free pre-whitening (TFPW) 
was applied to the original time-series data. The 
MK test was performed directly on the original 
time series data. The results of the MK test are 
presented in Table 2 with the value computed for 
IMD model data ranging from 0.9943 to 1.0242 
and those for the MCIMD model ranging from 
0.9943 to 1.0238. All the MK computed values 
were less than the Critical Z-value of 1.96. 
Similarly, the p-value for the IMD model varied 
from 0.2993 to 0.3201 for the durations, while the 
MCIMD model p-value also varied from 0.3059 to 
0.3201. These p-values obtained were all also 

more than alpha,   = 0.05 level of significance. 
These results show that the trend was positive 
and insignificant. 

3.3 Sen’s Slope Trend Magnitude  
 
The magnitude of the trend was evaluated using 
Sen’s slope estimator, and presented in Table 2. 
The result of the slope shows decreasing positive 
values of 0.5250 (at 0.25 hour) to 0.0249 (at 24 
hours) and 0.7625 (at 0.25 hour) to 0.0250 (at 24 
hours) for IMD and MCIMD models, respectively. 
The intercept for the IMD method also decreased 
from 81.475 to 3.875 at 0.25 and 24 hours, 
respectively. The MCIMD data produced higher 
intercept values which similarly decreased from 
142.138 to 4.175 at 0.25 to 24 hours, 
respectively. From the Fig. 3 graph, the                   
result obtained for the 24-hourly MMS data 
confirmed the slope or trend variation magnitude 
value as 0.0006 mm/hr/year and intercept of 
1.7437. The p-value of 0.2289 obtained is far 
greater than the alpha value at 5% level 
significance. 
 

3.4 Time Series Data Trends Change-
Point Analysis 

 
The trend graph plots of the 24-hourly AMS 
rainfall intensities for both long (24 hours) and 
short (0.25 hours) durations are presented in 
Figs. 4 and 5, respectively. 
 
Also, analysis was carried out for the trend 
change-point for all downscaled durations with 
the results of the distribution-free CUSUM and 
the Sequential Mann-Kendall tests presented                
in Tables 3 & 4. Figs. 6 and 7 show the 
distribution-free CUSUM plot and Sequential 
Mann-Kendall plot for 24-hourly AMS                         
rainfall intensities, respectively, obtained                      
via the “trendchange” software package             
[15,16]. 
 

4. DISCUSSION  
      

4.1 Trend Analysis of 24-Hourly AMS 
Rainfall 

 
This investigation established the existence of 
hydrological trends and variation in 24-hourly 
AMS extracted data from 24-hourly Monthly 
Maximum Series (MMS) historical precipitation 
(rainfall) data (HPD).  Three sets of 
meteorological time-series data were applied, the 
downscaled data using the Indian meteorological 
department (IMD), and the modified Chawdury 
IMD (MCIMD) downscaling model as shown in 
Table 1. The third is the initially extracted MMS-
measured data. 
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Fig. 2. Correlogram of ACF at lag-1 for various 24-hourly AMS downscaled durations using IMD 
model for Port Harcourt metropolis 

 

Table 1. Downscaled rainfall intensity using IMD model for Port Harcourt metropolis 
 

Year No 0.25hr 0.5hr 0.75hr 1hr 2hr 6hr 12hr 24hr 

1 142.2
±
 89.6 68.4 56.4 35.6 17.1 10.8 6.8 

2 86.0 54.2 41.4 34.1 21.5 10.3 6.5 4.1 
3 73.6 46.4 35.4 29.2 18.4 8.9 5.6 3.5 
4 58.6 36.9 28.2 23.3 14.7 7.0 4.4 2.8 
5 123.6 77.9 59.4 49.1 30.9 14.9 9.4 5.9 
6 142.3 89.6 68.4 56.5 35.6 17.1 10.8 6.8 
S7 68.8 43.3 33.1 27.3 17.2 8.3 5.2 3.3 
8 94.5 59.5 45.4 37.5 23.6 11.4 7.2 4.5 
9 66.5 41.9 32.0 26.4 16.6 8.0 5.0 3.2 
10 100.7 63.5 48.4 40.0 25.2 12.1 7.6 4.8 
11 124.3 78.3 59.8 49.3 31.1 14.9 9.4 5.9 
12 81.9 51.6 39.4 32.5 20.5 9.8 6.2 3.9 
13 86.6 54.5 41.6 34.4 21.6 10.4 6.6 4.1 
14 61.2 38.5 29.4 24.3 15.3 7.3 4.6 2.9 
15 65.3 41.2 31.4 25.9 16.3 7.9 4.9 3.1 
16 75.2 47.4 36.2 29.8 18.8 9.0 5.7 3.6 
17 91.1 57.4 43.8 36.2 22.8 11.0 6.9 4.3 
18 81.8 51.5 39.3 32.4 20.4 9.8 6.2 3.9 
19 104.3 65.7 50.1 41.4 26.1 12.5 7.9 5.0 
20 103.2 65.0 49.6 40.9 25.8 12.4 7.8 4.9 
21 90.4 57.0 43.5 35.9 22.6 10.9 6.8 4.3 
22 81.2 51.1 39.0 32.2 20.3 9.8 6.1 3.9 
23 104.3 65.7 50.1 41.4 26.1 12.5 7.9 5.0 
24 116.9 73.6 56.2 46.4 29.2 14.1 8.9 5.6 
25 112.2 70.7 53.9 44.5 28.0 13.5 8.5 5.4 
26 110.7 69.7 53.2 43.9 27.7 13.3 8.4 5.3 
27 67.1 42.3 32.3 26.6 16.8 8.1 5.1 3.2 
28 115.2 72.6 55.4 45.7 28.8 13.8 8.7 5.5 
29 116.1 73.1 55.8 46.1 29.0 14.0 8.8 5.5 
30 70.3 44.3 33.8 27.9 17.6 8.5 5.3 3.4 
31 81.4 51.3 39.1 32.3 20.4 9.8 6.2 3.9 
32 84.1 53.0 40.4 33.4 21.0 10.1 6.4 4.0 
33 161.9 102.0 77.8 64.2 40.5 19.5 12.3 7.7 
34 151.5 95.4 72.8 60.1 37.9 18.2 11.5 7.2 
35 72.8 45.8 35.0 28.9 18.2 8.7 5.5 3.5 

±
Dis-segregated Rainfall Intensities (mm/hr) 
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Fig. 3. 24-hourly MMS rainfall intensities trend pattern for Port Harcourt metropolis (1971- 2005) 
 

Table 2. Result of Mann-Kendall (MK) test and Sen Slope Estimates (SSE) 
 

Time (hrs) Statistic IMD MCIMD 

Value Value 

0.25 Z 
p-value 
   
Intercept 

1.008 
0.3133 
0.5250 
81.475 

1.008 
0.3133 
0.7625 
142.138 

0.5 Z 
p-value 
   
Intercept 

0.9943 
0.3201 
0.3333 
51.333 

1.008 
0.3133 
0.4583 
82.3083 

0.75 Z 
p-value 
   
Intercept 

0.9943 
0.3201 
0.25 
39.25 

1.008 
0.3133 
0.3375 
59.862 

1 Z 
p-value 
   
Intercept 

1.008 
0.3133 
0.2083 
32.36 

0.9943 
0.3201 
0.2708 
47.896 

2 Z 
p-value 
   
Intercept 

1.009 
0.3132 
0.1333 
20.33 

0.9943 
0.3201 
0.1625 
27.938 

6 Z 
p-value 
   
Intercept 

1.0379 
0.2993 
0.0625 
9.8375 

1.0232 
0.3062 
0.0750 
11.925 

12 Z 
p-value 
   
Intercept 

1.0232 
0.3062 
0.040 
6.120 

0.9948 
0.3198 
0.0400 
7.02 

24 Z 
p-value 
   
Intercept 

1.0242 
0.3057 
0.0249 
3.875 

1.0238 
0.3059 
0.0250 
4.175 

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

   = Sen Slope (mm/hr/year), Critical Z-value = 1.96 
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Table 3. Distribution free CUSUM result for 
Port Harcourt metropolis 

 

Parameters Values 

Maximum CUMSUM value 5 
Critical value at 90% CI 7.22 
Critical value at 95% CI 8.05 
Critical value at 99% CI 9.64 
Date of Change 1988 

 

4.2 Trend Change-Point Analysis of 24-
Hourly AMS Rainfall 

 
The change point analysis identified the probable 
date with a significant change occurring 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 have the distribution-free CUSUM 
and SQMK plots, respectively, for different 
durations of rainfall intensity. The distribution-free 
CUSUM plot showed a change date in 1988 at 
the maximum CUMSUM value of 5.00 less than 
the critical value of 8.05 obtained at 95% CI 
showed in Table 3. Coincidentally, the SQMK 
plot presented in Fig. 7 produced a definite 
intersection between the pro-grade and 
retrograde in 1994 at 95% CI for the Port 
Harcourt metropolis, notwithstanding showing      
the time series had intersections at several 
places which should have meant the absence               
of a significant trend. Hence we adopt                          
the change point date given by the plot                            
of the distribution-free CUSUM test in the                   
year 1988. However, 1994 can be viewed as 
another year of further intensification of a positive 
trend change as provided by the SQMK test 
result. 

 

 
 

Fig. 4. 24-hourly AMS rainfall intensities trend pattern for IMD model downscaled durations for 
Port Harcourt metropolis (1971-2005) 

 

 
 

Fig. 5. 24-hourly AMS rainfall intensities trend pattern for MCIMD model downscaled durations 
for Port Harcourt metropolis (1971-2005) 
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Table 4. Trend change point for different 
downscaled duration rainfall intensities for 

various durations for Port Harcourt 
metropolis 

 

Rainfall durations 
(mins) 

CUSUM SQMK 

15 1988 1994 
30 1988 1994 
45 1988 1994 
60 1988 1994 
120 1988 1994 
360 1988 1994 
720 1988 1994 
1440 1988 1994 

 

4.3 Autocorrelation and TFPW of 24-
Hourly AMS Rainfall  

 
The Correlogram diagram presented in Fig. 2 
showed that the autocorrelation function (ACF) at 
lag 1 was statistically insignificant for all 
downscaled rainfall durations. The 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. The MK test was applied 
directly to the time series data. 
  

4.4 Trend and Variations in MK Test and 
Sen Slope Estimator Statistics  

 
The Mann-Kendall test results are presented in 
Table 2. The statistic measured by the MK test 
for the trend is the p-value at a 5% level of 
significance and the standardized MK statistic is 
similarly compared to the critical Z-value at 1.96. 
Thus, the results of the MK, p and the slope                  
Q showed that the computed p-value varied  
from 0.2993 to 0.3201, and 0.3059 to 0.3201                 
for IMD and MCIMD time series data, 
respectively. The p-values were more than                  
the alpha value of 0.05 at a 5% level of 
significance. The MK statistic varied between         
the range of 0.9943 to 1.0242 for both IMD                 
and MCIMD data series and was all less than              
the critical Z-value of 1.96. The verdict is                  
that no significant trend exists in the time series 
data. 

 

 
 

Fig. 6. Distribution-free CUSUM plot for 24-hourly AMS rainfall intensity for Port Harcourt 
metropolis 

  

 
 

Fig. 7. Sequential Mann-Kendall plot for 24-hourly AMS rainfall intensity for Port Harcourt 
metropolis 
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Considering the Sen’s Slope test, it also showed 
that the magnitude of the slope varied from 
0.0249 to 0.5250 and 0.0250 to 0.7625 for IMD 
and MCIMD time series data, respectively. The 
intercept varied from 3.875 to 81.475 and 4.175 
to 142.138 for the IMD and MCIMD data series, 
respectively. The Port Harcourt metropolis data 
series indicated the same trend pattern and 
variation in the values of its magnitude of the 
slope and the intercept as those of sister stations 
in the region such as Uyo town. The Sen’s Slope 
results were also in tandem with the magnitude 
of the trend which decreased as the duration of 
rainfall increased which means that shorter 
durations tend to exhibit a higher value than 
longer durations [22]. 
 

4.5 Variations in Magnitude and Trend of 
Evaluated Test Statistic  

 
The results of the MK trend and Sen Slope 
analysis presented in Table 2 also indicated that 
both tests were consistent. The results of the 
trend and slope showed a statistically 
insignificant positive trend increase in value for 
24 hours higher duration to 0.25 hours lower 
durations. The observed performance in the 
consistency of both tests was congruent with 
some earlier publications [24-26].  
 
The slope magnitude showed a mild increasing 
trend variation statistically insignificant. The rate 
of change in the magnitude of rainfall intensity is 
evaluated using the SSE technique. From Table 
2 the Q at 24 hours duration is evaluated as 
0.0249 and 0.0250 mm/hr/year for the IMD and 
the MCIMD data series, respectively, which 
translates to a variable rate of 0.6 mm/year or 
6.00 mm/decade for both the IMD and MCIMD 
models, respectively. 
 
The trend test for the 24-hourly MMS in Fig. 3, 
the parent sample, also produced a p-value of 
0.2289 which is greater than the alpha value at a 
5% significant level. The slope value was given 
as 0.0006 to confirm the positive mild trend 
status which is like the 24-hourly AMS sample 
data. 
 
The present study variation rate in rainfall 
intensity is consistent with most earlier research 
work for the coastal stations of the Gulf of 
Guinea for instance, [27] had 13mm/decade for 
Ghana, [28] also had 55.2 mm/decade for gauge 
stations in the Niger Delta, and most recently [22] 
had 21.288mm/decade for Uyo in the Niger 
Delta. The results were at variance with the 

opinion of [29], whose work was on the Nigerian 
hinterland and found a negative trend in the                
rate of the variability of rainfall and the MK                 
test statistic. These are evidence of climatic 
change variability in Nigeria whose trend shows 
rainfall decreases in the continental interiors 
[22,28,30-32]. 
 

5. CONCLUSION 
 
The study examined the effect of changing 
climate in 24-hourly time series rainfall data 
within the study period for the Port Harcourt 
metropolis. Rainfall intensity virtually showed a 
uniform distribution when plotted against 
duration, and a mild positive trend was found, 
that was statistically insignificant. The p-values 
obtained were more than the alpha value of 0.05 
at a 5% (significant level) for each downscaled 
duration. Also, the computed p-value varied from 
0.2993 to 0.3201 and 0.3059 to 0.3201 for IMD 
and MCIMD time series data, respectively.  
 
Similarly, the MK statistic also varied from 0.9943 
to 1.0242 for both data series which were less 
than the critical Z-value of 1.96. The parent 
sample, the 24-hourly MMS, also produced a p-
value of 0.2289, greater than the alpha value at a 
5% significant level with the slope value of 
0.0006 to confirm the positive mild trend status of 
the 24-hourly AMS sample data. 
 
Interestingly, the slope magnitude also showed a 
mild increasing trend in variation from 0.0249 to 
0.5250, and 0.0250 to 0.7625, with the rate of 
change in rainfall intensity at 24 hours duration 
as 0.0249 and 0.0250 mm/hr/year for the IMD 
and the MCIMD time series data, respectively. 
This translates to a variable rate of change of 0.6 
mm/year or 6.00 mm/decade.  
 
The trend change point date was determined to 
occur in 1988 from the plot of the distribution-free 
CUSUM test, with the year 1994 also recorded 
as another year of change point date that             
further intensified the positive trend change from 
the SQMK analysis for the Port Harcourt 
metropolis.  
 
Therefore, applying the non-stationary concept to 
adequately address the influence of behavioural 
parameter extremes in climatic change 
contributing to trends and variation rate in time 
series data will be justified while planning for 
Intensity-Duration-Frequency modelling for 
accuracy and effective rainfall prediction delivery 
for the study area. 



 
 
 
 

Sam et al.; Int. J. Environ. Clim. Change, vol. 13, no. 7, pp. 118-128, 2023; Article no.IJECC.98972 
 
 

 
127 

 

DISCLAIMER 
 

The products used for this research are 
commonly and predominantly used products in 
our area of research and country. There is 
absolutely no conflict of interest between the 
authors and producers of the products because 
we do not intend to use these products as an 
avenue for any litigation but for the advancement 
of knowledge. Also, the research was not funded 
by the producing company rather it was funded 
by the personal efforts of the authors. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
  

1. Mann HB. Nonparametric tests against 
trend, econometrica. 1945;13:245–259. 

Available:https://doi.org/10.2307/1907187 

2. Zhang Q, Liu C, Xu CY, Xu Y, Jiang T. 
Observed Trends of annual maximum 
water level and streamflow during past 130  
years in the Yangtze River Basin, China.  
Journal of Hydrology. 2006;324(1-4):255–
265. 

3. Kendall MG. Rank correlation methods, 
Griffin, London, UK; 1975. 

4. Lehmann EL. Non-parametrics, statistical 
methods based on ranks, Holden-Day, San 
Francisco, California, USA; 1975. 

5. Longobardi A, Villani P. Trend analysis of 
annual and seasonal rainfall time series in 
the mediterranean area. Inter- National 
Journal of Climatology. 2010;30(10):1538–
1546. 

6. Yanming Z, Jun W, Xinhua W. Study on the 
change trend of precipitation and 
temperature in Kunming city based on 
Mann-Kendall analysis, in Future 
Computer, Communication, Control and 
Automation. Advances in Intelligent and 
Soft Computing, Springer, Berlin, 
Germany. 2011;119:505-513. 

7. Sen PK. Estimates of the regression 
coefficient based on Kendall’s tau. Journal 
of the American Statistical Association. 
1968;63(324):1379–1389.  

Available:https://doi.org/10.1080/01621459
.1968.10480934 

8. Baranowski R, Fryzlewicz P. WBS: Wild 
Binary Segmentation for multiple change-
point detection. R Package Version 1.1; 
2014. 

9. Fryzlewicz P. Wild binary segmentation for 
multiple change point detection. 
Department of Statistics, London School of 
Economics, London; 2013. 

10. Erdman C, Emerson JW. BCP: An R 
package for performing a Bayesian 
analysis of change point problems. Journal 
of Statistical Software. 2007;23(3):1–13. 

11. McGilchrist CA, Woodyer KD. Note on a 
distribution-free cusum technique. 
Technometrics. 1975;17:321–325.  

12. Taubenheim J. An easy procedure for 
detecting a discontinuity in a digital time 
series. Zeitschrift für Meteorol. 
1989;39:344–347. 

13. Sneyers R. On the statistical analysis of 
series of observations. World Meterological 
Organizaion: Geneva, Switzerland; 1990. 

14. Seabold S, Perktold J. Satsmodel: 
Econometric and statistical modeling with 
python. In 9

th
 Python in Science 

Conference; 2010. 
15. R Core Team R: A Language and 

Environment for Statistical Computing. R 
Foundation for Statistical Computing, 
Vienna, Austria; 2021.   

16. Patakamuri SK. Trendchange: Innovative 
trend analysis and time-series change 
point analysis, the R project for statistical 
computing; Viena, Austria; 2022. 

17. Gobo AE. Relationship between rainfall 
trends and flooding in the Niger–Benue 
River         Basins. The Journal of 
Meteorology, U.K. 1988;13(132):318-19. 

18. Sam MG, Nwaogazie IL, Ikebude C. 
Improving Indian meteorological 
department method for 24-hourly rainfall 
downscaling to shorter durations for IDF 
modeling. International Journal of 
Hydrology. 2021;5(2):72-82.  
DOI: 10.15406/ijh.2021.05.00268 

19. Rashid M, Faruque S, Alam J. Modelling of 
Short Duration Rainfall Intensity Duration 
Frequency (SDRIDF) Equation for Sylhet 
City in Bangladesh. ARPN J. Sci. Technol. 
2012;2:92-95. 

20. Ramaseshan S. Urban hydrology in 
different climate conditions. Lecture Notes 
of the International Course on Urban 
Drainage in Developing Countries, 
Regional Engineering College, Warangal, 
India; 1996. 

21. Gilbert RO. Statistical methods for 
environmental pollution monitoring. John 
Wiley and Sons, New York; 1987.  

22. Sam MG, Nwaogazie IL, Ikebude C. Non-
stationary trend change point pattern using 

https://doi.org/10.2307/1907187
https://doi.org/10.1080/01621459.1968.10480934
https://doi.org/10.1080/01621459.1968.10480934


 
 
 
 

Sam et al.; Int. J. Environ. Clim. Change, vol. 13, no. 7, pp. 118-128, 2023; Article no.IJECC.98972 
 
 

 
128 

 

24-hourly Annual Maximum Series (AMS) 
precipitation data. Journal of Water 
Resources and Protection. 2022;14:592-
609.  
Available:https//doi.org/10.4236/jwarp.202
2.148031 

23. Sam MG, Nwaogazie IL, Ikebude C. 
Climate change and trend analysis of 24-
hourly annual maximum series using 
mann-kendall and sen slope methods for 
rainfall IDF modelling. International Journal 
of Environment and Climate Change. 
2022;12(2):44-60.  
DOI:10.9734/IJECC/2022/v121230628 

24. Yue S, Pilon P, Phinney B. Cavadias G. 
The influence of autocorrelation on the 
ability to detect trend in hydrological series. 
Hydrological Processes. 2002;16:1807-
1829.      
Available:https://doi.org/10.1002/hyp.1095 

25. Shadmani M, Maron S, Roknian M. Trend 
analysis in reference evapotranspiration 
using Mann-Kendall and Spearman’s Rho 
Test in Arid Regions of Iran. Water 
Resources Management.  2012;26(1):211-
224. 

26. Ahmad I, Tango D, Wang T, et al. 
Precipitation trends over time using Mann-
Kendall and Spearman’s rho tests in Swat 
River Basin, Pakistan. Advances in 
Meteorology. 2015;431860: 1-15. 

27. Ayensu A. Assessment of climate change 
and vulnerability trends in temperature and 
rainfall. J. Appl. Sci. Technol. (JAST). 
2004;9(112):21-27. 

28. Nwaogazie IL, Ologhadien I. Trend in 
climate change and vulnerability 
assessment of Nigerian Gulf of Guinea. 
Standard Scientific Research and Essays. 
2014;2(10):516 -523.  

29. Okafor GC, Jimoh OD, Larbi KI. Detecting 
changes in hydro-climatic variables during 
the last four decades (1975 – 2014) on 
downstream Kaduna River catchment, 
Nigeria. Atmospheric and Climate 
Sciences. 2017;(7):161-17. 

30. Ebele NE, Emodi NV. Climate Change and 
its Impact in Nigerian Economy. Journal of 
Scientific Research and Reports. 
2016;10(6):1-13. 

31. Elisha I, Sawa BA, Lawrence EU. 
Evidence of climate change and adaptation 
strategies among grain farmers in Sokoto 
State, Nigeria. IOSR Journal of 
Environmental Science, Toxicology and 
Food Technology (IOSR-JESTFT). 2017; 
11(3):1-7. 

32. Olaniyi OA, Funmlayo OA, Olutimehin IO. 
Review of climate change and its effect on 
Nigeria Ecosystem. International Journal of 
Environment and Pollution Research. 
2014;2(3):70-81. 

 

© 2023 Sam et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/98972 

https://doi.org/10.1002/hyp.1095
http://creativecommons.org/licenses/by/2.0

