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Abstract

Precipitation has become a major topic of discussion in the subject of climate change. Studies have presented correlative relationships between
climate change and the existing alterations in the global water cycle, leading to more extreme precipitation events, including both droughts and
floods. This has shown severe impacts on agriculture, water resources, ozone levels, and human settlements. Accordingly, this study analyzes the
trends in 40 years (1981-2020) of total monthly and annual precipitation data from six selected locations in Nigeria, using both the Mann-Kendall
(MK) and new Sen’s innovative trend analysis (ITA) method. The stations were chosen because of their close proximity to the Niger or Benue
Rivers. The data were visually analyzed using boxplots to identify seasonal patterns and outliers, and the results of the MK test show that four of
the six locations detected trends for annual and wet season precipitation variations. However, this was not applicable to dry season variations. The
ITA test results show that only Kainji has an increasing trend in total annual and wet season precipitation, especially for high precipitation values,
whereas other locations show decreasing trends for maximum precipitation values. A comparison of the two tests suggests that, the ITA test is
more sensitive in detecting trends in precipitation data for the study locations. Overall, this study provides useful information for understanding
the precipitation patterns in Nigeria, and can assist in planning and implementing appropriate water resource management strategies, with regards
to the major rivers in the region.

DOI:10.46481/jnsps.2025.1868

Keywords: Rainfall, Precipitation, Climate change, Innovative trend analysis, Mann-Kendall trend test

Article History :
Received: 26 October 2023
Received in revised form: 14 August 2024
Accepted for publication: 25 September 2024
Available online: 23 November 2024

© 2025 The Author(s). Published by the Nigerian Society of Physical Sciences under the terms of the Creative Commons Attribution 4.0 International license. Further distribution of this

work must maintain attribution to the author(s) and the published article’s title, journal citation, and DOI.

Communicated by: Omosanya Kamaldeen Olakunle

∗Corresponding author: Tel.: +234-701-877-4580.
Email address: emmanuelpaulagbo@gmail.com (Emmanuel P. Agbo

)

1. Introduction

1.1. Background
Climate change is a global phenomenon, and a major con-

cern in recent times [1]; encompassing fields such as sustain-
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able development [2], health impacts [3], mental well-being
and environmental impact assessment [4]. The result is se-
vere weather conditions with adverse impact on ecosystems,
economies and human lives. A key environmental compo-
nent affected by climate change is precipitation, and its rate of
change significantly affects agriculture, water resources and hy-
drological systems [5].

In Refs. [6, 7] it was demonstrated that there was a change
in global precipitation patterns due to climate change, and Nige-
ria is not an exception. In Nigeria, variations in precipitation
patterns over time have induced flooding, droughts, and other
water-related risks; according to a study by Chinwendu et al.
[8] and Akpodiogaga-a and Odjugo [9]. This has resulted in the
nation experiencing significant socioeconomic impacts includ-
ing decreased agricultural output, infrastructure damage, and
population displacement [10, 11]. Nigeria’s major rivers, the
River Niger and the River Benue, are crucial to the nation’s
management of natural water supplies and agricultural endeav-
ors [12]. Thus, making the effect of climate change on precipi-
tation patterns along both rivers rivers a core focus of numerous
research. For instance, a study by Aich et al. and Oguntunde
and Abiodun [13, 14] discovered that rainfall over the Niger
River basin has increased significantly whereas rainfall over the
Benue River basin has dropped.

1.2. Literature review

The literature review presentation in Table 1 evaluates pre-
vious studies including the methods employed, research out-
comes, the implications of the findings revealed, and its conse-
quences concerning climate change. Concerning rainfall vari-
ability analysis in Ref. [15], a few common techniques are the
coefficient of variation (COV), the standardised anomaly index
(SAO), and the precipitation concentration index (PCI). These
methods provide some considerable insight into the existing
temporal patterns of rainfall variations in diverse regions. How-
ever, these techniques are limited in their ability to detect trends
across specific data ranges. Trend analysis in rainfall or temper-
ature variation is suitably examined in several studies [15–24]
using the Mann-Kendall (MK) test and Sen’s slope estimators
(SSE). Nevertheless, even the MK test and SSE have certain
limitations as they are incapable of detecting non-monotonic
trends and clusters, and are only suitable to identifying mono-
tonic trends.

Specifically, the MK test is a non-parametric test capable
of detecting monotonic trends in a time series data. However,
the aforementioned limitation and its de-sensitivity to outliers
has shown an underestimation of significance in some analysed
trends. For instance, Alifujiang et al. [17] study on the Upper
Wabe Shebelle River Basin in Southern Eastern Ethiopia shows
that the MK test was limited in detecting significant trends in
only 19.4% of the assessed stations, whereas the ITA method
was able detect significance in 36.1%. Additionally, the Sen’s
slope estimators (SSE) is suited to estimating the magnitude of
the trend [15, 16, 18–21].The SSE is a non-parametric method,
that is less sensitive to detecting outliers compared to the MK
test. A unique characteristic of the SSE is its leanings towards

a linear trend. However, such a behaviour is not always accu-
rate, and can induce an overestimation or underestimation of the
trend’s magnitude; this is bound to vary. Thus, the Innovative
Trend Analysis (ITA) method is used in overcoming such lim-
itations as employed in the following studies [15–19, 21, 23–
29].

The ITA method has been seen to be more efficient in de-
tecting low, medium and high clusters, including monotonic
and non-monotonic trends in rainfall; as observed in Ref. [17].
Moreover, Cui et al. [16] study on the Yangtze River Basin in
Western China reveals the ITA’s competency in distinctly iden-
tifying, low, medium and high trends in the river flow. An out-
come unavailable in the MK test; nevertheless, the ITA is not
without certain limitations. For instance, Caloiero [22] high-
lighted that the ITA method does not facilitate an identification
of differences between each point and the 1:1 line. Such con-
straints can skew the accuracy in interpreting the magnitude of
change in rainfall trends. Furthermore, in certain situations the
ITA method has displayed an over-sensitivity to certain choice
of parameters, namely, the significance level and number of
bootstrap replications. Aside rainfall assessments, temperature
trends analysis requires the utilisation of the MK test, SSE and
the ITA method according to Refs. [18, 20, 26, 28]; these four
studies have shown a similar outcome of significant increasing
trends in temperature, specifically in the hot and dry seasons.
The interpretation of such findings imply a significant influence
of climate”chan’e on agricultural productivity and water avail-
ability in the assessed regions.

Crucial to study’s analysis and decision-making, is the re-
liability of the data used in the study. The quality of such data
is dependent on the source and time period of the study. Ev-
idence from most reviewed studies shows a collection of data
spanning several decades, 30 to 118 years [15–29]. However,
a closer inspection of the datasets as explained in each indi-
vidual study’s methodology reveals a considerable variation in
its number of locations/stations. For instance, Danandeh et al.
[26] employed data from a single station while Marak et al.
[23] utilised data from about 6,955 stations. This distortion in
spatial coverage may affect the generalisability of the findings
for a larger region in which the assessed results are sourced
from sub-regions. Moreover, the choice of the most suitable
statistical method of analysis is a choice that requires careful
consideration, due to the intended outcome. Seceral studies,
including Refs. [19–23, 25, 29] combine methods, in order to
facilitate a comparison of results. Mallick et al. [19] study of
the Asir region in Saudi Arabia revealed that the ITA method
identified significant decreasing trends in annual rainfall at 25
stations. Whereas, the MK test was only able to detect trends
at 20 stations. Thus, emphasising the importance of multiple
methods in informing a comprehensive understanding of trends
in both temperature and rainfall.

To conclude this review, the choice of analysis method
holds significant import over the accuracy of results. An
accuracy-basis examination of previous studies reveals the ITA
method as the most suitable, primarily due to its detection
of both monotonic and non-monotonic rends, as well as low,
medium and high clusters. Regardless, the underlying research
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Table 1. Literature review of studies across the world that applied the ITA method alongside other methods. The presented studies employed numerous methods in
temperature, precipitation, rainfall and flow trends analysis across diverse study areas and timeframes.

Author Technique Used Study
Area

Data Set (Provision
& Timeframe)

Observation

[15] Rainfall variability analysis:
coefficient of variation (COV),
precipitation concentration index
(PCI), standardised anomaly
index (SAI)
Spatio-temporal trends: Mann-
Kendall test (MK), Sen’s slope
estimators (SSE)
Rainfall clusters: Innovative
Trend Analysis (ITA)

Upper
Wabe
Shebelle
River
Basin;
South
Eastern
Ethiopia

Rainfall data for
obtained from 19
stations; spanning
1989-2018 (30
years)

ITA is better than MK, due to its detec-
tion of low, medium and high clusters,
monotonic and non-monotonic trends in
rainfall; wherein the MK is limited.

[16] Annual and Seasonal River flow:
Linear regression (LR) analysis,
MK test, Sen’s method, ITA

Yangtze
River;
Western
China

Data was obtained
from 214 meteo-
rological stations;
spanning 1960 to
2015 (56 years)

The ITA covers assumptions such as
test number, serial relationship and non-
normality; which cannot be done by Sen
and MK’s methods.
Also, permits the distinct identification
of high, medium and low tends in the
flow.

[17] Monthly features of the Precipita-
tion: MK test
Inherent details on monthly pre-
cipitation and temporal trends:
ITA method

Lake Issy-
Kul basin;
Kyrgyzs-
tan

Monthly precipi-
tation data from 3
stations surround-
ing the Lake Issy-
Kul (Balykchy,
Cholpon-Ata and
Kyzyl-Suu); span-
ning 1951-2012 (62
years)

The MK test recorded a 19.4% signif-
icance trend, while the ITA recorded a
36.1% significant trend, more positive
than the MK test.
The ITA results are more detailed than
the MK’s in its identification of hidden
variations of precipitation trends and the
graphical depiction of extreme events
trend possibilities.

[18] Annual and Seasonal variations in
air temperature and precipitation:
MK test, ITA and Sen’s slope esti-
mator

Kashmir
Valley;
North-
West
Himalayas

Data was obtained
from 6 ground-
based stations;
spanning 1980-
2019 (40 years)

Investigations into minimum and max-
imum air temperature (Tmin and Tmax)
and precipitation over Kashmir Valley
shows increased Tmin and Tmax trends.
Furthermore, decreased precipitation
trends makes the region prone to drier
climatic weather.

[19] Historical Rainfall trend analysis:
MK test, trend free pre-whitening
Mann-Kendall (TFPW MK) test,
and ITA
Serial Correlation detection:
Modified Mann-Kendall (MMK)
test
Future rainfall trend and long-
term temporal relation between
future and past annual rainfall
trends: Detrended Fluctuation
Analysis (DFA)

Asir re-
gion;
Saudi
Arabia

Monthly and An-
nual rainfall data
was obtained from
30 meteorological
stations; spanning
1970-2017 (47
years)

The ITA detected 25 stations, MMK de-
tected 23 stations, TFPW MK detected
21 stations, and the MK detected 20
stations revealing significant decreasing
trends in the region’s annual rainfall.
The ITA detected significant negative
trends in some stations which could not
be detected at all by other methods
Regarding the DFA, most stations
showed a decline in future rainfall

[26] Monthly, seasonal and annual
trends in temperature and precipi-
tation: MK test, Sen’s slope meth-
ods.
Seasonal and annual trend: ITA
Annual trend: successive average
methodology (SAM)

Osijek,
Croatia

Data was collected
from 1 station;
the Osijek meteo-
rological station;
spanning 1900-
2018 (118 years)

Revealed significant increasing trends
of air temperature in the hot and dry sea-
sons.
Temperature and precipitation trends
highlight potential risk to agricultural
production
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[27] Partial trends in Rainfall: ITA North-
Eastern
Algeria

Data was obtained
from 16 meteo-
rological stations;
spanning 1982-
2019 (38 years)

The climate change impact is seen the
region’s increased precipitation and re-
curring extreme rainfall episodes

[28] Air Temperature and Precipita-
tion: ITA

Jinsha
River
Basin;
China

Data was obtained
for 40 meteorolog-
ical stations; span-
ning 1961-2016 (57
years)

Significant increasing trends were ob-
served for annual and seasonal temper-
atures at a 99% confidence level
Annual precipitation showed an increas-
ing trend in the Jinsha River Basin

[20] Annual temperature and precipita-
tion time series reliability: ITA,
MK test and Sen’s slope test esti-
mator

Upper
Huai
River
Basin;
China

Data was obtained
from 6 meteorolog-
ical stations; span-
ning 1960-2016 (57
years)

Weak correlative relationship between
temperature and precipitation (r = -
0.17)
Results imply a significant change in
temperature and rainfall; a result of cli-
mate change in the region

[21] Annual and seasonal rainfall
analysis: ITA, MK test and Sen’s
slope estimator
Normal distribution test of rainfall
time series: Shapiro-Wilk tests

Sri Lanka Data obtained from
37 meteorological
stations; spanning
1987-2017 (31
years)

MK results showed an increasing trend
for 65% of the stations and a decreasing
trend for the remaining 35%.
Whereas, ITA showed increasing trend
for 67% and a decreasing trend for 33%
Both MK and ITA showed rainfall in-
creased during the First Inter-Monsoon
and decreased during the South-West
Monsoon

[30] Monthly precipitation analysis:
Innovative Polygon Trend Analy-
sis (IPTA) method

Susurluk
Basin;
Turkey

Data was obtained
from 10 meteo-
rological stations;
spanning 2006-
2017 (12 years)

Precipitation varies by years as there is
no regular polygon display in the IPTA
graphics, which were created for each
station.

[22] Seasonal and Annual Rainfall
trend analysis: MK test, ITA and
Sen’s method

South Is-
land; New
Zealand

Data obtained from
152 rain gauges;
spanning 1951-
2010 (59 years)

When statistically significant, ITA limi-
tation does not permit determination of
difference between each point and the
1:1 line
The South-West area of the Island is
forecasted to be wetter and the North-
East area of the island to be drier

[23] Spatial and Temporal Rainfall
Variations: MK test, ITA

Umiam
and Umtru
water-
sheds in
Meghalay;
India

Data provided by
the Indian Meteoro-
logical Department;
obtained daily
rainfall data from
6955 rain gauge
stations; spanning
1901-2018 (117
years)

Low and medium rainfall decreased
from 1901 to 2018
The MK test detected significant trends
in 60% of the grids, whereas the ITA de-
tected 90% of the grids as having signif-
icant trends
In the two watershed, Annual, win-
ter, pre-monsoon and monsoon rainfall
is decreasing, whereas post-monsoon
rainfall is increasing

[29] Spatial Patterns of Rainfall
regimes: Precipitation Concentra-
tion Index (PCI) and Seasonality
Index (SI)
Trend analysis: ITA and percent
bias (PBIAS )
Reliability: MK tests, Modified
Mann-Kendall (MMK) test

Bangladesh Data was obtained
from 23 meteo-
rological stations;
spanning 1966 to
2019 (53 years)

The study shows a significant change in
the climate within the examined time-
frame, with drastic precipitation levels.
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[24] Precipitation trend analysis: ITA Cheliff
Water-
shed,
Northern
Algeria

Data was obtained
from 28 meteorol-
ogy stations; span-
ning 1959-2019 (60
years)

90% of stations have a medium slightly
downward trend condition and 3% of
the stations have a strong downward
trend.
No upward trend was observed

[25] Rainfall Trend Analysis Compari-
son: MK, ITA and IPTA

Vu Gia-
Thu Bon
River
Basin;
Vietnam

Data was obtained
from 15 selected
rainfall monitoring
stations; spanning
1979-2016 (38
years)

Significant increasing trend in March
IPTA detected 88% significant trends in
all months
MK detected 26% and ITA with signifi-
cance test detected 93%
An observed regular natural equilibrium
due to the polygon nesting around the
global regression line

Figure 1. Study area (Nigeria) showing the six locations.
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significance for such studies demands an action to necessary
adaptive strategies suitable in mitigating against risks posed by
climate change. Hence, a crucial objective remains informing
the decision-making and policy development aimed at improv-
ing agricultural productivity and water availability. Lastly, in-
tegrating study results with other relevant climate related in-
formarion offers the opportunity of developing climate change
region-focused strategies.

1.3. Justification of methodology / Research questions
This study utilises statistical techniques and precpitation

data across six major locations along the River Niger and the
River Benue in analysing the trend of changing precipitations
in key Nigerian locations. This study builds on the findings of
earlier studies [9, 31], that demonstrated the effects of climate
change on regional precipitation patterns, by adopting the in-
novative trend analysis (ITA) technique proposed in Ref. [32],
and the non-parametric Mann-Kendall (MK) trend test for re-
sult comparison and in-depth evaluation. Table 1 provides a
detailed literature review on the application of Sen’s ITA test,
drawing inferences from over 15 studies to highlight the advan-
tages of using the ITA test alongside other conventional time-
series analysis techniques. The rationale is adopting a fresh
look in examining how the region’s precipitation patterns has
changed over time, identifying the influencing variables that
are responsible for these trends, the trend patterns across data
ranges (low, medium and high values), and discussing the im-
pact these changes have on water resources and agriculture.
Thus, the following research questions will be answered.

1. How have the annual and seasonal precipitation levels
changed in the study locations over the past 40 years, are
there any significant trends or patterns in the data? and
what are the implications for water resources and agricul-
ture?

2. How can the observed precipitation trends be related to
river flow/water levels?

3. How does the innovative trend analysis (ITA) used in this
study compare to traditional methods of trend analysis
when applied to 40 years of seasonal and annual precipi-
tation data?

The importance of these research questions is that they en-
able the study to bridge key gaps in understanding how climate
change affects rainfall patterns in Nigeria’s riverine zones. It
intends to determine fluctuations in seasonal and yearly pre-
cipitation levels throughout critical areas along the Niger and
Benue rivers by examining long-term precipitation trends using
both innovative and traditional methodologies. These insights
are critical for anticipating the effects on water resources, agri-
culture, and hydrological systems. Another objective of the
study is to provide actionable data for policymakers and re-
source managers in the face of climatic variability by improving
the accuracy of trend detection using ITA and comparing it to
the Mann-Kendall test. The study’s premise is that, as a result of
climate change, precipitation patterns along the Niger and Be-
nue Rivers are changing, with important ramifications for wa-
ter resource management and agriculture; this has necessitated

the utilization of a more conventional analysis method in under-
standing key precipitation inducing variables The study will add
to the expanding body of knowledge about how climate change
affects precipitation patterns and offer policymakers, managers
of water resources, and farmers insightful information.

2. Study area and data

Nigeria, a Sub-Saharan country, located between lattitudes
4 degrees and 14 degrees and longitude 3 degrees and 14 de-
grees [33]. The climate becomes progressively drier as we
approach the north from the coastal regions of the south [9].
Nigeria features diverse vegetation/climatic zones by the At-
lantic Ocean to the south and the Sahara desert to the north
[34, 35]. Numerous zones exhibit distinctive traits, and the
climatic cover relies significantly on a location’s proximity to
the Sahara Desert, the Rivers Niger and Benue, or the Atlantic
Ocean [36]. Moreover, altitude has a noticeable impact on veg-
etation, and Nigeria is not an exception [37]; however, mete-
orological variables are always affected by the afrementioned
factors [38]. That is why this study is focused on six distinct lo-
cations from different regions , in close proximity to any or both
of the Rivers Niger and Benue. Figure 1 shows the exact loca-
tions of these stations, their obviuos proximity to the rivers and
also the confluence of these rivers. Table 2 shows the six loca-
tions, their exact cordinates, and a description of their climatic
characteristics and effects it has on anthropogenic activities in
general.

Forty years total monthly precipitation data from 1981 to
2020 were obtained from the NASA POWER DATA repository
(https://power.larc.nasa.gov/data-access-viewer/) for all loca-
tions in each of Nigeria’s vegetation zones as indicated in Fig-
ure 1.

3. Methodology

3.1. The Mann-Kendall (MK) trend test

The MK test is a non-parametric test used in analysing time-
series data. In this test, the data must not fit into a particular dis-
tribution [48]. When a set of data fits into a linear relationship,
this test is applied. When studying climatological, meteoro-
logical, and hydrological time series, the test is typically used
[52–54]. The test statistic (S) of this test is calculated using the
following equations:

S =
n−1∑
k=1

n∑
j=k=1

sgn(x j − xk), (1)

where;

sgn
(
x j − xk

)
=


+1; i f

(
x j − xk

)
> 0

0; i f
(
x j − xk

)
= 0

−1; i f
(
x j − xk

)
< 0

 . (2)

where ‘n’ is the number of data values. A positive S value
denotes an upward trend, while a negative S value denotes a
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Table 2. Showing all stations in Nigeria, the cordinate, as well as their various characteristics.
Location
(Exact Co-
ordinates)

Elevation Characteristics Source(s)

Kainji
dam
Lat: 9.873
Long:
4.6229

65m Approximately 300 km from Minna, Niger State, 250 km from Ilorin, Kwara State,
and 500 km from Abuja, Nigeria. The Kainji dam contains a reservoir estimated
at 136 km long, while the main dam is approximately 550 m long and 64 m tall.
Contains live and dead reservoir storages of 12,109m3 of water and 3,109m3 of wa-
ter,respectively. The reservoir’s maximum and lowest operational levels are 141.73m
and 129.0m, respectively

[39].

Lokoja
Lat:
7.7848
Long:
6.7539

45m Known as the ”confluence town”, because it is the meeting point of the Rivers Niger
and Benue. The town has a steep slope, with the ground elevation varying from 35
to 428 meters above mean sea level. The region has relative humidity of about 60%,
and annual rainfall ranges between 1,100 mm and 1,300 mm. Heavy rainfall may
cause the river and its tributaries to overflow their banks, inundating the town. Flood
occurrences in 2012 and 2018 were recognized as the most destructive floods in the
research region.

[40,
41].

Makurdi
Lat: 7.734
Long:
8.6463

95m Situated on the banks of the Benue River. Two air masses impact the weather con-
ditions in this location: the warm, moist south westerly air mass and the warm-dry
north-easterly air mass. The south-westerly air mass is a rain-bearing wind that pro-
vides rain from May through October. From November to April, a dry north-easterly
air mass flows across the area, causing seasonal dryness. The average annual rainfall
in Makurdi is around 1,290 mm. However, temperatures in the region are normally
high throughout the year, with February and March being the warmest months. The
lowest and maximum temperatures vary from 17 to 25 0C and 30 to 38 0C, respec-
tively; with a monthly rainfall of around 200 mm.

[42, 43]

Onitsha
Lat:
6.1339
Long:
6.7635

65m The region is known to be seated on Eocene Nanka Formation clastic sediments and
alluvium deposits. It is located within the rain forest area and serves as the final gaug-
ing station along the Niger River basin, before it empties into the Atlantic Ocean. It
has a typical Nigerian tropical climate, affected by three major wind currents: the
tropical maritime (MT) air mass, the tropical continental (CT) air mass, and the equa-
torial easterlies. The annual rainfall averaged 1200 mm, with a high temperature of
34.7 oC and a relative humidity of 65%. As the commercial headquarters of the coun-
try’s eastern region, the city’s natural landscape and hydrological processes have been
drastically affected by human activities such as urbanization, river dredging, and road
building.

[44–46]

Yenagoa
Lat:
4.8859
Long:
6.2504

10m The area is primarily rural and suburban, encompassing a variety of settlements. It
has a tropical climate, with rain falling virtually every month of the year. The av-
erage monthly temperature ranges from 25 to 31oC. Located in the transition zone
of the Coastal sedimentary lowlands hydrogeologic province, the wetlands are vege-
tated tidal flats produced by a reticulate network of interconnecting meandering Niger
River streams and tributaries. A rich series of sedimentary strata underpins the re-
gion, as a result, the region has been taken for granted as a reliable supply of copious
groundwater. Because of this mindset, the conventional approach to water delivery is
indiscriminate borehole drilling without prior geological, hydrogeological, and envi-
ronmental concerns.

[47–49]

Yola
Lat:
9.2279
Long:
12.5231

599m With an average annual rainfall of 850-1000 mm, and more than 41% of this rain
falling in August and September, the region is not known for high precipitation. Tem-
perature also varies significantly over time in Yola, with an average maximum tem-
perature of 42oC and a relative humidity of roughly 29%.

[50]

downward trend. Higher positive values in S on the other hand,
indicates an upward trend, while lower negative values indicate
a declining trend. Usually, if the number of data values (n) is

greater than 10, the normal approximation (Z statistic) is always
utilized. It’s also worth noting that when there are tied/equal
values, the Z statistic’s accuracy reduces if the data values are

7
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Figure 2. Mann-Kendall Trend Test Methodology.

close to 10. The variance of S ‘VAR(S)’ is used to calculate the
value of the Z statistic [51].

VAR(S ) =
1

18

n (n − 1) (2n + 5) −
g∑

p=1

tp

(
tp − 1

) (
2tp + 5

) .(3)

We can now obtain the test statistic Z, using the values of
VAR(S) and S;

Z =


S−1

√
VAR(S )

; S > 0
0; S = 0

S+1
√

VAR(S )
; S < 0

(4)

Figure 2 shows a flowchart MK trend test methodology in brief.
To interpret results; when the Z value is negative, a decreasing
trend is recognized, and when the Z value is positive, a rising
trend is discerned. If and when the data’s p-value is less than the
significance level (in this case, 5% = 0.05), both interpretations
can be considered to have a significant trend and the null hy-
pothecs (Ho) is rejected. If the p-value is greater than the level
of significance, the trend is not significant and Ho is accepted
[55, 56].

3.2. Şen, (2012)ITA test
This method which was proposed by Şen [32, 57] was first

applied to hydro-meteorological tine series data and has since
been used in various trend tests of various parameters, as ob-
served from the literature review in Table 1. The technique is
based on:

1. Dividing a series of data into two equal halves: first and
second half. With each sub-series being sorted indepen-
dently in ascending or descending order. The first sub-
series (xi) is positioned on the X-axis, while the second
sub-series (yi) is located on the Y-axis

2. Plotting them as a scatter plot against each other which
will result in a scatter of data points along the 1:1 (45◦)
line on the Cartesian coordinate system, as seen in the
Figure 3. From Figure 3, based on the Cartesian coordi-
nate system.

3. When there is no trend in the series, the data points fall
on the 1:1 line [32].

4. A monotonically increasing trend is observed when all
the data points from the plot are above the 1:1 line; the
same way, a monotonically decreasing trend is observed
when all the data points are below the 1:1 line. In unique
cases, some data points can fall below, above and on the
1:1 line; this will be separated into the low, medium, and
high values as shown in Figure 2.

To buttress on the trend’s significance, Sen proposed a statisti-
cal appraoch encompassing the calculation of important param-
eters as follows:

S =
2 (x2 − x1)

N
(5)

ρx1 x2 =
E (x1x2) − E (x2) E (x1)

σx2σx1

(6)

σs =
2
√

2

N
√

N
σ
√

1 − ρx1 x2 (7)

In equation (5) s stands for the slope of trend; x1 and x2 for
the mean of the first half and second half of the time series, re-
spectively; and N is the number of data. In equation (6), the
stochastic process for the calculation of the correlation coeffi-
cient, ρx1 x2 , is indicated and in this regard, σx1 and σx2 denotes
the standard deviation of the first half and second half of the
time series, respectively. In Equation (7), σs is the standard
deviation of the slope, and σ is the standard deviation of the
whole time series x. For further details regarding the ITA test,
Şen [59] should be consulted.

3.3. Strength’s and weaknesses of the MK trend test and Şen,
(2012) ITA Test

The Mann-Kendall (MK) trend test is known for its ability
to discover monotonic trends in time series data, such as pre-
cipitation patterns across decades in Nigeria’s riverine zones.
Its non-parametric nature enables it to effectively handle data
with non-normal distributions and outliers, making it appropri-
ate for climate investigations in which data normality assump-
tions may not apply. By measuring the presence and importance
of trends without assuming specific distributions, MK provides
a reliable way for determining whether precipitation amounts
are regularly increasing, decreasing, or remaining stable over
time. However, MK test has limitations in that it does not quan-
tify the amount or direction of trends, nor does it distinguish be-
tween trends over different precipitation value ranges. This may
limit its usefulness in understanding how variations in precipi-
tation influence distinct parts of the population or ecosystems,
limiting nuanced insights into localized effects.

Sen’s Innovative Trend Analysis (ITA) test complements
MK by increasing sensitivity to trends over a wide variety of
precipitation data. ITA divides trends into low, medium, and
high-value segments, allowing for a more detailed examina-
tion of how different aspects of the precipitation distribution
are changing over time. This level of granularity enables re-
searchers to spot subtle trends that older methods may miss,
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Figure 3. Illustration of the innovative trend method showing low, medium and high values [58].

as well as gain a better knowledge of how climate change af-
fects specific sectors such as agriculture or water resources. The
quality and completeness of the data, as well as the subjective
setting of threshold values, can all have an impact on ITA’s ef-
fectiveness. Furthermore, ITA may necessitate thorough pre-
processing to determine relevant data ranges, which might in-
ject uncertainty into trend detection and analysis.

3.4. Data analysis process

Data was analyzed and results visualized using the Python
programming language and the methodology described in Sec-
tion 3 Box plots were used to show data distribution, the MK
and Sen’s ITA test was used to detect for trends in the data, ta-
bles were presented to easily show results. The code for the
analysis have been provided through a link at the end of this
study.

With respect to the MK-test, the data in this investigation
were not subjected to any pre-whitening or homogeneity test
processes. In order to preserve the authenticity of the time se-
ries in the trend algorithms, only original recorded data were
taken into account. Because precipitation measurements are
frequently strongly autocorrelated, pre-whitening may not be
appropriate when applied to precipitation data [60]. As a re-

sult, the values in the time series rely on earlier values, and the
data’s autocorrelation structure can include crucial information
regarding the underlying mechanisms that cause the precipita-
tion patterns [61].

The ITA trend test has been applied to precipitation data for
the six study locations and presented in scatter graphics (Fig-
ures 6 - 17). The meteorological stations in Nigeria are shown
in Figure 1. As earlier buttressed, these locations were chosen
due to their close proximity to the two major rivers; River Niger
and River Benue. Total precipitation time series was assessed
for the monthly and annual timescale, and trend analysis was
carried out using the ITA method for 40 years 1981 - 2020. The
ITA approach’s findings were compared to those of the mono-
tonic Mann-Kendall test conducted on the original series.

Before conducting the MK and Şen’s ITA trend tests, the
data from the stations were visually analyzed, using the Box-
Whisker plot. Also, known as boxplot, it is frequently used to
illustrate the pattern of distribution (right or left skewness) of
data values in a variety of problems [62]. It is based on the val-
ues for the minimum, maximum, median, quartiles (25th and
75th percentiles), extreme values, and outliers. The boxplots
demonstrate how the data deviates from a normal distribution
not only in terms of skewness, but also in terms of the number

9
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of outliers and the extreme values [63]. This justifies the selec-
tion of non-parametric tests for trend analysis because they are
resistant to outliers, seasonality, and non-normal data.

4. Results

4.1. Data distribution of total monthly precipitation over se-
lected locations in Nigeria

Therefore, box plots for all study locations, for all months
and seasons are displayed in Figure 4 and Figure 5 respectively.
This serves the purpose of summarizing the data distribution of
precipitation data over the study period presented in Table 3.
The plots identified seasonal patterns and outliers in the data.
Each subplot in Figure 5 shows how each of the six study lo-
cations have their distinct, but almost related distribution. The
monthly pattern can be clearly seen from Figure 4, and this jus-
tifies the decision in choosing the dry season to fall between
November and March, and the wet season to fall between April
and October (in Figure 5). Careful observation of Figure 4 and
Table 3 will show that the wet months have a higher range of
data values when compared to the dry season. Furthermore, the
locations that are around Northern Nigeria have maximum pre-
cipitation values that are almost comparable to the minimum
precipitation values in some locations in Southern Nigeria.

4.2. The Mann-Kendall (MK) trend test for analyzing seasonal
and annual total precipitation over selected location in
Nigeria

The results for the MK test for the precipitation data be-
tween 1981 and 2020 are shown in Table 4. It can be observed
that the annual trend of four locations, namely, Kainji, Yola,
Lokoja and Makurdi; detected trends as p-values that are lower
than the significance level (α) = 0.05. The same is applicable
to the wet season variations. For the dry season variations, the
MK test did not detect any significant trend. The MK test only
detected a positive/increasing trend for the annual and wet sea-
son trends in Kainji after the Z values were positive (2.16 and
2.38 respectively).

4.3. Sen’s ITA trend test for analyzing seasonal and annual to-
tal precipitation over selected location in Nigeria.

Figures 6 – 11 show the ITA results for all 6 stations during
the dry and wet seasons. Also, Table 5 shows the interpretation
of these results using the scatter points that are divided into low,
medium and high values. The slope of these plots, correlation
and deviation in slope has been indicated in the table after being
calculated using equations (5), (6), and (7) respectively. From
the slope, we have been able to identify the overall trend type
(increasing or decreasing), which will be compared to the MK
test. For the seasonal (wet and dry season) ITA results, only
Kainji (Figure 6) had increasing overall trends, and this was
specifically observed in the wet season and especially in the
higher precipitation values. High values across all seasons for
other locations had decreasing trends; these shows that the max-
imum values for precipitation across 5 locations are decreasing
(Figures 7 – 11). The same was observed for medium values for

all locations apart from Kainji (Figure 6). Only Makurdi and
Onitsha (Figure 9 and Figure 10) had increasing trends for their
low values. Figures 12 – 17 show the ITA scatter graphics for
the annual precipitation data. The plots show that only Kainji
(Figure 12) has an increasing total annual precipitation trend,
especially across its high values (1000mm and above), which
may be attributed to the presence of the dam and increased
evaporation from high temperature as evidenced in Ogunjo et
al. [64]. This is not the case for the other 5 locations as ma-
jority of their precipitation data points are in the lower triangle
showing reducing annual precipitation.

4.4. Comparison of MK test and ITA test for seasonal and an-
nual precipitation over selected locations in Nigeria

A summary and comparison of the MK test and ITA tech-
nique results are provided in Table 5. The ”high” values and
”low” values of each station were independently assessed us-
ing the ITA method, as indicated in Table 5. This table shows
that, despite the Mann-Kendall test showing no trend in most
locations on a seasonal and annual basis, both upward and
downward trends may be seen using the ITA approach for low,
medium and high precipitation values. For locations where the
MK indicated no trends, the ITA test indicated diverse trends
across all precipitation data ranges. This shows that the results
of the Sen’s ITA trend test show greater sensitivity in identify-
ing trends across different precipitation data ranges compared to
the Mann-Kendall (MK) test. While the MK test detected sig-
nificant trends only in four locations for annual and wet season
variations, the ITA test revealed additional trends, particularly
in high and low precipitation values. This comparison demon-
strates the ITA test’s effectiveness in capturing nuanced trends
that the MK test may overlook, providing a more comprehen-
sive analysis of seasonal and annual rainfall trends in Nigeria.

5. Discussion

Research and evaluation are crucial since evidence shows
that Nigeria’s water resources are being impacted by climate
change [9, 65, 66]. Since precipitation is the main source of
both surface water and groundwater, changes in rainfall have a
direct impact on the available amount of water resources [67].
Therefore, it is crucial to understand the characteristics and fac-
tors governing changes in precipitation in order to better uti-
lize water resources. However, such assessments are rarely
taken into account when attempting to understand precipitation
changes. Thus, for improved water resource planning and man-
agement, in-depth knowledge of the fluctuations in precipita-
tion over key locations near Nigeria’s major rivers is required.
However, the majority of earlier studies in Nigeria focused on
the variability of annual precipitation trends, which did not take
into account seasonal-scale aspects of precipitation. Earlier
studies show that, the ITA method has not been applied in the
region of study for the characteristics of the trends of precipi-
tation data over time, and this section will seek to give answers
to the earlier outlined objectives.
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Table 3. Data description of all study locations.
LOCATION Mean Std min 25% 50% 75% max
Kainji Annual 994.30 217.45 653.91 859.57 965.04 1054.69 1837.59

Dry Season 5.82 13.14 0.00 1.05 3.16 5.27 83.45
Wet Season 137.89 25.75 92.66 120.54 134.10 148.41 202.91

Yola Annual 945.34 201.59 675.00 806.84 933.40 1033.59 1719.14
Dry Season 2.30 4.04 0.00 0.00 0.00 3.16 16.87
Wet Season 133.41 27.65 96.43 114.51 129.58 146.90 233.54

Lokoja Annual 1203.42 344.00 247.85 1038.87 1191.80 1402.73 2000.55
Dry Season 11.14 17.44 0.00 3.16 7.38 11.60 106.62
Wet Season 163.96 44.05 35.40 141.63 164.23 193.61 241.07

Makurdi Annual 1332.70 321.25 769.92 1133.79 1291.99 1492.38 2262.30
Dry Season 14.36 14.10 0.00 8.44 11.60 16.87 89.94
Wet Season 180.13 44.95 103.21 152.35 176.28 203.40 311.13

Onitsha Annual 1873.07 568.36 885.94 1492.38 1840.43 2257.03 3174.61
Dry Season 35.87 21.24 0.00 18.99 35.86 51.68 87.54
Wet Season 241.96 74.31 119.03 193.61 232.79 292.30 424.89

Yenagoa Annual 2685.61 921.84 1186.52 2040.82 2499.61 3243.16 5605.66
Dry Season 72.08 39.53 0.00 44.30 66.45 88.59 177.08
Wet Season 332.18 118.89 147.66 247.85 303.60 394.00 702.87

Table 4. MK results for all study locations.
LOCATION Calculated

Z-Value
MK test
statistic
(S)

P-Value Slope Test Interpre-
tation

Kainji Annual 2.16 193 0.031 5.27 YES (+)
Dry Season 0.41 37 0.683 0.00 NO
Wet Season 2.38 213 0.018 -0.85 YES (+)

Yola Annual -2.21 -198 0.027 -5.67 YES (-)
Dry Season -1.06 -88 0.291 0.00 NO
Wet Season -2.37 -212 0.018 -0.85 YES (-)

Lokoja Annual -2.51 -224 0.012 -10.95 YES (-)
Dry Season -1.55 -139 0.120 -0.13 NO
Wet Season -2.46 -220 0.014 -1.29 YES (-)

Makurdi Annual -3.14 -280 0.002 -12.76 YES (-)
Dry Season -0.42 -38 0.677 -0.07 NO
Wet Season -3.52 -314 0.000 -1.93 YES (-)

Onitsha Annual -1.26 -113 0.208 -10.16 NO
Dry Season 0.35 32 0.727 0.08 NO
Wet Season -1.40 -126 0.160 -1.59 NO

Yenagoa Annual -1.06 -95 0.291 -12.94 NO
Dry Season -0.02 -3 0.982 -0.00014 NO
Wet Season -1.61 -144 0.108 -2.43 NO

5.1. Annual and seasonal trends in precipitation
The popular MK trend test was applied to show the mono-

tonic trends of the six study locations for all seasons, on an
annual basis, and it depicted increasing precipitation trends
for Kainji. Yola, Lokoja and Makurdi; furthermore, reducing
trends while Onitsha and Yenagoa did not show trends. For the
ITA test, in the overall results Kainji showed an increasing an-
nual precipitation trend. This pattern was also observed for the
seasonal trends as all other locations apart from Kainji did not
have positive (increasing) trend results for the MK test. How-
ever, slight variations were observed for the low, medium and

high values. These seasonal and annual changes may have some
physical implications on the availability of water resources,
agriculture, vegetation patters and ecosystem dynamics as well
as infrastructure. A location like Kainji with increasing pre-
cipitation in spite of having lower maximum values of precipi-
tation when compared to other locations could have a positive
impact on the availability of water in that location. The ob-
served increasing trend could be attributed to localized climatic
conditions or microclimates around the Kainji dam area, which
could promote more regular precipitation. Features such as the
presence of the dam itself, surrounding vegetation, and water
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Table 5. Results for ITA test, in comparison with MK test.
LOCATION Low Medium High Slope

(s)
Correlation Deviation

in slope
MK Results

Kainji Annual NO NO YES (+) 9.55 0.95 1.22 YES (+)
Dry Season YES (-) NO NO -0.07 0.86 0.05 NO
Wet Season YES (-) NO YES (+) 1.41 0.96 0.14 YES (+)

Yola Annual YES (-) YES (-) YES (-) -18.93 0.92 1.79 YES (-)
Dry Season NO YES (-) YES (-) -0.18 0.88 0.04 NO
Wet Season YES (-) YES (-) YES (-) -2.57 0.94 0.21 YES (-)

Lokoja Annual NO YES (-) YES (-) -34.94 0.85 3.88 YES (-)
Dry Season YES (-) YES (-) YES (-) -0.65 0.91 0.08 NO
Wet Season NO YES (-) YES (-) -4.52 0.86 0.51 YES (-)

Makurdi Annual YES (-) YES (-) YES (-) -33.06 0.98 1.53 YES (-)
Dry Season YES (+) NO YES (-) -0.18 0.96 0.05 NO
Wet Season YES (-) YES (-) YES (-) -4.59 0.97 0.24 YES (-)

Onitsha Annual YES (-) YES (-) YES (-) -46.17 0.98 2.62 NO
Dry Season YES (+) YES (-) -0.81 0.97 0.12 NO
Wet Season YES (-) YES (-) YES (-) -6.02 0.96 0.47 NO

Yenagoa Annual YES (-) YES (-) YES (-) -75.38 0.94 7.22 NO
Dry Season NO YES (-) YES (-) -1.28 0.97 0.21 NO
Wet Season YES (-) YES (-) YES (-) -9.86 0.94 0.95 NO

bodies can influence local weather patterns, contributing to sus-
tained precipitation which could result in a more constant and
reliable water supply. This consistent influx of water can help
the Kainji dam maintain acceptable reservoir levels, increasing
its capability for hydroelectric power generation, irrigation, and
other water-dependent operations. As a result, it promotes sus-
tainable water resource management, reduces the danger of wa-
ter scarcity, and increases agricultural output in the surrounding
areas. According to Stromberg et al. [71], the increasing water
availability can lead to a slow and gradual change in vegetation
cover or changes in plant species composition. It’s important
to bear in mind that not all physical effects of variations in pre-
cipitation depend on how much precipitation falls in each lo-
cation’s absolute terms. Changes in precipitation can have an
impact on the ecology and society in the area, depending on
the local geography, soil types, and other factors [72]. Despite
the observed decreasing trends in high precipitation values for
locations other than Kainji, drought may not occur due to sus-
tained precipitation in most months of the year. Additionally,
the decreasing trend in high precipitation values in these re-
gions might reduce the likelihood of flooding. If this continues,
the vegetation in the area will have to adjust to the frequency
of this change. By incorporating both the Mann-Kendall and
Sen’s ITA trend tests, the study has presented a detailed exam-
ination of how precipitation patterns change within the year,
and even annually. This technique improves our understand-
ing of seasonal dynamics, providing insights vital for water re-
source management and climate adaption strategies tailored to
Nigeria’s different climatic locale. These findings are particu-
larly important due to the fact that annual precipitation varia-
tions have little or no effects on decisions on sustainable water
management when compared with seasonal variations.

5.2. Potential impact of precipitation trends on water lev-
els/River flow

Both the MK test and ITA test show that Kainji (Table 5 and
Figure 12) has an increasing total annual precipitation trend,
especially across its high values (1000mm and above). Fur-
thermore, ITA results for the seasonal (wet and dry season) in
Figure 6 supports this. It should be noted that river Niger flows
through the Kainji dam area. It is clear as to why this loca-
tion was chosen to build the largest dam in Nigeria, generating
over 582 MW of electricity, with a current installed capacity of
about 760MW [73]. From this discovery and supporting evi-
dences [74, 75], precipitation levels could have an effect on the
water levels in the area and consequently river flow. Accord-
ing to Tarpanelli et al. [76], the Rivers Niger and Benue pose
the risk of floods due to river discharge in rainy seasons. Evi-
dently river flow and water levels can be significantly impacted
by rising and falling precipitation amounts. But the connection
between precipitation and river flow is intricate and subject to a
variety of influences, including regional topography, soil com-
position, and land use. For instance, more precipitation will run
off into rivers and may result in flash floods if there are many
impermeable surfaces in the watershed, such as paved roads and
buildings [77]. A quick increase in precipitation, on the other
hand, may not be absorbed into the soil if the soil is extremely
dry and compacted, which may also result in flash floods. The
reverse may be the case for the locations with reducing precip-
itation from our results. Albeit, evidences from Akinbobola et
al. [78] show that with locations around the Niger River basin
are increasingly kin risk of floods.

5.3. Comparison of ITA method with other traditional methods

From the results, we have been able to identify increasing
or decreasing trends using the ITA test for all locations and for
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Figure 4. Box plots showing the monthly data distribution across all years for all study locations.

specific data ranges (low, medium and high values); the MK
test however, only identified monotonic trends for only the an-
nual and wet seasons of four locations. No dry season pre-
cipitation trend eas identified by the MK test. The ITA test

which is applied to this study is crucial in the identification
of precipitation trends across various ranges of data. For lo-
cations where no trend is observed for the MK test, changes
are observed across precipitation data ranges (low, medium and
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Figure 5. Box plots showing the data distribution for dry season, wet season, and the annual trend across all years for all study locations.

high) when adopting the ITA test. ITA can assist researchers
and decision-makers in prioritizing their work and efficiently
allocating resources by ident ifying patterns in this manner. For
instance, trends with high values that are increasing or decreas-
ing may be given priority for additional study and possibly local
infrastructural development to adapt to these changes, whereas
trends that have low values may be given less attention or even
be completely abandoned. This is a helpful aspect of the ITA
technique and it will enable enables more effective and efficient
decision-making based on the expected impact and likelihood
of a given trend.

6. Recommendations

Based on the findings of this study, the following are the
recommendations for policy development and future research:

1. Based on the results of the study, it is necessary to un-
dertake further studies on the application of the innova-
tive trend analysis (ITA) technique to find precipitation
trends across different data sets in Nigeria. These studies
may compare ITA to other well-established trend analy-
sis techniques.

14



Surname1 et al. / J. Nig. Soc. Phys. Sci. 7 (2025) 1868 15

Figure 6. Results of innovative trend analysis (ITA) for precipitation
over for dry and wet season over Kainji from 1981-2020 .

Figure 7. Results of innovative trend analysis (ITA) for precipitation
over for dry and wet season over Yola from 1981-2020.

Figure 8. Results of innovative trend analysis (ITA) for precipitation
over for dry and wet season over Lokoja from 1981-2020.

Figure 9. Results of innovative trend analysis (ITA) for precipitation
over for dry and wet season over Makurdi from 1981-2020.

Figure 10. Results of innovative trend analysis (ITA) for precipitation
over for dry and wet season over Onitsha from 1981-2020.

Figure 11. Results of innovative trend analysis (ITA) for precipitation
over for dry and wet season over Yenagoa from 1981-2020.

Figure 12. Results of innovative trend analysis (ITA) for the annual
variations of precipitation over Kainji from 1981-2020.

2. To better understand the patterns of precipitation changes
and its consequences for water resources and agriculture,
there should be a greater emphasis on the application of
ITA to seasonal precipitation trends rather than just an-
nual trends. This will strengthen policies that will con-

15



Surname1 et al. / J. Nig. Soc. Phys. Sci. 7 (2025) 1868 16

Figure 13. Results of innovative trend analysis (ITA) for the annual
variations of precipitation over Yola from 1981-2020.

Figure 14. Results of innovative trend analysis (ITA) for the annual
variations of precipitation over Lokoja from 1981-2020.

centrate on strengthening the planning and management
of water resources, which could entail the creation of
more effective irrigation systems, the building of fresh
dams or reservoirs in locations with better river flow, and
the adoption of strategies to cut down on water wastage.

3. Based on the study which shows seasonal increase in pre-
cipitation for a location like Kainji which is predomi-
nantly dominated by the dry season, the correlation of
these results with other studies that seeks to directly mea-

Figure 15. Results of innovative trend analysis (ITA) for the annual
variations of precipitation over Makurdi from 1981-2020.

Figure 16. Results of innovative trend analysis (ITA) for the annual
variations of precipitation over Onitsha from 1981-2020.

sure and understand the dynamics of river flow is perti-
nent.

4. Based on the decreasing annual and seasonal precipita-
tions levels for the high values in most of the locations,
there should be a greater emphasis on climate change
adaptation and mitigation strategies. This could entail
creating climate-smart agriculture methods, preserving
and restoring ecosystems, and putting policies in place
to modify infrastructure to suit changing the weather pat-
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Figure 17. Results of innovative trend analysis (ITA) for the annual
variations of precipitation over Yenagoa from 1981-2020.

terns.

7. Conclusion

This study applied the ITA method to evaluate trends in the
annual and seasonal precipitation in six locations in close prox-
imity to River Niger and River Benue. The main conclusions
follow:

1. The MK test detected significant trends in four locations
for the annual and wet season variations but did not de-
tect any significant trend for the dry season variations
across all locations. Only Kainji has increasing signifi-
cant trends after the p-value of the data was lower that
the significant level (α = 0.05).

2. On the other hand, the ITA test identified an increasing
overall trend in Kainji for the wet season and annual pre-
cipitation trends; the same was discovered for the high
values of precipitation in this location too. For the other
five locations, the ITA test detected decreasing trends in
the maximum precipitation values across all seasons. For
the annual precipitation data, only Kainji had an increas-
ing trend, especially across its high values.

3. The comparison between the MK and ITA tests showed
that the ITA test was more sensitive to detecting trends in
the precipitation data than the MK test.

The findings will prove useful for water resource managers who
are attempting to forecast the probability of disasters like floods
and droughts in the study area. By statistically assessing trends
in the ”low,” ”medium,” and ”high” value categories of time
series, this study also makes a contribution to trend detection
techniques. The ITA method brings various improvements that

are recommended to be applied in the trend analysis. Further
recommendations were provided for policy development and
future research. Reduced precipitation patterns in some areas
may have an influence on water supplies, perhaps causing water
stress and reducing agricultural productivity, especially if this
reduction is in an area with a relatively low average precipita-
tion value. Conversely, locations with increasing rainfall, such
as Kainji, may suffer increased flood hazards, altering infras-
tructure and ecosystem dynamics; perhaps this explains why
the dam was built in that location. These findings highlight the
importance of adaptive water management methods, climate-
resilient agriculture practices, and ecosystem conservation ini-
tiatives to minimize the various effects of shifting rainfall pat-
terns throughout Nigeria’s diverse geographies.

Data availability

Data used for this study was obtained from the
NASA POWER repository at https://power.larc.nasa.gov/
data-access-viewer/.

Code availability

Codes for the analysis and visualization (ipynb/python
files), as well as the cleaned data (xlsx/Excel
files) can be seen from the GitHub repository at
https://github.com/Emmaestro001/ITA analysis of
precipitation across Niger and Benue Rivers/tree/main/
JNSPS ITA OF PRECIPITATION%20(NIGER%20AND%
20BENUERIVERS).
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and Şen’s innovative trend method for climatic parameters over Nigeria’s
climatic zones”, Climate Dynamics 60 (2022) 3385. https://doi.org/10.
1007/s00382-022-06521-9.

[61] C. Yozgatligil, S. Aslan, C. Iyigun & I. Batmaz, “Comparison of miss-
ing value imputation methods in time series: the case of Turkish mete-
orological data”, Theoretical and Applied Climatology 112 (2013) 143.
https://link.springer.com/article/10.1007/s00704-012-0723-x.

[62] J. E. V. Ferreira, M. T. S. Pinheiro & W. R. S. dos Santos, “Graphical rep-
resentation of chemical periodicity of main elements through boxplot”,
Educación Quı́mica 27 (2016) 209. https://doi.org/10.1016/j.eq.2016.04.
007.

[63] P. Mishra, C. M. Pandey, U. Singh, A. Gupta, C. Sahu & A. Keshri, “De-
scriptive statistics and normality tests for statistical data”, Annals of Car-
diac Anaesthesia 22 (2019) 67. https://doi.org/10.4103/aca.ACA 157 18.

[64] S. Ogunjo, A. Olusola, I. Fuwape & O. Durowoju, “Temporal variation in
deterministic chaos: the influence of Kainji dam on downstream stations
along lower Niger River”, Arab Journal of Geosciences 15 (2022) 237.
https://doi.org/10.1007/s12517-021-09297-0.

[65] F. A. Adesina & T. O. Odekunle, “Climate change and adaptation in Nige-
ria: Some background to Nigeria’s response–III”, presented at the Inter-
national Conference on Environmental and Agriculture Engineering 15
(2011) 146. https://api.semanticscholar.org/CorpusID:55687831

[66] M. S. Shiru, S. Shahid, S. Shiru, E. S. Chung, N. Alias & K. Ahmed,
et al., “Challenges in water resources of Lagos mega city of Nigeria in
the context of climate change”, Journal of Water and Climate Change 11
(2020) 1067. https://doi.org/10.2166/wcc.2019.047.

[67] Y. Alifujiang, J. Abuduwaili, B. Maihemuti, B. Emin & M. Groll,
“Innovative trend analysis of precipitation in the Lake Issyk-Kul
Basin, Kyrgyzstan”, Atmosphere 11 (2020) 332. https://doi.org/10.3390/
atmos11040332.

[68] M. C. Ekwe, J. K. Joshua, J. E. Igwe & A. Osinowo,
“Mathematical study of monthly and annual rainfall trends
in Nasarawa State, Nigeria”, IOSR Journal of Mathematics
(IOSR-JM) 10 (2014) 56. https://www.semanticscholar.org/paper/
Mathematical-Study-of-Monthly-and-Annual-Rainfall-Ekwe-Joshua/
63e107c8eb6a0a8a2484d4fef914ca1113400bae.

[69] P. G. Oguntunde, B. J. Abiodun & G. Lischeid, “Rainfall trends in Nige-
ria, 1901–2000”, Journal of Hydrology 411 (2011) 207. https://doi.org/
10.1016/j.jhydrol.2011.09.037.

[70] K. E. Ukhurebor & I. C. Abiodun, “Variation in annual rainfall data of
forty years (1978-2017) for South-South, Nigeria”, Journal of Applied
Sciences and Environmental Management 22 (2018) 511. https://doi.org/
10.4314/jasem.v22i4.13.

[71] J. C. Stromberg, S. J. Lite & M. D. Dixon, “Effects of stream flow patterns
on riparian vegetation of a semiarid river: implications for a changing
climate”, River Research and Applications 26 (2010) 712. https://doi.org/
10.1002/rra.1272.

[72] C. Shade, P. Kremer, J. Rockwell & K. Henderson, “The effects of ur-
ban development and current green infrastructure policy on future cli-
mate change resilience”, Ecology and Society 25 (2020) 37 . https:
//doi.org/10.5751/ES-12076-250437.

[73] R. Cervigni & R. Valentini, “Toward Climate-Resilient De-
velopment in Nigeria World Bank Publications”, Wash-
ington D. C., United States, 2013, pp. 1–215. https:
//documents1.worldbank.org/curated/en/707851468100141797/pdf/
Toward-climate-resilient-development-in-Nigeria.pdf.

[74] A. C. Getirana, J. C. V. Espinoza, J. Ronchail & O. C. Rotunno Filho,
“Assessment of different precipitation datasets and their impacts on the
water balance of the Negro River basin”, Journal of Hydrology 404 (2011)
304. https://doi.org/10.1016/j.jhydrol.2011.04.037.

[75] C. Keef, C. Svensson & J. A. Tawn, “Spatial dependence in extreme
river flows and precipitation for Great Britain”, Journal of Hydrology 378
(2009) 240. https://doi.org/10.1016/j.jhydrol.2009.09.026.

[76] A. Tarpanelli, G. Amarnath, L. Brocca, C. Massari & T. Moramarco,
“Discharge estimation and forecasting by MODIS and altimetry data in
Niger-Benue River”, Remote Sensing of Environment 195 (2017) 96.
https://doi.org/10.1016/j.rse.2017.04.015.

[77] I. Elkhrachy, “Flash flood hazard mapping using satellite images and GIS
tools: a case study of Najran City, Kingdom of Saudi Arabia (KSA)”, The
Egyptian Journal of Remote Sensing and Space Science 18 (2015) 261.
https://doi.org/10.1016/j.ejrs.2015.06.007.

[78] A. Akinbobola, E. C. Okogbue & O. O. Olajiire, “A GIS-based flood risk
mapping along the Niger-Benue river basin in Nigeria using watershed
approach”, Ethiopian Journal of Environmental Studies and Management
8 (2015) 616. https://doi.org/10.4314/ejesm.v8i6.1.

19

https://doi.org/10.1080/00032719.2020.1712606
https://doi.org/10.1080/00032719.2020.1712606
https://ui.adsabs.harvard.edu/link_gateway/2017OGeo....9...53N/doi:10.1515/geo-2017-0053
https://ui.adsabs.harvard.edu/link_gateway/2017OGeo....9...53N/doi:10.1515/geo-2017-0053
http://192.248.48.10/rjs/index.php/rjs/article/view/221
https://doi.org/10.3126/ije.v11i1.45838
https://doi.org/10.3126/ije.v11i1.45838
https://ijecs.in/index.php/ijecs/article/view/317
https://ijecs.in/index.php/ijecs/article/view/317
https://www.scirp.org/reference/referencespapers?referenceid=3508391
https://www.scirp.org/reference/referencespapers?referenceid=3508391
https://abjournals.org/african-journal-of-environment-and-natural-science-research-ajensr/wp-content/uploads/sites/15/journal/published_paper/volume-3/issue-4/AJENSR_LTPC9C8A.pdf
https://doi.org/10.5772/intechopen.96854
https://doi.org/10.3390/atmos11121292
https://doi.org/10.3390/atmos11121292
https://psycnet.apa.org/record/1948-15040-000
https://doi.org/0012-9682(194507)13:3
https://doi.org/0012-9682(194507)13:3
https://link.springer.com/article/10.1007/s00704-020-03464-1
https://link.springer.com/article/10.1007/s00704-020-03464-1
https://doi.org/10.1016/j.ecolind.2015.11.026
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000811
https://doi.org/10.1061/(ASCE)HE.1943-5584.0000811
https://link.springer.com/article/10.1007/s00704-020-03482-z
https://link.springer.com/article/10.1007/s00704-020-03482-z
https://link.springer.com/content/pdf/10.1007/978-3-319-52338-5.pdf
https://doi.org/10.1007/s00382-022-06521-9
https://doi.org/10.1007/s00382-022-06521-9
https://link.springer.com/article/10.1007/s00704-012-0723-x
https://doi.org/10.1016/j.eq.2016.04.007
https://doi.org/10.1016/j.eq.2016.04.007
https://doi.org/10.4103/aca.ACA_157_18
https://doi.org/10.1007/s12517-021-09297-0
https://api.semanticscholar.org/CorpusID:55687831
https://doi.org/10.2166/wcc.2019.047
https://doi.org/10.3390/atmos11040332
https://doi.org/10.3390/atmos11040332
https://www.semanticscholar.org/paper/Mathematical-Study-of-Monthly-and-Annual-Rainfall-Ekwe-Joshua/63e107c8eb6a0a8a2484d4fef914ca1113400bae
https://www.semanticscholar.org/paper/Mathematical-Study-of-Monthly-and-Annual-Rainfall-Ekwe-Joshua/63e107c8eb6a0a8a2484d4fef914ca1113400bae
https://www.semanticscholar.org/paper/Mathematical-Study-of-Monthly-and-Annual-Rainfall-Ekwe-Joshua/63e107c8eb6a0a8a2484d4fef914ca1113400bae
https://doi.org/10.1016/j.jhydrol.2011.09.037
https://doi.org/10.1016/j.jhydrol.2011.09.037
https://doi.org/10.4314/jasem.v22i4.13
https://doi.org/10.4314/jasem.v22i4.13
https://doi.org/10.1002/rra.1272
https://doi.org/10.1002/rra.1272
https://doi.org/10.5751/ES-12076-250437
https://doi.org/10.5751/ES-12076-250437
https://documents1.worldbank.org/curated/en/707851468100141797/pdf/Toward-climate-resilient-development-in-Nigeria.pdf
https://documents1.worldbank.org/curated/en/707851468100141797/pdf/Toward-climate-resilient-development-in-Nigeria.pdf
https://documents1.worldbank.org/curated/en/707851468100141797/pdf/Toward-climate-resilient-development-in-Nigeria.pdf
https://doi.org/10.1016/j.jhydrol.2011.04.037
https://doi.org/10.1016/j.jhydrol.2009.09.026
https://doi.org/10.1016/j.rse.2017.04.015
https://doi.org/10.1016/j.ejrs.2015.06.007
https://doi.org/10.4314/ejesm.v8i6.1

