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Abstract

Changes observed in rainfall trend or distribution can be attributed to climate change and variability.
This study aimed at determining the rainfall trends of three cities in Nigeria representing different
vegetation zones namely; Sokoto (Sahel savanna), Abuja (Guinea savanna) and Port Harcourt
(mangrove rainforest). The rainfall data was collected from Nigeria Meteorological Agency (NIMET)
covering a period of 39 years (1985 to 2023). The data was analyzed using Mann Kendall Test. The
results obtained showed no trend in rainfall in all the cities. It also reveals an increasing rainfall in
Sokoto and Port Harcourt whereas decrease in Abuja with no statistically significant trend (P = 0.27,
0.65 and 0.06 and Kendall Tau = 0.126, -0.053 and 0.215 for Sokoto, Abuja and Port Harcourt
respectively). A mean rainfall values of 656.1mm, 1510.1mm and 2928.4mm were also obtained for
Sokoto, Abuja and Port Harcourt respectively. This study therefore reveals though rainfall pattern
increases in two of the cities and decreases in one, there is no statistically significant trend in the
rainfall. The rainfall pattern could predispose the study areas to extreme weather events like flooding
and drought. It is recommended that adequate weather and climate information should be made
available alongside urgent need for more weather observations for planning in sectors of water resource
management to prevent excessive rainfall from becoming disasters.
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INTRODUCTION

The Intergovernmental Panel on Climate Change (IPCC) defines climate change as a change
in the state of the climate that can be identified by changes in the mean and /or the variability
of its properties, and that persists for an extended period, typically decades or longer” (IPCC,
2012). Rainfall is one of the major climatic parameters and can be used as an index of climate
change. Crops, animals and humans derived their water resources mainly from it. It also
determines the time in which some crop types can be cultivated and the appropriate farming
practices for optimum yields (Ismail and Oke, 2012). Temporal trends of the changes in
intensity, frequency, and duration of precipitation event are indicators of a changing climate
(Mohammed et al., 2015). Also, rainfall frequency and intensity are fluctuating, according to
studies done by (Ogutu et al., 2008; Loo et al., 2015). With regards to rainfall, studies have
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alluded to the fact that the climate is changing (Goswami et al, 2006). The study done by
(Ragab and Prudhomme, 2002) on the variability and uncertainty of rainfall across the world,
reported that North Africa witnesses rainfall decrease and the regime of rainfall in some parts
of South Africa is increasing. It is therefore beneficial to emphasize that researches on rainfall
variability are crucial in reducing the consequences of extreme climate hazards such as
droughts and floods. (Kisaka et.al., 2015).

According to Okoro et al., (2014), what is deemed as the most cause of rainfall variability in
West Africa is the West African Monsoon. They opined that inter-annual variability is
connected to changes in higher-level features like the African Easterly Jet (AE]), the Tropical
Easterly Jet (TE]) and the Low-Level Westerly Jet, the African Westerly Jet (AW]) over the
continent and the West African Westerly Jet (WAW]) over the Atlantic. Each of these features
has its climatic importance particularly with respect to inter-annual variability. Two air
masses, namely the dry tropical-continental air mass, and the warm, tropical maritime air
mass controlled the climate of Nigeria. The demarcation of these air masses is known as the
Inter-Tropical Convergence Zone (ITCZ). The Inter-Tropical Convergence Zone (ITCZ) is the
principal weather maker that is responsible for the summer monsoon precipitation in the
country. The two seasons observed in the country are rainy and dry seasons. The dry season
(November-March) is due to the influence of the dry tropical-continental air mass from the
Sahara Desert, while the rainy season (April- October) is due to the warm, tropical maritime
air mass from the Atlantic Ocean (Audu and Okeke, 2018). Rainfall is also influenced by a
range of factors, including climate variability, atmospheric circulation patterns and
geographic features such as topography and proximity to oceans or other bodies of water. In
recent times, there has been increasing concerns about changes in rainfall patterns due to
climate change. IPCC has reported that the frequency and intensity of heavy precipitation
events have increased in many regions, particularly in tropical regions and high latitudes
(IPCC, 2021). Climate change is caused mainly by human activities. Urban areas like Sokoto,
Abuja and Port Harcourt due to urbanization are characterized by various human activities
that can cause emission of greenhouse gases leading to climate change. Industrial activities,
use of automobile, deforestation, etc are on the increase as a result of urbanization in these
cities. According to Masum and Pal (2021), climate change is exacerbated by urbanization and
human activities. Therefore, as urbanization in these cities increases, there is likelihood of
further aggravation to climate change.

Climate change has widespread effects on life and livelihood (IPCC 2014). In the IPCC fourth
assessment report, it was also clearly stated that the widespread melting of snow and ice,
increases in global average air and ocean temperature and rising global sea level are attributed
to changing climate. In Nigeria, the impacts of climate change are mostly observed in climate-
dependent sectors. Extreme events such as flooding and drought associated with climate
change resulting in food insecurity and other effect on livelihood, (Mbah, 2019). Lema. and
Majule (2009); Swai et al., (2012) reported that inter-annual variability of rainfall in Tanzania
is common and that frequent dry spells have brought about decline in crop yields and
increased food shortages leading to food insecurity. Every rainy season in Nigeria is
associated with tropical storms which claim lives and properties worth millions of naira across
the nation (Okorie, 2015). Normal rainfall results in adequate supply of water without
disaster. Long period of dryness is usually associated with epidemics, (Okorie, 2015) and food
shortage apart from shortage of water supply. For some decades, the commonest natural
disaster in Nigeria is flooding. Flooding is usually caused by heavy rainfall and
thunderstorms over a short period, prolonged rainfall or excessive downpour while its deficit
results in drought of varying magnitudes (Abolade et., al 2013). Similarly, extreme events like
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flooding and drought associated with climate bring about food scarcity, decreased
hydroelectric power supply, loss of shelter and road networks, among others (Mbah, 2014).
Recently, scientists have predicted that Lagos may soon be inhabitable by the end of the 21st
century due to flooding resulting from sea levels rise due to climate change (CNN, 2021). A
study conducted by Eludoyin et al. (2009) studied monthly rainfall distribution in Nigeria
between 1985-1994 and 1995-2004 and observed some fluctuations in most months within the
decades. In an investigation by Ayansina et al. (2009) to determine the influence of rainfall as
an element of climate change, the seasonal rainfall variability in Guinea savannah part of
Nigeria and it variability was observed to be continuously increasing. Obasi and Ikubuwaje
(2012) conducted an analytical study of rainfall and temperature trends in some catchment
States of Nigeria using the Benin-Owena River Basin as case study. The study covers climatic
data for rainfall and temperature for 35years. Akinsanola et al., (2014) analyzed for the
occurrences of abrupt changes in temperature and rainfall values over Nigeria using data
from 25 synoptic stations from 1971- 2000 (30years).Their result shows that there have been
statistically significant increases in precipitation in vast majority of the country, with sequence
of alternately decreasing and increasing trends in mean annual precipitation in the study area.
Odiana and Ibrahim (2015), studied rainfall trend in Bauchi and reported as increasing trend.

Rainfall is usually studied to determine the nature of trend. The Mann-Kendall (MK) (non-
parametric) test is usually applied to detect a monotonic trend in a series of meteorological
data like rainfall. The null hypothesis for this test indicates no trend, whereas the alternative
hypothesis indicates a trend that is upward trend or downward trend (Pohlert 2020). There
are numerous studies that used MK trend test among which include Pal et al. (2017) who
applied MK test to examine the significant trend of rainfall, in the Rangoon watershed in
Dadeldhura district of Nepal. Samwel et al. (2021) in there study in Kenya which found no
significant trend using Mann Kendall test. Audu et al. (2021) applied Mann-Kendall in their
study of precipitation in Nigeria and reported negative trend that is significant. Therefore,
this study employed the MK trend test to determine the nature of the rainfall trend and
significance level in the study areas in order to assess the impact of climate change. This study
would give information about extreme rainfall in Nigeria, which will be useful to
policymakers, planners and resource managers. Also, looking at the relevance of rainfall in
economic activities and the vulnerability of Nigerians to climate change, it is necessary for
further insightful studies of rainfall trends. Rainfall affects agriculture which in turn affects
food security, livelihood and economy of the study areas. The aim of this study is to determine
rainfall trend in Sokoto, Abuja and Port Harcourt Nigeria.

MATERIALS AND METHODS

Description of Study Area

The study areas for this study are Sokoto, Abuja and Port Harcourt. They represent three
different climatic/vegetation zones in Nigeria. Sokoto represents the Sahel savanna, Abuja
represents the guinea savanna and Port Harcourt represents the mangrove rainforest. Sokoto
as shown figure 1 is located in North West geopolitical zone of Nigeria near the confluence of
Sokoto river and Rima river and serves as the capital of Sokoto state. The city falls within the
Sahel Savanna climate zone, characterized by hot, dry weather conditions and minimal
rainfall (NIMET, 2012). The climate is semiarid with a zone of savannah-type vegetation as
part of the sub-Saharan Sudan belt of West Africa (Ekoh, 2020).

Abuja, the capital territory of the Federal Republic of Nigeria occupying 1769sqkm (Orisakwe

et al., 2017) as shown in figure 1. It is surrounded by Kaduna, Kogi, Nasarawa and Niger states
to the north, south, east and west respectively. The city of Abuja experiences double of
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thunderstorm (Ochei et al., 2015). Abuja has a tropical climate which is characterized by wet
and dry season (Nyame, 2012). Rainfall in Abuja is majorly an orographic type, as a result of
its location proximity to the windward side of the Jos plateau. Relative humidity is about 20%
in the dry season and 50% in the wet season (Okunola et al., 2014). The rainy season begins in
March and ends in November, with peak in September, during which abundant rainfall is
received. (Balogun and Balogun 2001).

The city of Port Harcourt as shown in figure 1 is located in the southern region of Nigeria
Port Harcourt has a tropical climate with a mean yearly temperature of 27°c and yearly rainfall
of 2000mm (NIMET, 2018). The area falls within the subequatorial climate belt and is marked
by two distinct seasons, wet and dry season with 80% of annual rainfall between March and
November and the dry season which last from December to March (Oyegun, 1999). Rain falls
over a period of 10 months with its peak in July and September and with a brief dry season
that occurs in August (Oyegun, 1999). Port Harcourt, is a coastal area within the southern part
of Nigeria. Humidity increases during the rainy season months of June-September and drops
steadily and continuously till March. One important factor in the study area is that the
beginning of the rainy seasons is associated with great heat that is, increase in temperature
(Wizor and Obafemi, 2019).
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Fig 1 Map of the study area

Source of Data

This study utilized secondary source of data. Data on climatic variable (rainfall) were collected
from the archives of the Nigeria Meteorological Agency (NIMET) Abuja involving rainfall
data in Port Harcourt, Abuja and Sokoto. The rainfall data collected for each of the cities was
for 38 years from the year 1985 to 2023. The data collected were on monthly basis for a period
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of 38 years from 1985 to 2023. Similar studies on climate change (Odiana and Ibrahim, 2015;
Abaje and Oladipo, 2019; Bello et al., 2020) also relied on data from the Nigeria Meteorological
Agency (NiMet).

Data Quality Control
The quality of the temperature data was assessed visually using Microsoft Excel to check for
any outlier and missing data to avoid erroneous/typing error that can affect the final result.

Method of Data Analysis

The temperature data obtained from the Nigerian Meteorological Agency were analyzed
using Mann-Kendall (MK) trend test. This is to determine the nature of the temperature trend
in the study areas. The MK trend test is widely used for detecting monotonic trends in

environmental time series, such as climate data (Tabari et al., 2015; World Meteorological
Organization, 2018; Aditya et al., 2021; Findi et al., 2022).

The MK trend test is a non-parametric test used to identify a trend in a series. It is also used
to determine whether a time series has a monotonic upward or downward trend. The non-
parametric MK test is commonly employed to detect monotonic trends in a series of data like
climate data. The null hypothesis (HO) shows no trend in the series while the alternate
hypothesis, H1, signifies that the data follow a monotonic trend (i.e. negative, none or positive
trends). The Mann-Kendall (MK) trend test is applied in studies because the data does not
have to be normally distributed since the test is non-parametric (distribution free test). Also,
the test has low sensitivity to abrupt breaks due to inhomogeneous time series. The data
values are evaluated as an order time series and all subsequent data values are likened from
each data value. The time series x1,x2,x3...xn represents n data points (Alemu and Dioha
2020). The Mann-Kendall trend test results such as MK stat(s), Kendall’s tau, test statistics (Z),
and P-value were computed. The following steps were taken to perform the MK trend test
using Python in a Google Colab environment:

Data Preparation: The CSV file containing the annual mean values was uploaded to Google
Colab, where Python was used for the analysis. The pandas library was utilized to import and
manipulate the data, allowing for efficient handling of time series data.

Installation of the Required Library: The pymannkendall library, which contains functions
for performing the Mann-Kendall trend test, was not pre-installed in Google Colab. Therefore,
it was installed using the pip install pymannkendall.

Performing the Mann-Kendall Test: After the library was installed, the MK trend test was
executed using the MK .original_test function from the pymannkendall package. This
function was applied separately to both rainfall and temperature data, and the results
provided insights into the presence and significance of trends. The function returns both the
test statistic and the p-value, which were used to assess whether the trends were statistically
significant. The Mann Kendall Test was determined using equation 1.

n-1 n
S= z z sign(yj - yi) equation 1

i=1 j=i+1
Where

S is the slope which can either be positive, zero or negative, yjand y; are the sequential values
of observations at a given time i and j and n is the length of the data set
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The test statistic tau gives a positive/negative trend when the value of tau is positive/negative
and no trend when tau is zero. The level of significance used in this study was 0.05, and the
trends were considered significant when the P-value was less than 0.05. A positive value S
indicates an increasing trend, a negative S value shows a decreasing trend, while a zero value
denotes no trend (Ahmad et al., 2015). Mann Kendall test was also used by Yue et al. (2002),
Hamed (2008), Ngaina and Mutai (2013), Asfaw et al. (2018), Biazar and Ferdosi (2020) and
Berhane et al. (2020).

Descriptive statistical techniques such as mean annual temperatures and graph were
computed using SPSS Version 25. Descriptive statistic to determine average temperature was
used in similar studies (Helsel and Hirsch 2002, Gupta 2007, Alemu and Dioha 2020). The
mean temperature in the study areas was determined using equation 2

Mean = l = (Z ai) Equation 2
n
Where

(3 ai) summation of all the annual rainfall
n = total number of entries

RESULTS AND DISCUSSION

Annual Rainfall Pattern in Sokoto

The results of the Mann-Kendall Test (Table 1) confirm no trend at p-value of 0.266 and Z-
value of 1.113. A Kendall Tau coefficient of 0.126 indicates a positive correlation over time.
The slope of 2.0 indicates that, on average, the annual mean rainfall is increasing by 2.0mm
per year over 39 years though not statistically significant. Figure 2 shows rainfall in Sokoto
has an increasing and fluctuating pattern of massively rise and fall nature between 1987 and
1999. From 1999 to 2003, the fluctuating pattern was mild but became abrupt again from 2005.
1998 and 2000 were the years with the highest amount of rainfall (790.2 mm) in Sokoto within
the period studied. But 1987 and 2017 had the least amount of rainfall with the values 373.2
and 383.9mm respectively. The result also showed that rainfall in Sokoto was not up to 800
mm in any of the years. This could be linked to its location being in the Sahel savanna.

Table 1 : Rainfall in Sokoto from 1985-2023

Mann Kendall Test Result
Trend No trend
H False
p-value 0.266
Z 1.113
Tau 0.126
S 93.00
var_s 6833.67
Slope 2.00
Intercept 629.0
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Figure 2: Rainfall pattern in Sokoto

Annual Rainfall Pattern in Abuja

The Mann-Kendall Test in table 2 indicates no trend, with a p-value of 0.645 and a Z-value of
-0.459. The Kendall Tau value of - 0.052 is quite low, suggesting that while there is some
variability, no significant long-term increasing or decreasing trend is present. The slope of -
3.38 indicates a declining trend of 3.38mm per annum over the years, it is however not
statistically significant. Figure 3 revealed that rainfall fluctuates massively which was
progressive from 1985 to 2003. Between 2004 and 2009, a mild fluctuation occurred. 2003 to
2011 recorded higher amount of rainfall in Abuja over the period studied with 2009 having
the highest amount. Later years particularly from 2010 recorded decline with 2018 having the
least amount. This pattern of rainfall observed in Abuja could be attributed to climate change.
The result also showed relatively high amount of rainfall in Abuja with most of the years
exceeding 1000mm. This could be associated with the fact that it is a high land in the Guinea
Savanna.

Table 2 : Rainfall in Abuja from 1985-2023

Mann Kendall Test Result
Trend No trend
H False
p-value 0.65
Z -0.459
Tau -0.052
S .39.0
var_s 6833.67
Slope -3.38
Intercept 1519.292
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Figure 3: Rainfall pattern in Abuja

Annual Rainfall Pattern in Port Harcourt

The Mann-Kendall Test in table 3 indicates no trend, with a p-value of 0.06 and a Z-value of
1.911. The Kendall Tau value of 0.215 indicates a positive correlation over time. The slope of
8.65 indicates an annual increase of 8.65mmm of rainfall over the years which is however not
statistically significant. Figure 4 shows a steady and progressive fluctuation throughout the
period studied. More rainfall with higher amount occurred between 2005 and 2023 with 2019
receiving the highest amount of (2790.8mm). However, 2011 had the least of the rainfall
(1749.2 mm) within the period studied. The result also revealed that Port Harcourt receives
high amount of rainfall. This could be attributed to its location being in the coastal area. The
lack of a clear trend in rainfall in this study could imply that, the regions are necessarily
experiencing more or less rain, but rather inconsistent patterns. The mean rainfall for Sokoto
is 656.1mm, Abuja is 1510.1mm and Port Harcourt is 2928.4mm

Table 3 : Rainfall in Port Harcourt from 1985-2023

Mann Kendall Test Result
Trend No trend

H False

p-value 0.06

Z 1.911

Tau 0.215

S 159.0
var_s 6833.67

Slope 8.65
Intercept 2165.53
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Figure 4: rainfall pattern in Port Harcourt

The result obtained in this study agrees with the findings of an earlier studies by Addisu et al.
(2015) where no trend was reported in their study in Ethiopia. Garuba et al. (2021) reported
rainfall in Zaria, Nigeria with decreasing pattern but no significant trend using Mann Kendall
test. Ouma et al. (2018), using Mann Kendall Test observed decrease in annual rainfall but with
a statistically insignificant trend in most parts of their study areas in Kenya. Samwel et al.
(2021) in their study reported that rainfall in Kissii Kenya was decreasing but the Mann
Kendall test did not reveal any significant trend. Ghebrezgabher et al. (2016) in their study in
the horn of Africa also found no significant trend in rainfall. Likewise, Van Wilgen et al. (2016)
also found no significant trend in rainfall in South Africa. The increasing pattern of rainfall in
Sokoto and Port Harcourt could increase the susceptibility of the cities to flooding and could
equally enrich water resources in the areas. This is consistent with Allafta and Opp (2021) in
their study in Iran. Odiana et al. (2024) also reported susceptibility of flooding in parts of Edo
State Nigeria due to increase in rainfall. Garuba et al. (2021) opined that decline in rainfall
could affect water resources.When flood occurs, properties, crops and farmlands are
destroyed thereby impoverishing people and affecting food availability (Odiana et al., 2023).
However, the continual decline in rainfall in Abuja could affect water resources and increase
the tendency of experiencing drought which will affect livelihood. This is in line with Garuba
et al. (2021) Therefore there is the possibility of extreme weather events like flooding and
drought in the cities indicating climate change.

CONCLUSION

This study determines rainfall trends in three Nigerian cities namely; Abuja, Port Harcourt
and Sokoto from the year 1985 to 2023. The findings showed that no significant trend was
observed in the rainfall in any of the cities. The study also reveal an increasing but fluctuating
pattern of annual rainfall in Sokoto and Port Harcourt. However Abuja has a decreasing
pattern from 2010. Based on the results, the study concludes that, the annual rainfall patterns
for the past 39 years examined in the three cities fluctuate across the years with a rising pattern
but no statistically significant trends. However, temperature trends in the cities need to be
determined. Furthermore, adequate weather and climate information should be made
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available alongside urgent need for more weather observations for planning in sectors of
water resource management to prevent excessive and declining rainfall from becoming
disasters.
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