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ABSTRACT

Climate variability continues to impact the livelihoods of rural communities, especially families that
rely on rainfed agriculture. This study examined the trends and variability of rainfall, minimum and
maximum temperatures in Lapai, Niger State. Monthly rainfall, maximum and minimum temperature
time series (January 1990-December 2025) were obtained from NASA Power covering 36 years. The
study used the Coefficient of Variation (CV), Standardized Anomaly Index (SAl), Modified Mann-
Kendall (MMK) trend test, Sen’s slope estimator, Seasonal Mann-Kendall test, and Pettitt tests to
analyze the data. The study revealed annual rainfall had moderate variability (CV=26.7%), while
maximum and minimum temperatures had low variability with 6.13% and 10.8%, respectively. The
MMK revealed a significantly declining trend in annual rainfall (Z = -2.49, p < 0.05) with a Sen’s slope
of -10.35 mm year™', while maximum and minimum temperatures revealed significantly increasing
trends, increasing by 0.11°C and 0.05°C annually, respectively. The Seasonal MK also revealed
significantly decreasing rainfall and an increase in maximum and minimum temperatures. The
Pettitt’s test revealed significant changepoints in rainfall in 1998, maximum temperature in 1997,
and minimum temperature in 2002. Results of the SAl revealed an increased frequency of negative
anomalies of annual rainfall, indicating intense drying in the area. The study concludes that the
findings suggest emerging warming-drying spells in Lapai LGA, which can have negative implications
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for rain-fed agriculture, water resources, and climate adaptation planning.

1 Infroduction
Climate change and variability are among the most
pressing global challenges of the 21st century, with
profound implications for ecosystems, economies, and
livelihoods, particularly in developing countries (IPCC,
2022). Across the world, climate change has been
identified as a significant environmental challenge in the
21t century (Achite et al., 2023). This phenomenon is
significantly increasing the frequency and intensity of
extreme weather events (EWESs), including severe storms,
catastrophic floods, prolonged heatwaves, and extended
droughts (Ahmed et al., 2024; Huang et al., 2025). Several
developing countries, including Nigeria, face heightened
vulnerability due to their reliance on rainfed agriculture
and limited adaptive capacity (Omokaro, 2025).
According to the IPCC (2023), global warming of
1.1°C above pre-industrial levels has been caused by over
a century of burning fossil fuels and unequal,
unsustainable energy and land use. With the increase in
global temperature and changes in precipitation patterns,
changes in aridity have been observed, with some areas
getting drier and others getting wetter (Daramola et al.,
2023). Additionally, the West African Monsoon (WAM)
is a crucial component of the regional climate system,
affecting agriculture, water resources, and livelihoods
across West Africa (Datti et al., 2025). These interactions
lead to higher spatial and temporal variability of

temperature and rainfall, which can subsequently impact
agricultural productivity and the availability of water for
domestic and industrial use.

Nigeria, Africa’s most populous has
experienced notable shifts in its climate over recent

country,

decades. Studies have reported increasing trends in mean
annual temperature and erratic rainfall patterns across
many regions of the country (Ahmad et al., 2025; Bello et
al,, 2025). These changes severely affect the livelihoods of
people who rely on rainfed agriculture in rural and peri-
urban communities, specifically smallholder farmers in
Northern Nigeria (Ideki et al.,, 2024; Sule et al., 2020).
Rising temperatures and rainfall variability have been
linked to crop failures, loss of livestock, food insecurity,
and increased vulnerability to climatic extremes (Ariko et
al., 2024; Haruna et al., 2025).

Despite the country’s vulnerability to climate change,
there is a paucity of literature that captures the
peculiarities of Lapai LGA. Most studies focus on national,
basin, or state level, which does not consider local
dynamics and community specifics (Abubakar et al., 2025;
Liman et al,, 2021, 2024). Additionally, Lapai LGA is an
agrarian town, known for planting millet, guinea corn,
maize, wheat, rice, and beans. Thus, considering the
reliance of the population on agriculture and natural
resources, there is a need to conduct a robust assessment
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of rainfall and temperature, focusing on the variability
and trends.

Therefore, this study examines the variability and trends
of rainfall and temperature in Lapai LGA of Niger State.
The study employed the Coefficient of Variation to
examine the monthly and annual variability, while the
Seasonal Mann-Kendall was used to examine the
seasonal trends of rainfall and temperature. Lastly, the
Modified Mann-Kendall was used to examine the
monthly and annual trends of rainfall and temperature in
Lapai LGA. The results of this study will add to the
scientific understanding of climate behavior in Niger
State and the North-central region of Nigeria.
Additionally, the study will provide
information for local authorities, agricultural planners,
and community stakeholders to develop resilient
strategies in the face of climate variability and change.

actionable

2 Materials and Methods

2.1 Study Area

The study was conducted in Lapai Local Government
Area of Niger State, Nigeria. The area lies between
latitude 6.20 °E and longitude 8.20 °N. It is situated at
72km from Minna. It is bordered by Agaie Local

Government Area to the west, Kogi State to the South,
Federal Capital and Gurara Local Government to the
North (Dawodu et al., 2024). The area has an estimated
population of about 200,700 and occupies a total area of
about 3,051 km? (Abdulkadir & Iyanda, 2016). Lapai LGA
comprises eleven Districts and each of the districts is
headed by a district head. The two major languages are
Nupe and Dibbo. However, some minority tribes are
found in different locations scattered throughout the area.
Also, the Local Government has two distinctive seasons,
namely the wet and dry seasons.
commences from April to October, while the dry season
commences from November to March. The annual rainfall

The wet season

distribution pattern shows a maximum of 1300mm rainfall
and a minimum of 900-1000mm. Mean maximum
temperature remains high throughout the year (Dangana
et al., 2015). The average minimum temperature is about
21.1 °C. People in the region are mostly farmers, and the
climate conditions in the area favor the cultivation of a
variety of crops (Abdulkadir et al., 2024). The main crops
cultivated in the area include rice, sorghum, maize,
cassava, sesame, melon, and yams. The major means of
transportation are the road transport system (Ibrahim et
al., 2016).

Figure 1: Location of Lapai in Niger state
Source: Modified from GRID3 - Nigeria, 2024
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2.2 Data Sources

Monthly reanalysis time series of rainfall (mm),
minimum  temperature (Tmin), and maximum
temperature (Tmax) from January 1990 to December 2025
were extracted for the grid point 8.7823°N, 6.6689°E
(nearest to Lapai town centre) from NASA Power (17t
January, 2026). The datasets consist of all the variables
spanning 36 years (432 months), which is in line with the
World (WMO)

recommendation of a minimum of 30 for climatological

Meteorological Organization

analysis.

2.3 Data Analysis

2.3.1 Coefficient of Variation (CV)

This study employed the Coefficient of Variation to
examine the interannual variability of rainfall and
temperature in Lapai LGA, Niger State. This was
computed using Equation (1):

o
v = 7* 100 €Y
where o represents the standard deviation and X denotes
the average rainfall or temperature. Typically, CV values
less than 20% are classified as low, values from 20% to
30% as moderate, values from 30% to 40% as high, and
values exceeding 40% as very high (Asfaw et al., 2018;
Haruna et al.,, 2025). The CV was computed using the
hydroTSM package (v 0.7-0.1) in R Studio.

2.3.2 Modified Mann-Kendall (MMK) trend test

The modified MK provides improved accuracy for trend
detection in time series data by adjusting the variance of
the test statistic using an effective sample size (Hamed &
Ramachandra Rao, 1998). The modified VAR(S) statistic
is calculated using Equation (2):

. 2
18 n; @

VAR(S) = (n(n -1D(2n+ 5)) <£>

Here, the correction factor (ni) is adjusted to the

*
e

autocorrelated data using Equation (3):

f=1

where p.(f) represents the autocorrelation function
between the ranks of the observations and can be
estimated using Equation (4):
p() = 2sin (% pe(f)) @
2.3.3 Sen’s slope

Sen's slope is a nonparametric approach that is frequently
slope
hydrometeorological datasets (Bekele et al., 2017; Gocic &

employed to identify trends in
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Trajkovic, 2013). It was developed by Sen (1968) and
calculated using Equation (5):
f®)=Qt+B ©)

In Equation (5), Qt represents the slope, whereas
B represents a constant. To calculate the slope (Q), the

slopes (values) of the data were calculated using
Equation (6) below:

— ©)

where Xj and Xk represent the data values at intervals j
and k (j > k). If each interval has a single datum, then N =
n(n-1)/2, where n is the number of data points. If there are
several observations in one or more periods, then N < (n(n-
1))/2. Sen’s slope estimator is computed using Equation

(7):

( Q*[(N+1)],ifNisodd

2
Qmed = { (7)

o o252

2
Finally, Qmed is used with a nonparametric model to
calculate the trend and slope magnitude. A positive Qi
implies an uptrend, whereas a negative Qi suggests a

,if N is even

downtrend. Similarly, a score of zero indicates that no
trend is detected.

2.3.4 Change-Point Detection

This study used Pettitt’'s homogeneity tests to detect
changepoint in rainfall and temperature in Lapai LGA.
The Pettitt’s test is capable of revealing changes that occur
in the data, hence improving the overall
comprehensiveness of the study (Kabbilawsh et al., 2023).
As a nonparametric test, the PT is applied to identify
changepoints in time series without requiring any
assumptions on the pattern of distribution of the time
series (Pettitt, 1979). Thus, the premise is based on the
notion that observations are autonomous and evenly
distributed over time (Yozgatligil & Yazici, 2016; Zhou et
al., 2019).

2.3.5 Standardized Anomaly Index (SAl)

This study used the SAI to identify extremely dry and
extremely wet years for rainfall in Lapai, Niger State. The
SAI was computed using Equation (8):

X-X
o

SAI = (8)

Where X is the annual value of rainfall, X represent the
long-term mean, and o is the standard deviation. The
thresholds for the SAI are presented in Table 1.


https://www.sciencedirect.com/science/article/pii/S2214581821001440#eq0050
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Table 1: SAI Classification

SAl Value Classification

> 1.65 Extremely Wet
1.0to 1.64 Moderately Wet
-0.99 to 0.99 Near Normal
-1.0to-1.49 Moderate Drought
-1.5t0-1.65 Severe Drought
<-1.65 Extreme Drought

3 Results and Discussion

3.1 Coefficient of Variation
The result of the annual variability of rainfall, maximum,
and minimum temperature is shown in Table 2.

Table 2: Annual variability of rainfall, maximum (Tmax), and minimum temperature (Tmax)

Variable Minimum Maximum Mean Std. deviation CvV
Rainfall 365.400 1937.350 1239.647 331.064 26.71
Tmax 34.590 42.680 38.677 2.371 6.13
Tmin 9.930 16.760 13.179 1.429 10.84

From Table 2, rainfall had the highest variability, with the
minimum of 365.4 mm recorded in 1999, and the highest
value of 1,937 mm recorded in 1995. The mean annual
rainfall was 1,239.65 mm, with a standard deviation of
331.06 mm. The coefficient of variation was 26.7%,
indicating moderate interannual variability over the
study period. Maximum temperature ranged from 34.59
oC to 42.68 °C, with a mean Tmax of 38.67 °C, and a
standard deviation of 2.37 °C. The CV was 6.13%,
indicating low variability. The minimum temperature

also ranged from 9.93 °C to 16.76 °C, with a mean of 13.18
°C, and a standard deviation of 1.43 °C. The CV was 10.8%,
indicating low variability.

3.2 Trends of rainfall and temperature in Lapai

3.2.1 Trends for the Mean Annual Rainfall, Maximum and
Minimum Temperature

The Modified MK was used to examine the trend of

rainfall and temperature in Lapai, Niger State. The result

is shown in Table 3.

Table 3: Annual trend of rainfall, maximum, and minimum temperature in Lapai

Rainfall Tmax Tmin

y/ -2.49 2.27 2.37
Kendall's tau -0.29 0.31 0.28

S -184.00 196.00 175.00
Var(S) 5390.00 7360.75 5389.00
p-value (Two-tailed) 0.01 0.02 0.02
alpha 0.05 0.05 0.05
Sen's Slope -10.35 0.11 0.05

Table 3 revealed that rainfall had a significant decreasing
trend (Z = -2.49, Kendall's t = -0.29, S = -184, two-tailed p
= (0.01), declining by 10.35 mm per year. This indicates a
gradual, but consistent decline over time. On the
contrary, both maximum temperature (Tmax) and
minimum temperature (Tmin) exhibited significantly
increasing trends (Tmax: Z = 2.27, 1 = 0.31, 5 =196, p =
0.02; Tmin: Z=2.37, t=0.28, S=175, p = 0.02). However,
Tmax increased by 0.11 °C/year, while Tmin increased at
a slower rate of 0.05 °C/year. This suggests increasingly

hotter days and warm nights. This is illustrated in Figure
2.



Kaduna Journal of Geography 4?‘ 43

44 - 18 +
17 +
16 +
15 +
8 14 A
E’ 13 +
S
F 12 f
11 +
10 +
9 +
32 t t t 8 t
ST S S S . ST A S G .
Year Year
a) Tmax b) Tmin
2500
2000 -+
€
£ 1500
g
£
T 1000 +
4
500 +
0 + + 1
ORI L S S
Year
¢) rainfall
Figure 2: Annual trends of rainfall, maximum, and minimum temperature in Lapai
3.2.2 Seasonal Trend of Rainfall and Temperature
The Seasonal Mann-Kendall was used to examine the
seasonal trends of rainfall, maximum, and minimum
temperature in Lapai. The result is shown in Table 4 and
Figure 3.
Table 4: Seasonal trends of rainfall, maximum, and minimum temperature in Lapai
Metric Rainfall Tmax Tmin
Kendall's tau -0.133 0.310 0.182
S' -993.000 2345.000 1378.000
Var(S') 106898.667 250134.000 142156.333
p-value (Two-tailed) 0.002 <0.0001 0.000
alpha 0.05 0.05 0.05
Sen's Slope -0.323 0.086 0.023

Table 4 revealed that seasonal rainfall exhibited a 0.133, p = 0.002), with Sen’s slope indicating a mean
statistically significant decreasing trend (Kendall's T = - decrease of -0.323 mm per season, suggesting long-term
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drying. Maximum temperature

also exhibited

a

significantly increasing trend (t = 0.310, p < 0.0001), with
Sen’s slope indicating an increase of 0.086 °C per season.
Minimum temperature also significantly increased (t =
0.182, p = 0.000), with Sen’s slope indicating a moderate

increase of 0.023 °C per season.
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Figure 3: Seasonal trends of rainfall, maximum, and minimum temperature in Lapai
3.3 Changepoint Detection
The Pettitt’s test was used to examine the homogeneity of
rainfall and temperature in Lapai. The result is shown in
Table 5 and Figure 4.
Table 5: Change-point detection for rainfall and temperature in Lapai
Rainfall Tmax Tmin
K 189.000 208.000 177.000
t 1998 1997 2002
p-value (Two-tailed) 0.020 0.006 0.034
alpha 0.05 0.05 0.05




Table 5 revealed that Annual rainfall had a significant
abrupt shift in 1998, with a test statistic (K =189, p=0.020).
This is linked to the shift in precipitation level (the lowest
rainfall was recorded in 1999). Similarly, Tmax
experienced an abrupt shift in 1997 (K=208, t=1997,
p=0.006), consistent with an increase in maximum
temperatures starting from 1997. The Tmin had a
changepoint detected in 2002 (K=177, t=2002, p=0.034),
indicating a significant increase in warm nights
beginning in 2002.
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Figure 4: Pettitt’s test for annual rainfall, maximum, and minimum temperature in Lapai

3.4 Standardized Anomaly Index

From Figure 5, the Standardized Anomaly Index (SAI)
revealed significant variability in annual rainfall between
1990 and 2025. Extreme positive anomalies were recorded
in 1994 (2.06), 1995 (2.11), 1996 (1.29), and 2000 (1.46),
which indicates that rainfall in these years was
significantly wetter-than-normal. However, significant

negative anomalies were recorded in 1999 (-2.64), 2004
(-1.14), 2005 (-1.37), 2013 (-1.30), 2015 (-1.26), and 2025
(-1.14), indicating extreme dry conditions compared to the
long-term average. The lowest anomaly was recorded in
1999, although the 1990s experienced sustained wet
conditions.
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Figure 5: Standardized Anomaly Index for annual rainfall

4 Discussion

The results reveal strong evidence of climate variability
and change in Lapai LGA between 1990 and 2025. The
coefficient of variation (CV) shows that rainfall has
moderate interannual variability (CV = 26.7%), while
Tmax has low interannual variability (6.13%) and Tmin
has low interannual variability (10.8%). This is in
agreement with climate behavior in the Guinea Savannah
region, where rainfall is more variable than temperature
due to its dependency on monsoonal circulation
dynamics (Asfaw et al., 2018; Bekele et al., 2017). The
moderate interannual variability of rainfall in this region
shows that although the amount of rainfall is within the
expected range (900-1300 mm), its interannual variability
is sufficiently high to affect agricultural activities in the
region. The same rainfall variability has been observed in
other parts of northern and central Nigeria, where
interannual variability of rainfall is sufficiently high to
affect crop yield (Ariko et al., 2024; Sule et al., 2020).

The Modified MK revealed a significant decrease in
rainfall of 10.35 mm per annum. This decrease is
significant in the region, considering its mean annual
rainfall. The decline is consistent with other studies that
report declining rainfall in northern Nigeria (Bello et al.,
2025), as well as regional assessments of increasing aridity
across West Africa (Daramola et al.,, 2023). Considering
the reliance of most households in Lapai on rainfed
agriculture, continuous decline will increase soil moisture
stress, reduced growing season, increase the
frequency of agricultural drought (Abubakar et al., 2024;
Morakinyo et al., 2024; Shiru et al., 2018).

However, Maximum and minimum temperatures are
by trends. Maximum
temperature increases by 0.11 °C annually, while

and
characterized increasing

maximum temperature increases by 0.05 °C annually. This
agrees with the findings of Ahmad et al. (2025), who

reported an increase in temperatures in northern Nigeria.
Similarly, the IPCC (2023) projected an increase in
temperatures in Nigeria and the rest of the sub-Saharan
region of Africa. Thus, increasing maximum temperatures
suggests intensified heating during the day, which could
lead to higher evapotranspiration and soil moisture deficit
(Garcia-Garcia et al, 2023), coupled with decreasing
rainfall. Increase in temperature directly affects pests’
reproduction, survival, spread, and population dynamics
as well as the relationships between pests and the
environment (Skendzi¢ et al, 2021), and it is also
associated with the health vulnerability experienced in the
northern part of Nigeria (Ahmed et al., 2024).

The seasonal trends results support these findings. The
Seasonal MK revealed a significantly decreasing trend (t =
-0.133, p = 0.002), with increasing trends of maximum and
minimum temperatures. The decline suggests that the
decrease is not unique to isolated periods, but highlights
consistent seasonal drying. Given that the annual rainfall
in Lapai spans from April to October, the decrease during
the growing season can have a negative impact on
agriculture. Similar seasonal rainfall declines have been
observed in other parts of northern Nigeria, where
delayed onsets and early cessation have become
increasingly common (Haruna et al., 2025; Abubakar et al.,
2025). The simultaneous seasonal increase in Tmax
(0.086°C per season) and Tmin (0.023°C per season)
underscores the intensification of thermal conditions
throughout the year.

The Pettitt’s test revealed significant change points
were detected in rainfall (1998), Tmax (1997), and Tmin
(2002). The rainfall shift in 1998 closely follows the extreme
negative anomaly recorded in 1999, indicating a transition
toward a relatively drier regime. This period coincides
with broader West African rainfall fluctuations influenced
by variability in the West African Monsoon system and



Atlantic sea surface temperatures (Datti et al., 2025). The
shift in maximum temperature in 1997 and minimum
temperature in 2002 suggests regime transitions toward
warmer conditions. Several studies reported that global
precipitation changes are becoming more intense due to
climate change. Specifically, Tahroudi (2025) reported
that these changes involve shifts in the statistical
characteristics of precipitation data over time, including
potential alterations in their fundamental distributions.
Thus, the temporal alignment of rainfall decline and
temperature rise suggests a development of warming-
drying spells in Lapai.

The result of the Standardized Anomaly Index (SAI)
revealed alternating wet and dry regimes, with extremely
wet periods dominating the mid-1990s and extremely dry
conditions evident in 1999 and years after 2000. The
prevalence of negative rainfall anomalies in the 2000s and
2010s supports the declining rainfall trend observed in the
MMK test results. Conversely, Tmax anomalies show a
prevalence of positive values after 2000, while Tmin
shows increasingly strong positive values in recent years,
especially in 2025. This supports the global warming
trends observed by the IPCC (2023) and the evidence of
intensification of heat conditions in Nigeria (Ahmad et al.,
2025).

Thus, in conclusion, our findings have indicated that
there has been a decrease in rainfall and an increase in
minimum and maximum temperatures between the years
1990 and 2025 in Lapai. This supports the IPCC (2022)
projections that there will be an experience of drought and
high temperatures in the region under Sub-Saharan
Africa. For a rural settlement such as Lapai, these
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observed changes in temperature and rainfall amounts
might have important implications for agriculture (Ideki et
al., 2024; Omokaro, 2025). The agreement between the
various methods for evaluating variability (CV and SAI),
trend detection (MMK and Sen’s slope), and structural
change detection (Pettitt test) lends support to the
observed patterns as representing real climatic change
processes and not short-term variability.

5 Conclusion

The study examined variability and trends of rainfall,
minimum and maximum temperatures in Lapai LGA from
1990 to 2025. The study revealed moderate rainfall
variability, with alternating wet and dry periods, and
significantly increasing temperatures. The trends can
significantly impact the livelihoods of the locals by posing
risks to rainfed agriculture, reduced water availability,
intensified heat stress, and increased exposure to climatic
extremes. This could undermine food security, household
incomes, and the resilience of the rural, agrarian
population. Therefore, this study recommends the
adoption of climate-smart agriculture and the promotion
of drought-resistant and early-maturing crops. There is
also a need for improved water conservation techniques,
agroforestry integration, and
enhanced extension Stakeholders should
prioritize evidence-based interventions in line with
Further should
scenarios vulnerability

small-scale irrigation,

services.
national research
incorporate
assessments targeting people whose livelihoods are reliant

climate policies.

projected and

on rainfed agriculture.
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