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1 Introduction 

Climate change poses a complex, multifaceted challenge 

to agricultural productivity and rural economies, 

particularly in developing nations like Nigeria. As one 

of Africa's largest agriculture-dependent economies, 

Nigeria's agricultural sector is notably susceptible to 

climatic variations, which significantly impact food 

security, livelihoods, and overall economic stability 

(Adetunji et al., 2021). According to Ojo et al. (2024), 

climate change significantly affects agricultural 

productivity through alterations in temperature, 

precipitation patterns, and the prevalence of extreme 

weather events. Climate change is a global phenomenon 

caused by the emission of greenhouse gases, primarily 

carbon dioxide, into the atmosphere (Abado, 2022). 

These dangerous gaseous emissions increase Earth’s 

temperatures, resulting in changes in weather patterns, 

sea levels, and the availability of natural resources such 

as water, forests, and food (Abado, 2022).  According to 

WMO (2020), since the 1980s, each decade has been 

warmer than the previous one; this trend is expected to 

continue due to record levels of heat-trapping 

greenhouse gases in the atmosphere.  

The World Meteorological Organization’s 

consolidated analysis of leading international datasets   
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reveals that average temperatures for the five-year (2015-

2019) and ten-year (2010-2019) periods were the highest 

on record, with 2019 the second warmest year on record 

after 2016 (WMO, 2020). 

Minimum temperature refers to the lowest 

temperature recorded over a specific period, typically 

within 24 hours, and is crucial for understanding 

weather patterns. Minimum temperature change is one 

extreme of climate change that provides a clear 

understanding of its issues (Adakayi & Ishaya, 2016). An 

increase in temperature is not only a local phenomenon 

but also part of a broader global warming trend (Shiru et 

al., 2020). Temperature changes are notable 

manifestations of climate change (Kwawuvi et al., 2023). 

The average temperature of our planet might rise by 1.1 

to 5.40C (2-9.7 F) by the end of the 21st century, according 

to simulations from numerous climate models (IPCC, 

2022). The rate at which the minimum temperature is 

warming is projected to persist until 2065 (Gemechu et 

al., 2023). The IPCC (2022) further suggests that this 

warming is expected to speed up in the next 50 years, 

potentially resulting in a temperature increase of 1.5-3 °C 

due to rapid land use change.  

ABSTRACT 

Climate change presents a severe threat to agricultural productivity and rural stability in Nigeria, 
where the economy is heavily agrarian. This study specifically investigates minimum temperature 
trends in Ijebu-Ode from 1989 to 2018 to evaluate local environmental shifts, potential impacts on 
crop production, and the need for adaptation strategies. The study used data collected from the 
Nigerian Meteorological Agency Ijebu-Ode station and applied Innovation Trend Analysis (ITA) and 
the Anomaly approach to identify trends in annual minimum temperature and to detect anomalies, 
both of which are crucial for analysing hydrometeorological data. The results revealed a 
statistically significant, monotonic increase in minimum temperatures (warming trend) over 30 
years, implying a consistent upward and uninterrupted trend where the majority of data points lie 
above the 1:1(450) diagonal line. Minimum temperatures have risen steadily since 1989, reaching 
their highest levels between 2004 and 2018, indicating a long-term structural shift in local climate. 
Heatwaves (positive anomalies) were identified from February to May and in November, while 
colder spells (negative anomalies) occurred during December-January and June-October (monthly 
anomaly). This pattern points to a substantial and sustained increase in minimum temperatures, 
which could be indicative of ongoing climate change impacts in Ijebu-Ode. The observed warming, 
especially during the dry season, poses a potential direct risk to crop yields. These temperature 
shifts will continue to disrupt traditional growing seasons and subject crops to chronic heat and 
moisture stress. To mitigate these effects, this underscores an urgent need for policymakers to 
design and implement planned adaptation strategies to reduce potential risk. Such measures are 
critical to enhancing the adaptive capacity and resilience of local inhabitants while safeguarding 
local crop production. 
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Climatic variability across spatial and temporal 

dimensions is usually of long-term observational data of 

specific climatic elements collected over an average 

period of not less than thirty years (Asfaw et al., 2018; 

Rhamstorf et al., 2017). Trends in climate provide a 

general sense of noticeable changes in historical climatic 

data and raise concerns about extreme weather events 

(Verere et al., 2023). 

The consequences of these higher temperatures are 

severe: heat stress on crops reduces agricultural 

productivity, while increased evaporation rates 

exacerbate water shortages (Verere et al., 2023). 

According to Long (1991), warmer temperatures could 

modify the rates of photosynthesis and respiration, thus 

affecting crop growth rates. An increase in temperature 

can cause heat waves, heat-related sicknesses, and even 

death in affected areas (Verere et al., 2023). Nigeria is 

grappling with rising temperatures, erratic rainfall 

patterns, and extreme weather events, underscoring the 

critical need for effective climate adaptation strategies 

(Nwafor et al., 2022). Climate adaptation refers to the 

processes and strategies employed to mitigate the 

adverse effects of climate change, thereby facilitating 

resilience and sustainability in vulnerable sectors, 

particularly agriculture (Adger et al., 2021). Adaptation 

is crucial for safeguarding food security and enhancing 

the livelihoods of rural communities, particularly in 

developing countries like Nigeria. The significance of 

climate adaptation in Nigeria is underscored by its 

reliance on agriculture, which employs a large portion of 

the population and is directly affected by climate 

change, necessitating effective adaptation strategies to 

maintain productivity and economic stability (Nwafor et 

al., 2022). The successful implementation of these 

strategies not only has the potential to mitigate adverse 

effects but can also foster resilience and promote 

sustainable development within agricultural and rural 

communities (Ogundipe et al., 2023). 

While traditional trend tests (like Mann-Kendall) are 

commonly used, there are limited recent Innovative 

Trend Analysis (ITA) applications to specifically 

investigate trends in minimum temperature at the local 

levels; hence, this advantage is explored in this study. 

The results of this study are expected to enhance the 

understanding of climate change in the study area and 

also provide a resource for planned climate change 

adaptation strategies. 

 

2 Materials and Methods 

2.1 Study Area 

This study was conducted in the ancient city of Ijebu-

Ode, situated in Ogun State, Nigeria (Figure 1). Ijebu-

Ode is one of the 20 Local Government Areas (LGA) that 

make up Ogun State, with a total area covered of 

190.543km (Olayiwola & Salau, 2022) and a population of 

233,310 at the 2006 census (National Population 

Commission, NPC). Ijebu-Ode is located at latitude 6° 28’ 

N and 6° 44’ N of the equator and longitude 3 ° 10 ’ E and 

3 ° 55’ E of the Greenwich Meridian (Olayiwola & Salau, 

2022) in Southwest Nigeria, at an elevation of 74 meters 

above sea level (Figure 1). The city is the third-largest 

urban centre in Ogun State in terms of infrastructural 

facilities, and its importance as an administrative 

headquarters and commercial centre predates the 

colonial period. 

 

 
Figure 1: Location of Ijebu-Ode in Ogun State, Southwest 

Nigeria (Olayiwola & Salau, 2022) 

 

The climate of Ijebu-Ode, SW Nigeria, like other parts of 

Nigeria, is characterised by distinct wet and dry seasons, 

enabling the occurrence of lowland tropical rain forest. 

The region is, on an annual basis, influenced by a hot-wet 

tropical maritime air mass during the rainy season 

(April-October) and a hot-dry tropical continental air 

mass during the dry season (November-March) 

(Aiyewunmi, 2023). Ijebu-Ode has a humid tropical 

climate. Annual rainfall is generally intense, with peaks 

in July and September (double maxima), coupled with 

high temperatures and relative humidity (Adejuwon & 

Agundiminegha, 2019). The annual rainfall is between 

1575mm and 2340mm, and the average annual 

temperature is 27.5°C (Oluwatobi & Oluwakemi, 2016; 

Fayemi, 2020; Onanuga et al., 2022). 

 

2.2 Data Sources  

The study used the mean monthly and annual air 

temperature. The Nigerian Meteorological Station (Ijebu-

Ode) provided meteorological data for the last 30 years 

(1989-2018), which was used to determine the mean 

monthly and annual minimum air temperature.  
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2.3 Method of data analysis 

The innovative trend analysis (ITA) method is also used 

in this work to identify trends in annual minimum air 

temperatures. Sen (2012) introduced the ITA 

methodology, which does not rely on restrictive 

assumptions commonly used in the Mann-Kendall trend 

test and Spearman's rho test. The main advantage of ITA 

over the MK test and other approaches is that it does not 

require any assumptions (serial correlation, non-

normality, sample size, etc.) or pre-whitening, and 

provides more information regarding trends, such as 

low, medium, and peak values (Caloiero, 2020, Caloiero 

et al., 2018; Dabanli et al., 2016; Sen, 2012). In contrast to 

MK and Sen slope, ITA approaches can identify 

monotonic and non-monotonic trends as well as 

partially sub-trends (Dabanli et al., 2016). 

The idea is based on the observation that scatter 

points for two identical time series will almost always 

fall along the line 1:1 (45°).  First, two equal sections of 

the hydrometeorological time series are split off and 

organised individually in ascending order. To create a 

scatter plot, the first half (i.e., earlier period) is placed on 

the X-axis and the second (i.e., later period) on the Y-

axis. The diagram is divided into two equal triangular 

pieces by a straight line at a 1:1 (45°) angle, with the 

upper (lower) triangular region representing the 

growing (decreasing) trend element. There is no 

significant trend in the hydrometeorological recordings 

if the scattering locations are on or near the 1:1 (45°) 

straight line. The pattern and distribution of the data 

points on the ITA graph illustrate the existence and 

direction of trends (Ahmad et al., 2025). An increasing 

trend is presented when the points are positioned above 

the 1:1 line, but a decreasing trend is present when the 

data points are located below the 1:1 line. 

Anomaly approach (1998-2018): On a graph, a 

temperature anomaly is the difference between a 

recorded temperature and a long-term average or 

baseline (often a 30-year period). A positive anomaly 

implies temperatures warmer than the baseline, whereas 

a negative anomaly indicates cooler temperatures. The 

world has seen many positive anomalies during the last 

ten years (WMO, 2024), for example, (for global mean 

temperature, each of the past ten years, 2015–2024, was 

individually the ten warmest years on record), and these 

measurements are used to monitor and identify patterns 

in climate change. 

 

3 Results and Discussion 

3.1 Descriptive analysis showing assessment of statistical 
significance of the air minimum temperature trends 

An innovation trend analysis (ITA) method is used in 

this work to identify trends in annual minimum air 

temperatures (Figure 2). The idea is based on the 

observation that scatter points for two identical time 

series will almost always fall along the line 1:1 (45°). 

There is no significant trend in the hydrometeorological 

recordings if the scattering locations are on or near the 

1:1 (45°) straight line. Otherwise, it is feasible to confirm 

a rising (decreasing) trend in the time series if the points 

are above (below) the 1:1 straight line (45°) (Dabanli et 

al., 2016; Sen, 2012, 2014). The result of Figure 2 showed 

an increase in minimum temperatures over the study 

period. The lowest air temperature shows a "monotonic 

positive trend" (i.e., an increasing trend) and is 

statistically significant, as the points lie above the 1:1 

straight line (45o) (Figure 2). Overall, the results indicate 

a significant upward trend in the minimum air 

temperature over Ijebu-Ode.  

 

 

Figure 2: An innovative trend analysis (ITA) of the minimum 

temperatures in Ijebu-Ode (1989-2018) reveals a significant 

trend as well as a rising trend. 

 

3.2 Minimum temperature anomaly 

The anomaly approach used in Figure 3 demonstrates 

inter-annual variation between 1989 and 2018. The 

seasonality, including the highest positive and negative 

anomalies, respectively above and below the reference 

normal, indicates extreme variability, high volatility, and 

a significant departure from the expected long-term 

stable seasonal pattern, suggesting evidence of local 

climate change. Positive temperature anomalies observed 

in February to May and in November indicate warmer-

than-average conditions, often associated with and 

exacerbating heatwaves. According to Adakayi and 
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Ishaya (2016), when climate fluctuations represent 

significant departures from normal conditions or 

become prolonged enough to constitute a new climate 

state, adjustment problems arise, and the environment, 

man, and his activities become vulnerable. The anomaly 

in climate parameters degenerates into climate change, 

which is one of the greatest environmental, social, and 

economic threats facing our world today (Chomitz et al., 

2006). 

 

 
Figure 3: Minimum air temperature anomalies: 1989-2018 

 

4 Discussion 

This study examined minimum air temperature trends 

in Ijebu-Ode from 1989 to 2018 and found a statistically 

significant monotonic increase. The "monotonic positive 

trend" suggests that minimum temperatures in Ijebu-

Ode have been continuously rising over time. The data 

suggest a persistent, structural change in the local 

climate rather than random or unpredictable weather 

events. Findings of this study are corroborated by recent 

research in Türkiye that utilized ITA and demonstrate a 

clear monotonic increase in annual minimum 

temperatures, with an average rise of 0.0270C/year 

(Omer et al., 2025). Türkiye is consistent with the global 

warming effects confirmed by the IPCC AR6. According 

to Omer et al. (2025), the observed warming rate of 0.02 

°C/year for mean annual temperature aligns with the 

enhanced warming signal identified for the 

Mediterranean region (IPCC, 2021). Another important 

finding in our study is that the minimum temperature is 

increasing faster than the maximum temperature (Omer 

et al., 2025). This indicates an increasing risk to crop 

yields due to increased moisture loss from soil and 

plants. Furthermore, the rapid warming of minimum 

temperature has significant implications for agriculture 

and water resources, potentially leading to increased 

evapotranspiration and moisture stress (Asseng et al., 

2011). 

Evidence of local climate change is suggested by the 

seasonality, which includes the biggest positive and 

negative anomalies above and below the reference 

normal, respectively. These anomalies show severe 

unpredictability, high volatility, and a major divergence 

from the long-term, stable seasonal pattern. High 

temperatures are a critical environmental factor that 

impacts crop growth and yield by influencing various 

mechanisms (Chaudhary et al., 2025). This issue is 

alarming because it directly affects yield at a time when 

there is a pressing need to increase agricultural output to 

alleviate global hunger and ensure food security 

(Chaudhary et al., 2025). Warmer-than-normal 

temperatures, which are frequently linked to and 

exacerbate heatwaves, are indicated by positive 

temperature anomalies observed in Ijebu-Ode from 

February through May and in November.  

According to Chaudhary et al. (2025), extremely high 

temperatures have a significant impact on vital 

physiological functions like leaf chlorophyll 

concentration and carbon uptake. Higher growing season 

temperatures have been linked to global yield losses in 

important crops, including wheat and maize (Lobel & 

Gourdji, 2012). Due to rising atmospheric C02 from 

anthropogenic emissions driving climate change, global 

land surface temperature is rising (Chaudhary et al., 

2025). This presents a problem for supplying the need for 

food and fuel under more demanding crop-growing 

conditions. Asfaw et al. (2018) noted that rising 

temperatures are among the manifestations of global 

climate change. Climate change and global warming 

have emerged as pressing environmental issues that 

significantly impact human health (Akinnubi et al., 2024). 

According to Akinnubi et al. (2024), the effects of surface 

temperature on health are the subject of growing global 

research. The result of the Lancet Countdown on Health 

and Climate Change 2020 report demonstrates that 

global ambient temperatures are rising along with the 

frequency and intensity of heatwaves, which are harming 

human health and labour productivity globally (Watts et 

al., 2020). Adelekan et al. (2017) found that high 

temperatures were associated with an increase in the 

incidence of malaria, a disease that is already prevalent 

in West Africa.  

The comprehensive data analysis of Nigeria, Mali, 

and Niger from 1985 to 2015 provides critical insights 

into the interplay between climate variables and malaria 

transmission indices (Akinnubi et al., 2024). Across most 

land areas, projections indicate an increase in the 

magnitude and frequency of hot days in the late 21st 

century (IPCC, 2013), and that negative heat effects are 

alarming as global warming is expected to raise mean 

global temperatures (IPCC, 2013).  

4.1 Potential implications of study findings 

According to Ijebu-Ode's study, a long-term structural 

change in the local climate indicates that the environment 

is not just going through a short-lived "hot spell" but is 
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heading toward a permanent new baseline. Predictable 

but inevitable pressures arise from a structural shift: a 

continuous temperature rise may lead to increased 

evaporation and altered precipitation patterns, directly 

affecting the availability and quality of water for Ijebu-

Ode residents; and consistently higher minimum 

temperatures will cause chronic heat stress for crops, 

which may eventually reduce yields. A structural 

change implies that the environment is no longer 

cooling down as efficiently as it once did and that 

persistent warmth prevents people and crops from 

recovering from daytime heat, leading to an increase in 

heat-related illnesses (Heat Stress). These anomalies 

showed that the signal of climate change is stronger and 

rising annually.  

 

5 Conclusion 

The findings of this study indicate that monitoring 

significant changes in temperature series over time is 

crucial. This study provides a great insight into 

minimum temperature trends over a period of 30 years 

from 1989 to 2018. The results showed a monotonic 

positive trend signalling increasing warming in the 

study area. The findings emphasize the need for climate 

change adaptation measures to address potential 

consequences, including heat stress and public health 

hazards. Because the warming trend is "statistically 

significant and increasing," residents and local farmers 

cannot rely on short-term solutions. This study 

advocates for deliberate climate change adaptation 

methods that target the specific structural vulnerabilities 

revealed in the research. Since rising minimum 

temperatures may lead to heat-related illnesses and 

night-time heat stress for crops, the study suggests: 

 

i. Climate-Smart Agriculture: Use heat-tolerant and 

early-maturing crop cultivars to resist higher 

"floor" temperatures. 

ii. Adjusted planting calendars to avoid high heat 

times, which are becoming increasingly frequent. 

iii. Improved Irrigation: Using water-harvesting 

technologies to counteract rising evaporation rates 

due to climate change. 

iv. Promoting tree planting and "green spaces" in 

Ijebu-Ode to offer natural cooling and lessen the 

"urban heat island" effect. 

v. Retrofitting existing buildings with reflective 

roofing and ventilation can improve internal 

thermal comfort and reduce the need for costly air 

conditioning. 

vi. Educating residents about staying hydrated and 

recognizing early indications of heat stress 

through mass media and local extension 

organizations. 

vii. Using techniques like "Innovation Trend Analysis" 

to inform local urban and agricultural policy. 

viii. Strengthening local institutions, such as 

agricultural extension offices, to deliver timely 

climate information and loans for adaptation 

technologies. 
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