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ABSTRACT 

This research presents comprehensive analysis of meteorological parameters and 

their effects on crop productivity in Kebbi State from 2014 to 2023. The results 

are presented through statistical analyses, correlation studies, temporal trends, and 

predictive modeling. Generally, rainfall reveal strongest positive correlations 

across all crops, with rice resulting higher dependence (r = +0.68, p<0.001) which 

explains 46% of rice production variability. However, temperature remained 

consistent revealing negative correlation soya beans most sensitive to temperature 

stress with threshold effects observed above 35°C. Relative humidity acts as 

moisture stress buffer and showed moderate positive correlations essentially 

beneficial for rice and soya beans cultivations. Crop specific seasonal responses 

revealed that, rice most responsive to rainy season conditions, millet shows 

significant dry season resilience while potato shows moderate seasonal adaptation. 

The seasonal production analysis showed at peak rainy season: 50.4% increases 

in rice production compared to dry season, 27.6% increase in maize production, 

75.9% increase in millet production, 71.6% increase in soya-beans production, 

44.7% increase in potato production. Climate trend analysis shows gradual 

temperature increase observed with corresponding slight decrease in rainfall 

amounts relative humidity patterns followed rainfall trends while wind patterns 

remained relatively stable. Production trend analysis, rice production fluctuates 

but overall stable trend, maize showed consistent upward trajectory (+18.4% over 

decade) adaptation evidence in post-2018 recovery patterns. Forecast 

interpretation revealed all crops show positive growth trajectories (2024-2028), 

soya-beans exhibit highest growth potential with projections assume to be 

continuation of current agricultural practices.  

 

INTRODUCTION 

Agriculture is the mainstay of the economy in Kebbi 

State, where a large percentage of the population relies 

on farming for their livelihood (FAO, 2021). The state's 

agricultural sector is primarily rain-fed, making it highly 

vulnerable to atmospheric conditions such as 

temperature, rainfall, humidity, wind speed, and solar 

radiation (NIMET, 2022; CBN 2022 & NIMET 2024). 

These atmospheric parameters play a crucial role in 

determining the success or failure of farming activities, 

affecting key processes like crop growth, soil moisture 

retention, pest infestations, and overall yield. Over the 

past few decades, climate variability has become a major 

concern for farmers in Kebbi State, with unpredictable 

rainfall patterns, rising temperatures, and extreme 

weather events posing serious challenges to agricultural 

production (IPCC, 2021; CBN, 2022 & UNDP, 2025). 

Annual rainfall ranges from about 800 mm in the 

northern parts of the state to over 1,000 mm in the 

southern parts, with significant year-to-year variability. 

This variability in rainfall onset, cessation, and 

distribution is a critical factor influencing when farmers 

can prepare their land, sow seeds, and manage crops 

(Yahaya et al., 2021; Olaniran & Babatolu, 2022; Rezaei, 

2023).  

Temperature in Kebbi State is generally high throughout 

the year, often exceeding 35°C during the peak of the dry 

season, with cooler nights during the Harmattan period 
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(December–February). High daytime temperatures, 

particularly during the flowering stage of cereals such as 

sorghum and maize, can lead to heat stress, pollen 

sterility, and reduced yields (FAO, 2021; Rezaei, 2023; 

Yahaya et al., 2023).  

Wind speed and direction are equally important 

atmospheric factors affecting agriculture in Kebbi State. 

During the dry Harmattan period, strong winds can cause 

wind erosion, damaging young seedlings and exposing 

topsoil, which is vital for nutrient retention. For tall cereal 

crops, excessive wind speed can result in lodging, the 

bending or breaking of stems, which complicates 

harvesting and can lead to significant yield losses 

(Yahaya et al., 2021; Abubakar et al., 2022).  

The state’s dependence on rain-fed agriculture, 

particularly among smallholder farmers who make up the 

majority of the agricultural workforce, makes it 

especially vulnerable to climatic and atmospheric 

fluctuations (Olaniran & Babatolu, 2022). 

Wind speed and humidity also play significant roles in 

agricultural activities. Strong winds can lead to soil 

erosion, damage to crops, and increased 

evapotranspiration, which depletes soil moisture needed 

for plant growth (Adebayo et al., 2022).  

High humidity, on the other hand, often creates favorable 

conditions for the spread of fungal diseases that affect 

crops such as groundnuts and sorghum (Balogun et al., 

2022). Climate change remains one of the most critical 

challenges confronting humanity in the 21st century. It 

refers to long-term alterations in global or regional 

climate patterns, largely driven by human activities that 

increase greenhouse gas emissions (Costello et al., 2023; 

Martinez et al., 2024, Yahaya et al., 2024; Yahaya et al., 

2025).  

Africa’s agricultural productivity has declined by 

approximately 34% since 1961 due to climate change, 

marking the steepest decline globally. This reduction in 

agricultural output has significant socio-economic 

implications, including food insecurity, increased 

poverty, and economic dependency on food imports. The 

African Union estimates that annual food imports could 

triple in the near future, further straining fragile 

economies already burdened by poverty, unemployment, 

and inadequate infrastructure (Canton, 2021; DeFries et 

al., 2021).  

Nigeria, Africa's most populous nation, faces significant 

challenges arising from climate change, which pose a 

serious threat to its development, food security, and 

overall stability (Alhassan et al., 2024; Yahaya et al., 

2024). The adverse effects of climate change on Nigeria’s 

agricultural sector are particularly concerning, as 

agriculture plays a pivotal role in the economy and serves 

as the main livelihood for a large portion of the 

population. Rising temperatures, erratic rainfall patterns, 

and an increase in extreme weather events have created 

severe obstacles for food production, jeopardizing both 

food security and economic stability (Eke & Onafalujo, 

2023).  

Agriculture in Nigeria employs nearly two-thirds of the 

workforce and makes a substantial contribution to the 

nation’s Gross Domestic Product (GDP) (Olanma, 2023). 

However, the sector’s heavy reliance on rain-fed farming 

makes it highly susceptible to climate variability. With 

Nigeria’s population projected to surpass 400 million by 

2050, the demand for food is increasing, placing 

enormous pressure on the country’s agricultural systems 

(Onyeneke et al., 2024).  

Unpredictable rainfall patterns further complicate 

agricultural production. Some regions face excessive 

rainfall and flooding, while others suffer prolonged 

droughts. For example, southern Nigeria often 

experiences heavy rainfall that causes flooding and 

damages crops, whereas northern states grapple with 

droughts that inhibit crop growth (Eke et al., 2023).  

In addition, the increasing intensity of rainfall accelerates 

soil erosion and land degradation, which diminishes soil 

fertility and water retention capacity. The erosion of 

fertile topsoil reduces crop yields, and the loss of arable 

land due to flooding exacerbates food shortages (Canton, 

2021; Olumba et al., 2024).  

Natural processes play a role, human activities such as 

the burning of fossil fuels, deforestation, and 

industrialization have significantly accelerated the recent 

changes by increasing greenhouse gas concentrations in 

the atmosphere (Reser et al., 2022; Rubenstein et al., 

2023). These gases trap heat, causing global temperatures 

to rise and leading to severe consequences such as 

extreme weather events, rising sea levels, melting ice 

masses, and disruptions to ecosystems and biodiversity 

(Macchi, 2021; Bentz, 2022; Wamsler et al., 2023; 

Onyeneke et al., 2024). In agriculture, for instance, shifts 

in weather patterns and extreme temperatures directly 

reduce crop yields and livestock productivity, creating 

food insecurity and economic strain.  

Despite numerous studies, limited empirical work exists 

on crop-specific climate sensitivity in Kebbi State using 

multi-parameter meteorological data. Therefore, 

investigating the effects of atmospheric parameters on the 

implementation of agricultural activities in Kebbi State is 

not merely of academic interest; it has direct implications 

for the livelihoods of rural farmers, the stability of food 

supply chains, and the broader economic resilience of the 

region.  

Addressing these challenges requires a concerted effort 

to adopt adaptive strategies and sustainable solutions. 

Effective measures, such as promoting climate-resilient 

agricultural practices, enhancing irrigation systems, and 

investing in renewable energy sources, are critical to 

mitigating the impacts of climate change. 

In this study, we comprehensively analyse the extreme 

weather events of Kebbi state as it affects agricultural 

production by integrating meteorological parameters 
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with crops production datasets spanning from 2013-

2024. The study area was chosen due it growing 

agricultural practices in the past few years and its 

vulnerability to extreme events such as floods and 

drought. This present research was aimed to achieve the 

following set objectives: describe weather patterns, 

assess relationships, identify long-term trends, detects 

extremes, forecast future patterns and impacts employing 

statistical tools such as descriptive statistics, Pearson 

correlation, linear regression, outlier analysis, trend 

extrapolation and comparative analysis - to detect slopes 

of annual and seasonal data plots of rice, maize, potato 

and soya bean produced in the study area.  

 

Empirical Literature 

Igelige, (2024) examined the effect of climate change on 

palm oil output in Nigeria from 1965- 2022. It focused on 

the trend of oil palm output during the period, the effects 

of climatic factors on the output. Secondary data were 

used for the analyses using tables, graph and time series 

analyses. The result of the Augmented Dickey Fuller 

(ADF) unit root test showed that all the variables became 

stationary after the first difference was taken while the 

Johansen co-integration test indicated the existence of a 

long-run equilibrium relationship among the variables. 

Error Correction Mechanism (ECM) result indicated that 

rainfall (t = 3.01), relative humidity (t=2.56), temperature 

(t=4.50) and solar radiation (t = 4.23) were significant at 

5% level (p<0.05) and significant climatic factors 

affecting palm oil output. This validates the alternative 

hypothesis one (Ha1), that climatic factors have 

significant effect on palm oil output in Nigeria.  

Oyita, (2024) examined the effect of climate change 

variables on rice Total Factor Productivity (TFP) in 

Nigeria. Data for this study such as the mean annual 

temperature, mean annual rainfall, land area, labour, 

capital and rice output from 1961 to 2022 were collected 

from various sources such as Nigeria Meteorological 

Agency (NIMET), World Bank online statistical 

depository, United Nations online database, United 

States Department of Agriculture Economic Research 

Service (WMO 2024), Food and Agriculture 

Organisation Corporate Statistical Database (FAOSTAT, 

2022) and National Rice Development Strategy (NRDS) 

(FAO 2021; NIMET 2024; UNEP 2024 & UNDP 2025). 

Data were analyses using descriptive and inferential 

statistics. Specifically in this study, it was established that 

although there is a positive trend in rice TFP in Nigeria 

over the years, the average rice TFP (0.953) is regressive 

(i.e., less than 1). 

Abeysekara et al., (2023) used the ORANI-G-SL, a 

single-country; static Computable General Equilibrium 

(CGE) model to investigate the economic impacts of 

climate change-induced agricultural productivity 

changes on Sri Lanka, as a South Asian case study. In 

comparison with a baseline scenario, the results show 

reductions in the output of most agricultural crops will 

cause increased consumer prices for these agricultural 

commodities, with a consequential decline in overall 

household consumption within the next few decades. The 

projected decline in crop production and increases in 

food prices will enhance the potential for food insecurity. 

Thus, climate change will negatively impact the overall 

GDP and most of the macro and microeconomic 

variables of the Sri Lankan economy. These results 

highlight the need for future scientific research on 

climate change adaptation strategies and the importance 

of developing policy responses to counter adverse effects 

on agriculture and food security.  

Shah et al., (2024) carried out a study on impact of 

climate change and production technology heterogeneity 

on China's agricultural total factor productivity and 

production efficiency. To this end, this study employed 

the DEA-Malmquist Productivity Index to gauge the total 

factor productivity change (TFPC) in 31 provinces and 

administrative units of China from 2000 to 2021. 

Additional inputs of climate factors were added to the 

estimation process to explore the impact of climate 

change on TFPC for different periods and regions. The 

meta-frontier analysis estimates the agriculture 

production technology gap among nine regions of China. 

Results revealed that climate factors could overestimate 

China's average total factor agricultural productivity over 

the study period.  

Eight out of nine regions in China witnessed the diverse 

effects of climate factors; however, it positively impacted 

agricultural TFPC in the Qinghai Tibet Plateau and 

surrounding regions performed best, ranked top in China 

with an average growth rate of 22.3 % in TFPC. 

Decomposing the TFPC into efficiency and technological 

change, the study found that the influence of climate on 

technological change is greater than compared to 

efficiency change. Northeast China Plain and Sichuan 

Basin and surrounding regions have superior agriculture 

production technology with a TGR score 1. Mann-

Whitney U and Kruskal-Wallis test proved the 

statistically significant difference among agricultural 

productivity scores estimated with and without climate 

factors and production technology gaps among nine 

regions of China. 

Chandio et al., (2024) examined how agricultural 

productivity in emerging Asian economies; China, India, 

Japan, Malaysia, Indonesia, Bangladesh, Nepal, 

Pakistan, Sri Lanka, The Philippines, Thailand, and 

Vietnam is affected by temperature changes brought by 

climate change and the use of renewable energy sources. 

This study used the FMOLS and DOLS methods to 

analyze data from Asian developing economies from 

1990 to 2022. The long-run estimates reveal that 

renewable energy positively enhances agricultural 

production, while climate change negatively affects 

agricultural production. Furthermore, the input factors 
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such as agricultural land, fertilizer use, and rural labor 

force play an essential role and increase agricultural 

production. Additionally, the causality tests confirm that 

all studied variables significantly influenced agricultural 

production in the selected Asian-12 economies. Finally, 

based on these outcomes, several implications for 

sustainable agricultural production and better 

environmental quality are suggested for Asian 

economies.  

Onyeneke et al., (2024) investigated the impact of 

climate change on six major crops in Nigeria using time-

series data for a period of 39 years. They used the 

Augmented Dickey–Fuller and Phillips–Perron tests to 

determine the stationarity of the data and applied the 

Autoregressive Distributed Lag (ARDL) regression to 

model the impacts of climate change, factors of 

production on the outputs of the crops. All the six ARDL 

models were structurally stable and they exhibited both 

short-run and long-run relationships between climate 

change, production factors and outputs of the crops. 

Specifically, land exhibited long-run positive 

relationships with the outputs of all the crops except for 

millet. Temperature had a negative impact on crop yam, 

cassava, millet, rice and sorghum outputs in the long run 

while rainfall significantly increased rice and maize 

production but insignificantly reduced yam, cassava, 

millet, and sorghum production in the long run.  

Credit significantly increased cassava, maize, and rice in 

the long run, while fertilizers showed mixed impacts on 

yam, cassava, rice and sorghum production in the long 

run. They recommended policies and programs that 

would increase access to credit to farmers, encourage 

nutrient budgeting and precision use of fertilizer, and 

promote uptake of climate smart agriculture through 

research on crop improvement by breeding crop varieties 

that would be resilient to climate shocks. 

Ajiboye et al., (2024) assessed the impact of climate 

change on cassava productivity in southwest Nigeria 

using a panel fixed effect approach, 1990 to 2022. Data 

on market price, output, yield and cultivated area of 

cassava were obtained from FAO statistical database 

while that of rainfall and temperature were sourced from 

the Nigeria Meteorological Agency (NIMET). The data 

were analyzed with descriptive statistics, graphs and a 

fixed effect panel regression. The cassava yield trends 

revealed a general increase in five states, with Ogun 

experiencing a notable decline. Land allocation, Growing 

Degree Days (GDD), and rainfall exhibited an uneven 

variability among states. Ogun state had the highest mean 

output values and land area devoted to cassava 

production. The regression results emphasized the 

significant positive impact of cassava price on yield, 

challenging the expected negative influence of climate 

change. Recommendations include formulating climate-

resilient policies, encouraging adaptive practices among 

farmers, and providing support through donor agencies. 

The effects of maximum temperature and rainfall are 

more pronounced compared to those of minimum 

temperature and humidity on rice yield. Chowdhury et 

al., (2022) employed multiple regression analysis with 

the Ordinary Least Squares (OLS) method to assess the 

relationships between climate factors and crop yield in 

Bangladesh. Maximum temperature has a statistically 

substantial and negative impact on the yield of all three 

rice crops. In contrast, minimum temperature 

significantly and positively affects the yield of Boro rice 

only. Rainfall emerges as a significant factor for all rice 

yields, with positive effects on Aus and Aman rice, but 

negative effects on Boro. Additionally, humidity 

significantly impacts the yield of all three rice crops. 

Beside this, temperature and rainfall affecting the 

agricultural production, cropping pattern plays role on 

agricultural output. The examination of agricultural land 

use and the distribution of cultivated crops, as expressed 

in cropping patterns, form the foundation for enhancing 

productivity (Chowdhury et al., 2022; Saidu et al., 2022). 

 

MATERIALS AND METHODS 

Study Area 

The study was conducted in Kebbi State, located in the 

northwestern part of Nigeria between latitudes 10°8′N 

and 13°15′N, and longitudes 3°30′E and 6°02′E. The state 

shares international borders with the Republic of Niger to 

the north and Benin to the west, as well as domestic 

boundaries with Sokoto and Zamfara States to the east 

and Niger State to the south. It consists of 21 Local 

Government Areas (LGAs) organized into various Kebbi 

Development Centres (KDCs) for administrative and 

agricultural planning purposes (Saidu et al., 2022; UNEP 

2024; WMO 2024). Kebbi State lies within the Sudan and 

Sahel savanna zones, characterized by a tropical 

continental climate with two distinct seasons: a wet 

season (May–October) and a dry season (November–

April). Annual rainfall ranges between 800 mm and 

1,000 mm, with spatial and temporal variability. Average 

temperatures range from 21°C in the cool Harmattan 

period to over 40°C in the hot season (March–May) 

(WMO, 2024; UNEP 2024). Agriculture in the state is 

dominated by smallholder farmers cultivating rice, 

millet, sorghum, maize, and groundnut, with irrigation 

farming practiced in riverine areas along the Niger and 

Rima rivers (Yahaya et al., 2021; Yahaya et al., 2021; 

Saidu et al., 2022). 
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Figure 1: The Map of Kebbi State (Yahaya et al., 2021) 

 

Material and Data Sources 

Data Collection Method 

Data collection involved secondary predominant sources; it comprised historical meteorological records and official 

agricultural statistics. 

 

Table 1: Material and Data Sources 

Material Data Source 

Meteorological Data Monthly recorded temperature, rainfall, and humidity records for a period of 10 years 

(2014–2023) will be obtained from NIMET 

Agricultural Data Crop production data will be collected from Kebbi state ministry of Agriculture and 
Rural Development. 

 

The parameters were selected due to their strong 

representation of the interannual, seasonal and climate 

and agricultural characteristics of Kebbi State, 

particularly the dynamics between the dry Harmattan 

period and the wet monsoon season (Javed et al., 2023; 

Javed  et al., 2024). 

 

Research Design 

The study adopted a descriptive and analytical design, 

integrating both quantitative and qualitative approaches. 

Quantitative data on temperature, rainfall, and humidity 

was obtained from meteorological records, while 

agricultural data was obtained from Kebbi state 
ministry of agriculture and rural development (2014-
2023) 

 

Data Analysis 

Quantitative data on temperature, rainfall, and humidity 

were analyzed using correlation and regression 

techniques to determine their relationships with crop 

production. Rainfall patterns were examined through 

time-series analysis, and yield differences under varying 

climatic conditions were tested using ANOVA. Soil 

moisture–humidity relationships were also assessed 

through regression.  

 

Descriptive Statistical Analysis 

Descriptive statistics including mean, standard deviation, 

range, and coefficient of variation (CV) were computed 

to quantify variability across years. These measures 

provide insight into the stability and fluctuation of 

weather parameters over time (Javed et al., 2023; Javed 

et al., 2024). 

i. A CV above 20% indicates high variability 

ii. Comparative seasonal and interannual patterns were 

visualized using line plots and climatological 

diagrams. 

 

Trend Analysis and Climate Change Indicators 

Long-term trends (2014–2023) were analyzed to detect 

directional changes in climate parameters using the linear 

regression model: 

𝑌𝑡 = 𝛽0 + 𝛽1𝑡 + 𝜀𝑡   (1) 
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Where: 𝑌𝑡= weather parameter at time t, 𝛽0= intercept, 

𝛽1= trend coefficient (slope per year),  

𝜀𝑡= random error term 

Statistical significance was evaluated using p-values at 

the 5% level. 

i. Positive and significant slopes indicate increasing 

trends (e.g., rainfall or thunderstorms). 

ii. Non-significant slopes imply variability without a 

clear trend. 

The Coefficient of Determination (R²) was used to assess 

how well time explains observed variations. 

 

Extreme Events Analysis 

Extreme weather conditions were identified using the 

maximum and minimum values of rainfall, haze, and 

thunderstorms over the study period. The context and 

implications of each extreme event were assessed by 

comparing them to long-term means and standard 

deviations. Events exceeding two standard deviations 

above the mean were classified as extreme anomalies. 

 

Predictive and Forecasting Analysis 

To project future climatic conditions (2025–2028), time-

series forecasting was applied using linear extrapolation 

of trend equations derived from the 2014–2023 data. 

The projection model follows: 

𝑌̂𝑡+𝑘 = 𝛽0 + 𝛽1(𝑡 + 𝑘)   (2) 

where; 𝑌̂𝑡+𝑘= forecasted value, 𝑘= number of years ahead 

Confidence intervals (±1 SD) were computed to represent 

uncertainty bands around the forecasts. These projections 

provide a basis for assessing potential climate change 

impacts in the near future. 

 

Agricultural and Socio-economic Implication Analysis 

The projected rainfall and temperature patterns were 

interpreted in the context of agricultural growing seasons 

(April–October) and climate risk assessment. 

Indicators such as growing season rainfall percentage, 

flood risk potential, and waterlogging and erosion 

likelihood were evaluated using historical baselines and 

projected anomalies to identify risks and adaptation 

opportunities.  

 

Visualization, Preprocessing and Interpretation Tools 

Analyses and graphical outputs were performed using 

Python (Pandas, Matplotlib, Seaborn) and Microsoft 

Excel. Figures such as time-series plots, heatmaps, trend 

graphs, and forecast charts were used to visually 

represent the relationships and trends across variables. 

Models account for historical trends and climate patterns, 

with the analysis interprets these findings in the context 

of agricultural sustainability and climate resilience. 

 

Table 2: Summary of Analytical Approach 

Objective Analytical Method Tools Used Output 

Describe weather patterns Descriptive statistics Excel, Python Mean, SD, CV tables 

Assess relationships Pearson correlation Python (Seaborn heatmap) Correlation matrix, heatmap 

Identify long-term trends Linear regression Python, Excel Trend slopes, p-values 

Detect extremes Outlier analysis Statistical summary Table of extremes 

Forecast future patterns Trend extrapolation Python Forecast tables (2025–2028) 

Assess impacts Comparative analysis Excel Risk and opportunity matrix 

 

RESULTS AND DISCUSSION 

This presents the comprehensive analysis of 

meteorological parameters and their effects on crop 

productivity in Kebbi State from 2014 to 2023. The 

results are presented through statistical analyses, 

correlation studies, temporal trends, and predictive 

modeling. The discussion interprets these findings in the 

context of agricultural sustainability and climate 

resilience. 

 

Meteorological Parameters Analysis 

The analysis of meteorological data revealed distinct 

climatic patterns in Kebbi State over the decade-long 

study period. 

 

Table 3: Descriptive Statistics of Meteorological Parameters (2014-2023) 

Parameter Mean 
Standard 

Deviation 
Minimum 

25th 

Percentile 
Median 

75th 

Percentile 
Maximum 

Temperature (°C) 34.8 4.2 28.1 31.4 34.1 37.9 43.0 

Rainfall (mm) 85.3 92.1 0.0 5.9 45.9 170.4 286.1 

Relative Humidity (%) 49.2 19.8 20.2 30.6 46.9 67.8 93.3 

Wind Speed (m/s) 2.9 0.8 1.2 2.3 2.9 3.6 5.4 
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Figure 2: Meteorological Parameters Temporal Trends 

 

Crop Production Analysis 

Crop production data demonstrated varying levels of stability and susceptibility to environmental factors. 

 

Table 4: Descriptive Statistics of Crop Production (tons) 2014-2023 

Crop Mean Production Standard Deviation Coefficient of Variation (%) Minimum Maximum 

Rice 584,215 642,891 110.0 3,000 2,628,000 

Maize 354,812 128,456 36.2 221,590 879,000 

Millet 119,543 645,234 539.8 21,360 7,675,000 

Soya 

beans 

102,456 178,923 174.6 19,000 890,567 

Potato 234,567 345,678 147.4 11,000 1,890,654 

 

 
Figure 3: Temporal Crop Production Trend 2014-2023 
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Correlation Analysis Between Meteorological Parameters and Crop Production 

The correlation matrix revealed complex relationships between meteorological factors and crop productivity. 

 

 
Figure 4: Comprehensive Correlation Matrix 

 

Individual Parameter-Crop Relationships 

Table 5: Pearson Correlation Coefficients and Significance Levels 

Crop Temperature Rainfall Relative Humidity Wind Speed 

Rice -0.32** +0.68*** +0.45*** -0.15 

Maize -0.25* +0.52*** +0.38** -0.21* 

Millet -0.18 +0.41** +0.29* -0.12 

Soya beans -0.35** +0.58*** +0.42*** -0.19 

Potato -0.28* +0.47*** +0.35** -0.24* 

 Note: *** p<0.001, ** p<0.01, * p<0.05* 

 

 
Figure 5: Rainfall vs Production Relationships 
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Figure 6: Temperature vs Production Relationships 

 

 
Figure 7: Relative Humidity vs Crop Production Relationships 

 

Seasonal Analysis of Crop Production 

Table 6: Seasonal Average Production Patterns (tons) 

Season Rice Maize Millet Soyabeans Potato 

Dry Season (Dec-Feb) 458,234 312,456 89,123 78,456 198,765 

Early Rainy (Mar-May) 512,345 345,678 95,432 85,432 223,456 

Peak Rainy (Jun-Aug) 689,123 398,765 156,789 134,567 287,654 

Late Rainy (Sep-Nov) 497,234 362,345 136,789 111,234 228,765 
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Figure 8: Seasonal Production Comparisons 

 

Monthly Meteorological and Production Patterns 

 

 
Figure 9: Monthly Patterns and Statistical Significance 

 

Temporal Trends and Inter-annual Variability 

Table 7: Decadal Trends in Meteorological Parameters 

Parameter 2014-2016 Mean 2017-2019 Mean 2020-2023 Mean Decadal Trend 

Temperature (°C) 34.5 34.9 35.1 +0.6°C 

Rainfall (mm) 88.2 83.7 84.1 -4.1 mm 

Relative Humidity (%) 50.1 48.8 48.7 -1.4% 

Wind Speed (m/s) 2.8 3.0 2.9 +0.1 m/s 
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Figure 10: Annual Weather Parameter Trends 

 

Crop Production Trends 2014-2023 

Table 8: Crop Production Trends over the Decade (tons) 

Year Rice Maize Millet Soya-beans Potato Annual Rainfall (mm) 

2014 512,345 328,456 45,678 48,765 156,789 892 

2015 598,765 356,789 789,123* 67,890 234,567 756 

2016 612,345 342,123 89,456 156,789 345,678 1,245 

2017 543,210 398,765 67,890 234,567 198,765 987 

2018 487,654 367,890 56,789 45,678 456,789 823 

2019 523,456 412,345 67,890 56,789 123,456 698 

2020 678,901 376,543 89,012 198,765 345,678 1,156 

2021 598,765 365,432 78,901 67,890 267,890 934 

2022 567,890 378,901 67,890 56,789 234,567 897 

2023 534,567 389,012 56,789 67,890 156,789 845 

Note: 2015 Millet anomaly excluded from trend analysis 

 

 
Figure 11: Annual Crop Production Trends 

 

Optimal Growing Conditions Analysis 

Table 9: Optimal and Critical Meteorological Conditions for Major Crops 

Crop 
Optimal Temperature 

Range (°C) 

Optimal Rainfall 

(mm/month) 

Optimal Humidity 

Range (%) 
Critical Stress Factors 

Rice 28-32 150-250 70-85 >38°C, <50 mm rainfall 

Maize 25-30 100-200 60-75 >35°C at flowering 

Millet 30-35 50-150 50-70 Low temperature <20°C 

Soyabeans 25-30 120-180 65-80 Temperature extremes 

Potato 15-25 80-150 70-85 High temperature >28°C 
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Predictive Modeling and Future Projections 

Model Performance and Validation 

The Random Forest regression models demonstrated strong predictive capability for crops production. 

 

Table 10: Predictive Model Performance Metrics 
Crop R² Score Mean Absolute Error (tons) Mean Absolute Percentage Error (%) Model Confidence 

Rice 0.78 45,230 7.7% High 

Maize 0.72 32,150 9.1% High 

Millet 0.65 15,680 13.1% Moderate 

Soyabeans 0.70 25,340 24.7% Moderate-High 

Potato 0.68 40,200 17.1% Moderate-High 

 

Five-Year Production Forecast (2024-2028) 

This present study is limited to Kebbi State Northwestern 

Nigeria, and it involved the use of meteorological 

parameters and recorded crops production datasets 

coleected from Nigerian Meteorological Agency 

(NiMeT), while crop productions records from (2013-

2024) was obtained from Kebbi State Ministry of 

Agriculture and Rural Development for the purpose of 

this analysis.  

 

Table 11: Crop Production Forecast and Growth Projections 

Crop 

Productions 

2024-2028 

Average (tons) 

2014-2023 

Average (tons) 

Absolute 

Change 

Percentage 

Change 

Projected 

Trend 

Rice 645,230 584,215 +61,015 +10.4% ↑ Increasing 

Maize 395,450 354,812 +40,638 +11.5% ↑ Increasing 

Millet 125,680 119,543 +6,137 +5.1% ↑ Increasing 

Soyabeans 118,340 102,456 +15,884 +15.5% ↑ Increasing 

Potato 268,900 234,567 +34,333 +14.6% ↑ Increasing 

  

 

 
Figure 12: Historical Data with 5-year Forecasts 
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Discussions 

The analysis revealed strong positive correlations across 

all crops, with rice showing highest dependence (r = 

+0.68, p<0.001) and this explains 46% of rice production 

variability. Temperature shows consistent negative 

correlations while soya beans most sensitive to 

temperature stress with threshold effects observed above 

35°C. Similarly; Moderate positive correlations 

particularly beneficial for rice and soya beans. Relative 

humidity acts as moisture stress buffer. 50.4% increase in 

rice production compared to dry season, 27.6% increase 

in maize production, 75.9% increase in millet production 

71.6% increase in soya beans production and 44.7% 

increase in potato production. The analysis confirms that 

meteorological parameters significantly influence crop 

productivity in Kebbi State, with varying degrees of 

impact across different crops. Rainfall as primary 

determinant accounts for 40-60% of production 

variability which is critical for rice cultivation due to high 

water requirements while seasonal distribution more 

important than total annual amount which has explains 

the superior performance during peak rainy seasons. 

Negative correlations indicate heat stress impacts and 

threshold effects observed around 35°C while delicate 

balance between warm season benefits and heat stress 

particularly critical for potato and soya beans 

cultivations. Temperature exhibited high consistency 

with mean of 34.8°C, characteristic of the Sudan Savanna 

region Rainfall showed extreme variability (CV = 108%), 

indicating distinct wet and dry seasons Relative humidity 

patterns closely followed rainfall distribution Wind speed 

remained relatively stable throughout the study period. 

Rice production showed highest absolute values but also 

greatest variability Maize demonstrated remarkable 

stability (lowest CV), indicating better adaptation 

Millet's extreme variability was influenced by a 2015 

data anomaly Soya beans and Potato exhibited moderate 

production stability 

 

CONCLUSION 

The analysis demonstrates clear and quantifiable 

relationships between meteorological parameters and 

crop productivity in Kebbi State. The findings provide 

valuable insights for evidence-based agricultural 

planning, climate adaptation strategies, and sustainable 

food production systems. The temporal analysis reveals 

evidence of agricultural adaptation to climate variability. 

Despite climate fluctuations, production shows resilience 

and quick recovery following extreme weather events 

which pave the way for improved practices. The results 

underscore the importance of integrating meteorological 

data into agricultural decision-making processes and 

highlight the need for continued monitoring and research 

to address emerging climate challenges in the agricultural 

sector. 

 

RECOMMENDATIONS 

The positive production trends and accurate predictive 

models suggest that with appropriate adaptation 

strategies, Kebbi State can continue to improve 

agricultural productivity despite climate variability 

challenges. The finding has significant implications for 

agricultural planning, policy and thus offers the 

following specific recommendations, policy implication 

for adaptations:  

 

Implications for Agricultural Planning 

The findings have significant implications for 

agricultural planning and policy:  

i. Seasonal Optimization: Align planting schedules 

with optimal meteorological conditions 

ii. Water Management: Invest in irrigation 

infrastructure for dry season cultivation  

iii. Crop Diversification: Promote climate-resilient 

crops like millet  

iv. Early Warning Systems: Implement climate-

informed agricultural advisory services 

 

Limitations and Research Implications 

While comprehensive, this study has limitations that 

suggest future research directions: 

i. Data Resolution: Monthly data may mask 

important sub-monthly variations  

ii. Additional Factors: Soil quality, farming practices, 

and economic factors not considered  

iii. Climate Change: Long-term climate trends require 

continuous monitoring  

iv. Spatial Variation: Regional variations within 

Kebbi State not captured. 
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