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ABSTRACT
Globally, temperature and rainfall variability are part of the greatest socioeconomic and biophysical challenges confronting the world in the 21st century. One of the major limitations to cereals yields in Nigeria can be attributed to temperature and rainfall variability. Hence, this study assessed the effect of annual temperature and rainfall variability on cereals yield in Niger State, Nigeria. The study examined the trends in temperature, rainfall, maize and rice yield for 30 years. The study adopted expost-facto research design. Purposive sampling technique was employed to select Badeggi from Katcha LGA in Zone A, Paiko was selected in Paikoro LGA in Zone B and Wushishi from Wushishi LGA in Zone C based on the predominance of maize and rice production and concentration of smallholder farmers. Secondary data were used in this study which were temperature, rainfall, maize and rice yields obtained from Nigerian Meteorological Agency (NiMet) and Niger State Ministry of Agriculture for a period of 30years (1995 to 2024). Data were analysed using Mann-Kendall, trend chart, multiple regression, frequency and percentage. The study shows that the p-value (0.003) is less than the significant level (0.05) alpha level, implying a significant variability in the average temperature trend in the study area with a 34.26 percent increase trend of average annual temperature The study also showed that p-value (0.735) is greater than the significant level (0.05) alpha level, implying no significant variability in the average annual rainfall trend in the study area. The study also shows that p-value (0.382) is greater than the significant level (0.05) alpha level implying no significant variability in the average annual maize yield trend in the study area. Another finding of the study also show that p-value (0.061) is greater than the significant level (0.05) alpha level implying no significant variability in the average annual rice yield trend in the study area. It was recommended among others that with the fluctuating rainfall pattern government and non-governmental organisations (NGOs) should invest in small-scale and community-based irrigation schemes by digging tube wells and boreholes for cereal farmers.
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I. INTRODUCTION
Globally, climate variability is one of the greatest socioeconomic and biophysical challenges confronting the world in the 21st century (Samuel and Ikpe, 2024). As human activities are mainly responsible for climate variability and Africa contributes just a little above 3% to greenhouse gas emissions (GHG) their economies were the most hit by this menace (Komolafe et al., 2023). Climate variability has become a threat to the sustainable development of socio-economic, agricultural activities of a Nigeria and the totality of human existence (Zadawa and Omran, 2020; Rathoure and Patel, 2020). Ajiere and Weli (2018) defined climate variability as any significant change in measures of climate (such as temperature, precipitation, or wind) lasting for an extended period. Evidence of climate variability includes delayed onset date of rains, increase in number of dry days during the raining season and increase in maximum temperature (Asa et al., 2024). Hence, temperature rise is as a result of the climate variability due to global warming. These changes can affect food prices, food security, land use (Barnett, 2020; Sylvester, 2020). Adeagbo et al. (2021) added that temperature rise poses a negative impact on the maize yield when mean precipitation decreases relative to a marginal increase in mean temperature. Extreme atmospheric conditions like very high temperature and decrease rainfall can result to drought which can harm crops, prevent them from growing and reduce yields. Increasing global temperature and decrease rainfall have negative outcomes due to reduce yields in tropical regions (Angye et al., 2024). In the extreme case of temperature increase and decrease rainfall, crop production suffers the most (Didiso and Hunegnaw, 2022). Yahaya et al. (2025) asserted that Nigeria’s agricultural sector is vulnerable to the impacts of rising temperatures and decrease rainfall which severely affect crop growth and yield. Hence, temperature increase and decrease rainfall has the tendencies to impact crop production in a negative way.
Agriculture is highly dependent on climate and a critical part of the economy in Nigeria as many of the Nigerians’ population depend on it. Temperature increase is a major challenge to agricultural development with the increasingly irregular and erratic nature of weather conditions placing an additional burden on food security (Angye et al., 2024). Temperature increase can affect crops has it has the tendency to increase the population and growth of pests, insects and diseases making crop management difficult and costly. Similarly, Olumide (2024) noted that prolonged droughts can result in crop failure and yield losses, excessive rainfall can lead to waterlogging and soil erosion, changes in precipitation patterns can influence the prevalence and distribution of pests and diseases, posing additional challenges to crop production. Due to this rise in temperature and decrease rainfall, crop can loose their viability and farmers can loose their source of income. The annual variation of temperature particularly in northern Nigeria, is large and often result in climate hazards, especially droughts with devastating effects on food production and associated calamities and sufferings (Samuel and Ikpe, 2024). Ologeh and Adesina (2022) added that Nigeria is facing increasing temperature at a very rapid annual rate resulting to drastic reduction in the amount of surface water, flora and fauna resource. However, warmer temperature has varied effects on different crops, the effect of increased temperature on any particular crop will depend on the crop's optimal temperature for growth and reproduction. Due to the predominant rise of temperature and decrease rainfall in Nigeria and its effects on yield of different crops and maize is very sensitive to temperature change. This study assessed the effect of annual temperature and rainfall variability on cereals yield in Niger State. Niger State is one of the foremost agricultural states of Nigeria. The state is known for producing diversity of agricultural products such as rice, maize, sorghum, yam and other roots and tubers.
Several households in Nigeria depend on cereals most especially, maize as one of the important sources of food and nutrition. Maize is an important global staple food, more than 15 percent of global calorie intake is from maize, rice and wheat (Komolafe et al., 2023). The crop grows more quickly thereby reducing the time that seeds need to grow and mature and this can reduce yields which entails the amount of crop harvested from a given amount of land. The crop is used in various forms such as maize flour, pap, roasted corn, boiled maize, maize porridge, corn pudding, popcorn, cornflakes, corn bread and animal feed. Maize is one of the important grains in Nigeria, as it creates job opportunities and contributes to the Nigeria's economic development. Oparinde and Okogbue (2018) asserted that about 80% of maize produced is consumed by man and animals, while the remaining 20% is used in various agro-based industries where brewery for beer and malt drinks, ethanol for bio-fuel, starch and syrup for medical uses, corn sweetener, ethanol, cereal, alkaline among others are produced. Akintonde et al. (2019) also affirmed that maize has grown to be a local “cash crop” most especially in the Northern part of Nigeria where at least 30 percent of the cropland are used to cultivate maize. The crop survives with the mean daily temperature between 160C to 190C and a consistently required amount of precipitation (Riccetto et al., 2020). In Northern Nigeria, maize is produced during the main long rainy season from May to September, and a small amount is produced in the short rainy season from February to May. Despite the economic importance of maize and rice, they have not been produced in such quantity that could meet food and industrial needs of Nigeria (Samuel and Ikpe, 2024). Major maize and rice production areas have been experiencing crop yield reduction. One of the major limitations of cereals yields in Nigeria can be attributed to climate variability. Niger State, known for its agricultural economy has witnessed noticeable changes in its climatic conditions, including increased average temperatures and prolonged dry spells. These shifts have begun to disrupt traditional farming calendars, reduce soil moisture availability, and increase the incidence of pest and disease outbreaks all of which negatively impact maize production. Climate variability is increasingly affecting the livelihoods of people as they experience negative impacts of climate variability given their lack of capacity to prepare for and cope with its effects. The demand for maize and rice are increasing daily, because they are major staple food for human and animals. In view of the demand for maize, Nigeria and international bodies such as Food and Agriculture Organization (FAO) have developed interest in promoting maize production for households’ food security and poverty alleviation. However, despite the great potential of Nigeria in maize and rice production, in northern part of Nigeria where most of the maize are produced experienced frequent occurrence of drought occasioned by cessation of rain and rise in temperature during the growing season. In order to curb this menace associated with the effect of climate variability on cereals yields, adaptation strategies were expected to be adopted. Despite that studies on effect of climate variability on cereals yield have been conducted. The effect of climate variability on cereals yield differs from locations. Also, none of the reviewed studies considered the effect of annual temperature and rainfall variability on cereals yields in Niger State. Hence, this study filled in the gap by investigating the effect of annual temperature and rainfall variability on cereals yield in Niger State, Nigeria. The specific objectives are to:
i. analyse trends of temperature, rainfall, maize and rice yields in Niger State; 
ii. examine the relationship between temperature and rainfall and cereals (maize and rice) yields in Niger State.

II. RELATED WORKS 
Related literature on the effect of temperature and rainfall on maize yield showed that Coster and Adeoti (2015) used Ricardian approach to examine the effects of climate variability on maize production in Nigeria. Audu et al. (2018) studied the characteristics of annual rainfall over Guinea Savanna Zone, Nigeria. Ogunjobi (2018) assessed the impact of temperature and rainfall variability on maize production in Nigeria utilizing historical climate data and crop yield records. Ajiere and Weli (2018) assessed the impact of climate variability on crop yield using Expost-facto research. Oparinde and Okogbue. (2018) analysed climate-related risk and maize production in Southwest, Nigeria. Bamiro et al. (2020) examined the effect of climate variability on the yield for four main grain crops in Nigeria (sorghum, maize, millet and rice) over the period 1970-2014. Musa et al. (2021) examined the strength of relationship between climatic variables and yield of three major cereal crops (Rice, Maize and Guinea corn) cultivated in North Central States of Nigeria. Didiso and Hunegnaw (2022) investigated long term climatic trends evaluating the impacts specifically on Maize production and assessing adaptation strategies of the farming community in Hawassa zuria district, Sidama Regional State of Ethiopia. Ologeh and Adesina (2022) evaluated climate variability as a major determinant of crop yield improvement in Nigeria. Zhang et al. (2022) investigated the impact of climate variability on maize production based on empirical findings and implications for sustainable agricultural development in China. Ogbaji et al. (2023) investigated the impact of recent temperature and rainfall trends on farming activities in selected states in the Niger-Delta Region, Nigeria. Baffour-Ata et al. (2023) investigated the effect of rainfall and temperature variability on maize yield in the Asante Akim North District, Ghana. Muia et al. (2024) analysed annual, seasonal, and monthly rainfall and temperature (minimum and maximum) trends in Makueni County from 1991 to 2020 using the Mann–Kendall (MK) trend test and Theil-Sen’s slope estimator. Angye et al. (2024) evaluated the impact of climate variability on maize yield in Wukari Local Government Area, Taraba State, from 1999 to 2018. Utilising an ex-post facto and analytical design. Oladitan and Emiola (2024) assessed the influence of climatic variable patterns on maize yield using secondary climatic data of Ondo state from 2000 -2024 and yearly yield data of maize from Agricultural Development Programme. Olumide (2024) investigated the effect of climate variability on crop yields in Nigeria using a desk methodology. Yahaya et al. (2025) carried out planting, weather and cultivar sensitivity analysis using Decision Support System for Agrotechnology Transfer (DSSAT) latest version 4.8.2 in Savanna and Sahel climate regions of Nigeria and also forecast yield up to 2100. From the literature review, there are researches on the impacts of climate variability on maize farming but none of the study considered the effect of climate variability on cereal yields in Niger State. This study, therefore, addressed this research gap by assessing the effect of annual temperature and rainfall variability on cereal yields in Niger State.

III. MATERIALS AND METHODS
The following research questions were raised and answered in this study:
(a). What are the trends of temperature, rainfall, maize and rice yields in Niger State?
(b). What is the relationship between temperature and rainfall and cereals (maize and rice) yields in Niger State?
Niger State, located at North Central geo-political zone of Nigeria is one of the 36 states of Nigeria created on 3rd February 1976 out of the defunct North Western state. Administratively, the State comprises of 25 Local Government Areas with Minna as the capital. The LGAs are grouped into three Administrative Zones: A, B and C with 8, 9 and 8 Local Government Areas respectively. Each LGA is subdivided into districts and the districts are further subdivided into 274 wards and villages. Geographically, Niger State lies between latitude 8020' - 11030' N and Longitude 3030'- 7020'E. It shares boundaries borders with republic of Benin (West), Zamfara State (North), Kebbi (North-West), Kogi (South), Kwara (South West), Kaduna (North-East) and the FCT (South-East).  The state is one of the largest states in Nigeria covering about 86,000km2 (or about 8.6million hectares) representing about 9.3% of the total land area of the Country. The state’s major rivers are: Niger, Kaduna, Gbako, Eko, Gurara, Ebba, Ega, Mariga and their tributaries. The State is the largest in the country in terms of landmass (about 10% of the country's total) with a total land area of 76,363 km2 (over 7.8 million hectares). Map of Niger State showing the study area is presented in figure 1. The study adopted expost-facto research design. An expost-facto research design is associated with the use of secondary data to understand the effect of a variable on another variable. Since data for rainfall, temperature, rice and maize yields were obtained from Nigerian Meteorological Agency (NiMet) for a period of 30years and Niger State Ministry of Agriculture also for a period of 30 years to assess the effects of temperature rise on maize yields. Hence, expost-facto research was considered appropriate for this study. Secondary data on temperature, rainfall, maize and rice yields were obtained from Nigerian Meteorological Agency (NiMet) and Niger State Ministry of Agriculture for a period of 30years (1995 to 2024). Data for the study were collected from the three zones in Niger State. Purposive sampling technique was employed in the study. 
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Figure 1: Map of Niger State showing the study area (Geography Department, Federal University of Technology Minna, Niger State)

Firstly, one Local Government Area (LGA) was selected from each zone purposefully based on the predominance of maize and rice production and concentration of smallholder farmers in the area. The selected LGAs are Katcha, Paikoro and Wushishi. Purposive sampling technique was used to select Badeggi from Katcha LGA in Zone A, Paiko were selected in Paikoro LGA in Zone B and Wushishi from Wushishi LGA in Zone C. Secondary data on temperature, rainfall, maize and rice yields of Badeggi, Paiko and Wushishi LGA in Niger State were obtained from Nigerian Meteorological Agency (NiMet) and Niger State Ministry of Agriculture for a period of 30years were analysed using Mann-Kendall and presented in tables and trend graph for research question one and derived data were analysed using multiple regression analysis and graphically using multiple line graph for research question two.

IV. RESULTS AND DISCUSSION 
The data collected from NiMet and Niger State Ministry of Agriculture were analysed and presented thus:

A. Analysis of Temperature, Rainfall, Maize and Rice Yields Trends from 1995 to 2024 in the Study Area 
Mann-Kendall analysis of temperature, rainfall, maize and rice yields trends from 1995 to 2024 in the study area is presented in Table 1.

Table 1: Mann-Kendall Analysis of Temperature, Rainfall, Maize and Rice Yields Trends from 1995 to 2024 in the Study Area 
	Parameters
	Mann-Kendall stat (S)
	Mann-Kendall stat (Z)
	Kendall’s           tau
	P-value (two tailed)
	Alpha level
	Trend

	Temperature (1995-2024)
	167
	2.9714
	0.391
	0.003
	0.05
	Increasing

	Annual Rainfall (1995-2024)
	19
	0.3213
	0.044
	0.735
	0.05
	No significant 

	Maize Yield (1995-2024)
	-50
	-0.875
	-0.115
	0.382
	0.05
	No significant 

	Rice Yield (1995-2024)
	-106
	-1.874
	-0.244
	0.061
	0.05
	No significant 


(NiMet and Niger State Ministry of Agriculture, 2025)

Table 1 shows Mann-Kendall analysis of temperature, rainfall, maize and rice yields trends from 1995 to 2024 in the study area. From the table, temperature Mann-Kendall positive value indicated an upwardly and increasing trend over time which is in accordance to the result of Ajiere and Weli (2018) whose results showed that there had been a steady but gradual increase in the mean temperatures over the study period of thirty years. Also, Ogbaji et al. (2023) revealed an upward trend of temperature. In the same vein, Baffour-Ata et al. (2023) result revealed a significant temperature rise. The table also shows that the p-value (0.003) is less than the significant level (0.05) alpha level, this implies that there is a significant variability in the average temperature trend in the study area. The result of the table also shows a significant increase in the average temperature trend in the study area. 
The Mann-Kendall result from table 1, shows a positive insignificant trend of average annual rainfall in the study area. The table also shows that rainfall Mann-Kendall positive value indicated an upwardly and increasing trend over time. In agreement, Didiso and Hunegnaw (2022) showed that long-term data records show that, rainfall increased annually over the past 33 years. However, Ajiere and Weli (2018) results showed that rainfall is decreasing in their study. The table shows that p-value (0.735) is greater than the significant level (0.05) alpha level, this implies that there is no significant variability in the average annual rainfall trend in the study area. Baffour-Ata et al. (2023) result revealed an increasing insignificant rainfall pattern. Also, Ogbaji et al. (2023) revealed an upward trend of rainfall across the study area. Hence, there is an increasing insignificant trend of average annual rainfall in the study area.
Furthermore, the table shows that maize yield Mann-Kendall negative value indicated a decreasing trend over time. The table shows that p-value (0.382) is greater than the significant level (0.05) alpha level, this implies that there is no significant variability in the average annual maize yield trend in the study area. Hence, there is a decreasing insignificant trend of average annual maize yield in the study area. Also, the table shows that rice yield Mann-Kendall negative value indicated a decreasing trend over time. The table shows that p-value (0.061) is greater than the significant level (0.05) alpha level, this implies that there is no significant variability in the average annual rice yield trend in the study area. Hence, there is a decreasing insignificant trend of average annual rice yield in the study area.

B. Analysis of Temperature Trends from 1995 to 2024 in the Study Area 
The chart trend of temperature from 1995 to 2024 in the study area is presented in Figure 2. The chart trend of temperature showed a fluctuating trend mean temperature in the study area. In accordance to the result, Oladitan and Emiola (2024) trend analysis indicated a fluctuations in temperature. From the trend chart, it could be observed that the year 1995 had an average temperature of 30.500C. Compared to 1995, there was a slight temperature decline to 30.120C in the year 1996. In comparison to the previous year, the years 1997 and 1998, recorded a slight temperature increase to 31.400C and 32.990C respectively. However, the year 1999 experienced a slight temperature decline to 31.500C. A steady temperature increase was recorded to 31.890C, 33.100C and 33.300C for the year 2000, 2001 and 2022. An average temperature decline to 31.390C was observed in the year 2003 which increased to 33.30C in the year 2004. Compared to the 2004, in 2005, a decline to 31.39 was observed which rose to an average of 32.900C in the year 2006. The average temperature also increased to 33.300C in the year 2007 but declined to 32.890C in the year 2008 but increased to 33.700C in the year 2009. In the year 2010, the average temperature decreased to 30.790C. 
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Figure 2: Chart Trend of Temperature from 1995 to 2024 in the Study Area (NiMet, 2025)

From the trend chart, an increased average temperature to 33.450C was observed in the year 2011 but slightly decreased in the year 2012 to 33.100C. An increased was observed in the year 2013 and 2014 to 33.500C and 33.890C respectively, but slightly declined in the year 2015 to 33.300C but increased in the year 2016 to 34.990C and decreased in the 2017 to 33.200C. The trend graph also showed a decreased temperature from the year 2018 to 2020 at 33.100C, 32.900C, 32.300C respectively. There was a slight increase in the year 2021 to 33.500C which also increased in the year 2022 to 34.500C but declined to 33.500C and 32.400C in the year 2023 and 2024 respectively. The highest annual temperature in the study area was 34.990C recorded in the year 2016. The value of r2 in the trend equation indicates a 34.26 percent increase trend of average annual temperature. 

C. Analysis of Rainfall Trends from 1995 to 2024 in the Study Area 
[image: ]The chart trend of rainfall from 1995 to 2024 in the study area is presented in Figure 3.
Figure 3: Chart Trend of Rainfall from 1995 to 2024 in the Study Area (NiMet, 2025)

The chart trend plot in figure 3 showed a fluctuating trend mean rainfall in the study area. In line with this finding, Audu et al. (2018) result revealed alternate upward and downward trends as well as a general upward trend in recent years. Similarly, Oladitan and Emiola (2024) trend analysis indicated a fluctuations in rainfall. From the trend chart, it could be observed that from the period of 1995 to 1998 recorded a decreasing trend in average rainfall at 117.26mm for the year 1999, 99.48mm for the year 1996, 93.65mm for the year 1997 and 99.49mm for the year 1998. The year 1998 experienced a slight increase in the average annual rainfall in the study area, recorded at 117.26mm. In 2000, a decline was observed at 95.83mm which rose to an average of 108.33mm in the year 2001. The average rainfall also decline to 96.00mm in the year 2002 but increased to 108.33mm in the year 2003. From 2004 to 2006, a decrease in the average annual rainfall was experienced at 83.42mm, 91.67mm and 92.17mm respectively. From the trend chart, it could be observed that a significant increase in average annual rainfall in the year 2007 to 2010 coursed an upward shift in the trend plot, as the average annual rainfall for these years were recorded at 116.75mm, 115mm, 115.08mm and 114.58mm respectively. This increase was however temporary as a decline in average annual rainfall was experienced in the year 2011. During this year, average annual rainfall was recorded at 91.75mm. 
From the table, a significant increase in average annual rainfall was recorded in the year 2012 with an upward shift in the trend plot, as the average annual rainfall was recorded at 125mm. However, this increase was temporary as a decline in average annual rainfall was experienced in the year 2013 and 2014 with an average rainfall recorded at 86.67 and 83.33 respectively which increased to 102.67 in 2015. In the year 2016 and 2017, a decrease in the average annual rainfall was experienced with average annual rainfall was recorded at 95.92mm and 91.67mm respectively. From year 2018 to 2021, increased average annual rainfall were recorded at 95.92mm, 100.00mm, 118.33mm and 129.75mm respectively. However, a steady average annual rainfall decreased were experienced from 2022 to 2024. Within these three years, average annual rainfall were recorded at 109.92mm, 105.25mm and 101.67mm respectively. The highest average annual rainfall in the study area was 129.75mm recorded in the year 2021. The value of r2 in the trend equation indicates a variation in trend of average annual rainfall at 1 percent. In accordance to this result, Angye et al. (2024) revealed that, there was an almost uniform but increasing trend in average annual rainfall. 

D. 	Analysis of Maize Yield Trends from 1995 to 2024 in the Study Area 
The chart trend of maize yields is presented in Figure 4.
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Figure 4: Chart Trend of Maize Yields from 1995 to 2024 in the Study Area (Niger State Ministry of Agriculture, 2025)

The trend of maize yield in the study area shows a steady rise in the yield of maize from 30.13 thousand tonnes in 1995 to a 36.4 thousand tonnes in 1997 which declined tremendously to 27.1 thousand tonnes in 1998 and a sharp increase occurred during the year 1999 and 2000 to 36.93 and 35.9 thousand tonnes respectively. There was a sharp decrease in 2001 to 29.8 thousand tonnes, a steady increase in 2002 to 33.5 thousand tonnes and in 2003 to 35.9 thousand tonnes. After which a slight decrease was recorded in the year 2004 to 34.7 thousand tonnes with a drastic increase in the year 2005 to 40.84 thousand tonnes. In the year 2006, there was a decline to 34.1 thousand tonnes which increased steadily to 39.8 thousand tonnes in 2009. From the year 2006 to 2019 there was an undulating maize yield with rise and fall output. A slight increase was recorded in the year 2020 with a steady decline from the year 2021 to 2023 with an increase in the year 2024. From the trend chart, the value of r2 in the trend equation indicates a decrease in trend of average annual maize yield at 4.74 percent. However, this result disagree with that of Angye et al. (2024) whose study revealed that, maize yield showed an increasing trend. Hence, there is an insignificant decrease in the trend of average annual maize yield in the study area.

E. Analysis of Rice Yields Trends from 1995 to 2024 in the Study Area 
The chart trend of rice yields from 1995 to 2024 in the study area is presented in Figure 5.
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Figure 5: Chart Trend of Rice Yields from 1995 to 2024 in the Study Area (Niger State Ministry of Agriculture, 2025)

The trend of rice yield in the study area shows a steady rise in output from 30.89 thousand tonnes in 1995 to a high peak of 39.8 thousand tonnes in 1997 which declined to 32.22 thousand tonnes in 1998 and a slight decline in the year 1999 to 30.34 thousand tonnes and 30.63 thousand tonnes in the year 2000 with a decrease to 28.67 in 2001. There was a decline in 2002 to 23.87 thousand tonnes, an increase was observed in the year 2003 to 29.10 thousand tonnes. A steady decrease was observed from the year 2004 to 2008 with a slight increase to 20.1 thousand tonnes in the year 2009. A rise was observed in the rice yields in the year 2010 to 28.9 thousand tonnes which decline to 20.9 thousand tonnes in the year 2011 after which a sharp increase was recorded in the year 2012 which declined steadily from the year 2013 to the year 2016. From the year 2017 to 2020, there was an undulating rice yield with minimal rise and fall. A drastic increase was recorded from the year 2021 with a slight decrease in 2022 which slightly increase in 2023 but declined in the year 2024. From the trend chart, the value of r2 in the trend equation indicates a variation in trend of average annual rice yield at 6.88 percent. Hence, there is an insignificant decrease in the trend of average annual rice yield in the study area.

F. Examining the Relationship between Temperature and Rainfall and Cereals (Maize and Rice) Yields in Niger State
[image: ]The relationship between temperature and rainfall and cereals (maize and rice) yields in the study area is presented in Figure 6. 
Figure 6: Rrelationship between Temperature and Rainfall and Cereals (maize and rice) yields in the Study Area (NiMet and Niger State Ministry of Agriculture, 2025)

Figure 5 shows the relationship that exists between temperature, rainfall and yearly maize and rice yields between 1995 and 2024. The study area witnessed various degrees of fluctuations in rainfall. The rainfall was highest in 2021 and highest average annual temperature was in the year 2016. The significant fluctuations in rainfall have different impacts on the crop yields of the study area. For example, rainfall decline recorded from 1995 to 1997 with decreased temperature led to increased maize and rice yields. In 2016 and 2017, decreased increase in rainfall and increased temperature were recorded with decreased maize and rice yields were recorded. The past four years recorded a decreased annual rainfall, increased temperature with decreased maize and rice yields. This change of annual rainfall and temperature pattern affects the yields of maize and rice. 

G. Examining the Effect of Temperature and Rainfall on Maize yields in Niger State
The relationship between temperature and rainfall and maize yields in the study area was analysed using multiple regression as shown in Table 2.

Table 2: Model Summary
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.451
	.203
	.144
	5.11590

	a. Predictors: (Constant), Mean Temperature 0C, Mean Rainfall (mm)


(Authors, Fieldwork 2025)
Table 2 shows the model summary on the effect of rainfall and temperature on the maize yields in the study area. The table shows that the predictors (rainfall and temperature) together produced an r2 coefficient of 0.203 revealing that there is a weak correlation between rainfall, temperature, and maize yield. Also, the combine effects of both rainfall and temperature on maize yields produced an r of 0.451. This signifies that rainfall and temperature can only explain 45.1% of maize yields in the study area, leaving the other 54.9% to other climatic elements, soil types, farming techniques applied, and maize species used which are not considered in this study. Also, Musa et al. (2021) result shows weaker relationships between maize yield and climatic variable. Ajiere and Weli (2018) results also showed that multiple regression model showed r2 values of 0.28 for maize by rainfall and temperature in the state. The analysis of variance (ANOVA) on the effect of annual temperature and rainfall on maize yield is presented in Table 3.

Table 3: Regression ANOVA Testing of Overall Model Fitness
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	180.021
	2
	90.011
	3.439
	.047b

	
	Residual
	706.655
	27
	26.172
	
	

	
	Total
	886.676
	29
	
	
	


(Authors, Fieldwork 2025)

Table 3 shows that the model is significant at F (3.439) = p (0.47) < (0.05). This shows that maize yield in the study area significantly depends on rainfall and temperature. The regression coefficient of maize yields in the study area is presented in Table 4.

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	104.706
	29.686
	
	3.527
	.002

	
	Mean Rainfall (mm)
	-.006
	.078
	-.013
	-.077
	.940

	
	Mean Temperature 0C
	-2.177
	.836
	-.452
	-2.603
	.015


Table 4: Regression Coefficient of Maize Yields in the Study Area 
(Authors, Fieldwork 2025)

Table 4 reveals that the effect of temperature and rainfall on maize yields in the study area over the period of 30 years (B = -0.013, t = -.0.77, p (.940)>0.05) indicating no significant rainfall effect and (B = -0.452, t = -.2603, p (0.015)<0.05) indicating a significant temperature effect. The negative standardise t coefficients revealed a negative negligible effect of rainfall on maize yields in the study area and significant negative effect of temperature on maize yields in the study area. The table also revealed that an increased in temperature will cause a decrease of 45.2 unit of maize yield. In agreement, Coster and Adeoti (2015) result showed that climate variability have negative impact on maize net revenue in the future. Also, Angye et al. (2024) revealed a non-significant weak negative relationship between rainfall variability and maize yield. Similarly, Oladitan and Emiola (2024) correlation analysis revealed a non-significant negative relationship between maize yield and rainfall. Although, Zhang et al. (2022) result show that temperature and precipitation have a positive impact on maize output. Also, Eze et al. (2022) result revealed that changes in climatic events such as temperature and rainfall significantly affect the yield of crops. Baffour-Ata et al. (2023) reported increasing annual rainfall and temperature patterns significantly affect maize yield positively. Similarly, Angye et al. (2024) revealed a significant moderate positive relationship between average temperature and maize yield. Hence, this study revealed a negative negligible effect of rainfall on maize yields and significant negative effect of temperature on maize yields in the study area.

H. Examining the Effect of Temperature and Rainfall on Rice yields in Niger State
The relationship between temperature and rainfall and rice yields in the study area was analysed using multiple regression as shown in Table 5.

Table 5: Model Summary
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.458a
	.209
	.151
	5.01902

	a. Predictors: (Constant), Mean Temperature 0C, Mean Rainfall (mm)


(Authors, Fieldwork 2025)

Table 5 shows the regression analysis on the effect of rainfall and temperature on the rice yields in the study area. The table shows that the predictors (rainfall and temperature) together produced an r2 coefficient of 0.151 revealing that there is weak correlation between rainfall, temperature, and rice yields. Also, the combine effects of both rainfall and temperature on rice yields produced an r of 0.458 which signifies that rainfall and temperature can account for 45.8% of rice yields in the study area, leaving the other 54.2% to other conditions and attributes which are not considered in this study. The regression ANOVA testing of overall model fitness is presented in Table 6. 

Table 6: Regression ANOVA Testing of Overall Model Fitness
	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	180.206
	2
	90.103
	3.577
	.042b

	
	Residual
	680.145
	27
	25.191
	
	

	
	Total
	860.351
	29
	
	
	


(Authors, Fieldwork 2025)

Table 6 shows that the model is a significant at F (3.577) = p (0.042) < (0.05). This shows that rice yield in the study area significantly depends on rainfall and temperature. In addition, Olumide (2024) finding revealed that climate variability in Nigeria has caused declining cereals yield. Also, Yahaya et al. (2025) study revealed that change in mean temperature has significant impact on maize yield. The regression coefficient of rice yields in the study area in the study area is shown in Table 7.

Table 7: Regression Coefficient of Rice Yields in the Study Area 
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.

	
	B
	Std. Error
	Beta
	
	

	1
	(Constant)
	94.059
	29.124
	
	3.230
	.003

	
	Mean Rainfall (mm)
	.023
	.076
	.053
	.306
	.762

	
	Mean Temperature 0C
	-2.117
	.820
	-.447
	-2.581
	.016


(Authors, Fieldwork 2025)

Table 7 reveals that the effect of rainfall is not significant on rice yields over a period of 30 years (B = 0.053, t = .0306, p (.762)>0.05) and the effect of temperature is significant on rice yields over a period of 30 years (B = -0.447, t = -2.581, p (.016)<0.05. The table revealed that an increased in temperature will cause a decrease of 44.7 unit of rice yield. In correlation, Ologeh and Adesina (2022) study revealed that in the past yearly rainfall value has no influence on annual crop yield. The study concluded that the effect of rainfall is negligible on rice yields over a period of 30 years and the effect of temperature is significant on rice yields over a period of 30 years, an increased in temperature will cause a decrease of 44.7 unit of rice yield.

I. Summary of Findings
Table 1 shows an upwardly and increasing temperature rend over time, a significant increase in the average temperature trend in the study area. The table also shows a positive insignificant trend of average annual rainfall in the study area. The table also shows an upwardly and increasing rainfall trend over time. The result from the table shows a positive insignificant trend of average annual rainfall in the study area. Furthermore, the table shows a negative insignificant trend of average annual maize yield in the study area. Also, the table shows a negative insignificant trend of average annual rice yield in the study area. The chart trend of temperature in Figure 1 showed a fluctuating trend mean temperature in the study area. It also showed that the highest annual temperature in the study area was 34.990C recorded in the year 2021. The value of r2 in the trend equation indicates a variation in trend of average temperature at 34.26 percent. Also, the chart trend plot in Figure 2 showed a fluctuating trend mean rainfall in the study area. The value of r2 in the trend equation indicates a variation in trend of average annual rainfall at 1 percent. 
The trend chart of maize yields in Figure 3 indicates a decrease in trend of average annual maize yield at 4.74 percent. The trend of rice yield in the study area shows a steady rise which indicates a variation in trend of average annual rice yield at 4.84 percent. Hence, there is an insignificant decrease in the trend of average annual maize yield in the study area. Table 2 shows that the predictors (rainfall and temperature) together produced an r coefficient of 0.451 and the combine effects of both rainfall and temperature on maize yields produced an r2 of 0.203. This signifies that rainfall and temperature can only explain 20.3% of maize yields in the study area. The negative standardized t coefficients in table 4 revealed a negative negligible effect of rainfall on maize yields in the study area and significant negative effect of temperature on maize yields in the study area. 

V. CONCLUSION
The effect of annual temperature and rainfall variability on climate variability on cereals yields in Niger State was investigated.  The study also examined the statistical relationships between annual temperature and rainfall and cereals crop yields. The study concluded that the study area has become progressively warmer over the past three decades. In contrast, rainfall exhibited an upward but statistically insignificant trend. Maize and rice yields displayed negative but insignificant long-term trends, suggesting that although yields fluctuated considerably, these changes were not statistically strong enough to indicate a long-term decline. The study revealed that the effect of rainfall is negligible on maize and rice yields and the effect of temperature is significant on maize and rice yields over a period of 30 years in the study area. Based on the findings of the study, the following were recommended; with the fluctuating rainfall pattern government and non-governmental organisations (NGOs) should invest in small-scale and community-based irrigation schemes by digging tube wells and boreholes for cereal farmers. Agricultural agencies should ensure farmers have access to improved and climate-resilient seed varieties, drought-tolerant, early-maturing, and pest-resistant maize and rice varieties. This study provides three decades of updated empirical evidence on temperature and rainfall trends in Niger State, revealing a statistically significant increase in temperature and an insignificant but upward rainfall pattern. The findings reinforce climate change projections for Northern Nigeria and highlight the urgent need for temperature-targeted adaptation interventions. The novel insight into the weak statistical link between climate variability and cereals yield shows that rainfall and temperature account for only 45.1% of maize yield variation and 45.8% of rice yield variation. This challenges common assumptions that climate variables alone are primary yield determinants in Niger State. It underscores the importance of non-climatic factors such as soil fertility, input use, seed quality, and farm management in productivity. Policymakers must therefore design integrated interventions that combine climate strategies with agronomic improvements. 
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