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Background:
Agricultural development and food sustainability in Niger State, Nigeria, are increasingly threatened by the combined effects of climate variability and persistent security challenges. While farmer–herder conflicts are widely regarded as the primary drivers of food insecurity in the region, empirical evidence distinguishing the relative impacts of insecurity and long-term climatic fluctuations remains limited.

Methods:
This study employed a mixed-methods approach integrating primary and secondary data. Structured questionnaires were administered to 1,000 respondents, including farmers, extension workers, and agricultural stakeholders. Secondary data comprised rainfall, temperature, and humidity records (1971–2024), as well as yield data for eight major crops obtained from the Niger State Agricultural Mechanization Development Authority (NAMDA). Regression and correlation analyses were conducted to assess the relationship between climatic variables and crop production.

Results:
Findings indicate that banditry (40.2%) and terrorism (20.9%) are the dominant security threats affecting agricultural activities, with food production reduction (34.4%) identified as the principal consequence. However, regression results reveal that climate variability exerts a more systematic influence on crop yields. Maximum temperature increases cotton production (1.6%), whereas minimum temperature reduces it (−0.6%). Rainfall and temperature negatively affect sugarcane yields, while minimum temperature positively influences rice and sorghum production. Soybean and melon production show strong negative sensitivity to rainfall and temperature variability. Correlation analysis confirms the predominantly adverse effects of climatic fluctuations.

Conclusion:
The study demonstrates that climate variability poses a more consistent and measurable threat to agricultural productivity than insecurity alone. Strengthened dissemination of meteorological forecasts and enhanced extension services are recommended to promote climate-resilient agricultural planning and sustainable food systems.
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Introduction:
Agricultural development remains foundational to rural livelihoods, economic growth, and food sustainability in sub-Saharan Africa, particularly in Nigeria where agriculture employs the majority of the rural workforce and contributes substantially to gross domestic product and household food security [1]. Despite its significance, the sector faces mounting challenges from both climatic stressors and human-induced disruptions. Climate variability manifested through erratic rainfall, prolonged drought spells, heat stress, and increased incidence of extreme weather disrupts crop phenology, reduces soil moisture availability, and alters pest and disease dynamics, thereby undermining crop yields and contributing to rural livelihood instability [2, 3]. In Nigeria’s predominantly rain-fed agricultural landscape, the inability of smallholder farmers to anticipate and adapt to these climatic fluctuations exacerbates vulnerability to food insecurity and heightens exposure to seasonal and chronic hunger [3].
Simultaneously, insecurity challenges including banditry, terrorism, and farmer–herder conflicts pose significant threats to agricultural productivity and food systems. Empirical evidence indicates that both the incidence and severity of farmer–herder conflicts significantly increase food insecurity by limiting farm access, reducing agricultural labour supply, and disrupting livelihood strategies in rural communities [4]. In Taraba State, conflict involvement was found to significantly influence food security status among both crop farmers and herders, with insecurity emerging as a major constraint to agricultural development [5]. Conflict also contributes to displacement, loss of productive assets, and reduced economic investment in the agricultural sector, compounding the effects of environmental stressors on rural households [6].
The interplay between climatic and security threats creates a compounded vulnerability loop whereby climate shocks can intensify competition over scarce natural resources, thus escalating conflict risks, while insecurity restricts farmers’ adaptive capacity and access to climate information and inputs. Despite these intersecting pressures, there remains a paucity of integrated research that quantitatively assesses and compares the relative impacts of climate variability and security challenges on agricultural productivity and food sustainability over long temporal scales. Addressing this gap is crucial for evidence-based policy, as recent food security reports warn that conflict and extreme weather are driving hunger across West and Central Africa, including Nigeria, with millions displaced or facing acute food insecurity [7].
This study contributes to this emerging field by combining longitudinal climatic records (1971–2024), crop yield data, and large-scale primary survey evidence to evaluate the extent to which climatic variability and insecurity individually and jointly influence agricultural development and food sustainability in Niger State. The findings aim to inform climate-resilient and conflict-sensitive agricultural policies that strengthen the resilience of rural farming communities to current and future shocks.

Materials and Methods
Study Area	Comment by DR.SALISU IBRAHIM: State the specific climatic variables and the coordinates of the study area.
The study was conducted in Niger State, Nigeria, one of the largest agrarian states in the country, characterized by a tropical continental climate with distinct wet and dry seasons. The state lies within the Guinea and Sudan savannah agro-ecological zones and is highly dependent on rain-fed agriculture. Major crops cultivated include rice, sorghum, soybean, cassava, groundnut, melon, sugarcane, and cotton. The region has experienced increasing climatic variability and rising insecurity over the past two decades, affecting agricultural productivity and rural livelihoods [8, 9].

Research Design
A mixed-methods research design was adopted, integrating quantitative and qualitative approaches to provide a comprehensive assessment of the impacts of climate variability and security challenges on agricultural development and food sustainability. Mixed-methods approaches enhance robustness by triangulating statistical evidence with lived experiences and community perceptions [10].

Data Sources

Primary Data
Primary data were obtained through:

1. Structured Questionnaires:
A total of 1,000 questionnaires were randomly administered across sixteen (16) Local Government Areas (LGAs), with two LGAs representing each of the eight major crops cultivated in the state. Respondents included farmers, agricultural extension officers, NGOs involved in agricultural development, and other relevant stakeholders. A total of 694 questionnaires were retrieved, representing a response rate of 69.4%.

2. Focused Group Discussions (FGDs):
FGDs were conducted in two farming communities per selected LGA. Each group consisted of 10–15 participants selected purposively to ensure representation of youths, women, middle-aged farmers, and elders. FGDs explored perceptions of climate change, insecurity, and impacts on crop production. The method was particularly suitable given low literacy levels and strong oral traditions in rural communities [11].

Secondary Data
Secondary data comprised:
· Climatic data (1971–2024):
· Rainfall (mm)
· Maximum and minimum temperature (°C)
· Relative humidity (%)
These data were obtained from the Nigerian Meteorological Agency (NiMet) and the National Cereals Research Institute (NCRI), Bida.

· Crop yield data (10-year period):
Yield records for rice, sorghum, soybean, cassava, groundnut, melon, sugarcane, and cotton were obtained from the Niger State Agricultural Mechanization Development Authority (NAMDA).
Long-term climatic datasets are widely recommended for detecting variability and trend impacts on agricultural systems [12].

Sampling Technique
A random sampling technique was used in questionnaire administration to ensure broad representation across dispersed rural settlements. For FGDs, purposive sampling was employed to capture participants with relevant agricultural experience and local ecological knowledge.

Data Analysis
Descriptive Statistics
Descriptive statistics (frequency distributions, percentages, and tables) were used to analyze socio-demographic characteristics, perceived insecurity drivers, and reported impacts on agricultural production.

Climate Data Processing
Mean annual rainfall, temperature, and humidity were computed to establish long-term variability patterns. Climatic trends were assessed using time-series descriptive analysis consistent with established climatological approaches [13].

Regression Analysis
Multiple linear regression analysis was used to examine the influence of climatic variables on crop yield. The general functional form is:	Comment by DR.SALISU IBRAHIM: I suggest you include more climatic variables in the model to have a better results. Limiting the analysis to only three variables is not scientific
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Where:
· Y = Crop yield (dependent variable)
· X1​ = Rainfall
· X2​ = Maximum temperature
· X3​ = Minimum temperature
· a = Intercept
· b,c,d = Coefficients
· ε = Error term
Regression modeling is widely applied in climate–agriculture impact studies to quantify marginal effects of climatic variables on yield outcomes [14].

Correlation Analysis
Pearson’s correlation coefficient was used to determine the strength and direction of linear relationships between climatic variables and crop production: 
[image: ]	Comment by DR.SALISU IBRAHIM: Define the variables in the model
Correlation analysis provides complementary validation of regression findings and confirms consistency in climate–yield relationships [15].
Analytical Framework
The study adopts a climate–security–agriculture nexus framework, recognizing that climate variability and insecurity may independently and interactively influence agricultural productivity and food sustainability [16]. This framework enables comparison of the relative magnitude of climatic versus insecurity-related drivers.
Ethical Considerations
Participation was voluntary. Respondents were informed about the study objectives, and verbal consent was obtained prior to questionnaire administration and FGDs. Anonymity and confidentiality were maintained throughout data processing.
 
Results
4.1 Socio-Economic Characteristics of Respondents
Out of the 1,000 questionnaires administered, 694 were retrieved (69.4% response rate). The majority of respondents were smallholder farmers engaged primarily in rain-fed agriculture. Most respondents had over 10 years of farming experience, indicating adequate exposure to long-term climatic and security changes in the study area.

4.2 Perceived Security Challenges Affecting Agricultural Development
Respondents identified multiple security threats affecting agricultural activities. Banditry and terrorism were reported as the most significant threats across the study area.
Table 1. Major Security Challenges Affecting Agricultural Development in Niger State

Distribution of respondents’ perceptions of dominant security threats affecting agricultural development.

	Security Challenge
	Frequency (n=694)
	Percentage (%)

	Banditry
	279
	40.2

	Terrorism
	145
	20.9

	Farmer–Herder Clashes
	112
	16.1

	Kidnapping
	89
	12.8

	Armed Robbery
	69
	10.0

	Total
	694
	100.0


Percentages are based on total valid responses (n = 694). Banditry accounted for 40.2% of responses, followed by terrorism (20.9%), indicating that insecurity in the study area is increasingly linked to organized armed violence rather than solely farmer–herder conflicts.

4.3 Perceived Causes of Insecurity Affecting Agriculture

Table 2. Perceived Causes of Insecurity Affecting Agricultural Development

Respondents’ assessment of major underlying causes of insecurity affecting agriculture.
	Cause
	Percentage (%)

	Terrorism
	22.9

	Climate Variability
	22.3

	Competition over Resources
	18.7

	Poverty and Unemployment
	16.5

	Political Instability
	11.4

	Other Factors
	8.2



Terrorism (22.9%) and climate variability (22.3%) were perceived as leading drivers of insecurity-related agricultural disruptions. Multiple responses were allowed.

4.4 Impacts of Insecurity on Agricultural Development
The most significant reported impact was reduction in food production (34.4%).

Table 3. Impacts of Insecurity on Agricultural Development

Major agricultural impacts attributed to insecurity across the study area.
	Impact
	Percentage (%)

	Reduction in Food Production
	34.4

	Restricted Farm Access
	21.7

	Loss of Farm Assets
	18.6

	Displacement of Farmers
	15.3

	Increased Production Costs
	10.0



Values represent proportion of respondents identifying each impact.

4.5 Effects of Climate Variability on Crop Production
Respondents reported multiple climate-related effects, with severe storms and reduced crop yields ranking highest.
Table 4. Reported Effects of Climate Variability on Agriculture
Perceived effects of climate variability on agricultural productivity
	Climate Impact
	Percentage (%)

	Severe Storms
	18.2

	Reduced Crop Yield
	15.9

	Increased Pest Infestation
	14.1

	Changes in Water Availability
	13.3

	Prolonged Dry Spells
	12.6

	Flooding
	11.4

	Heat Stress
	8.5

	Others
	6.0



Multiple responses allowed.	Comment by DR.SALISU IBRAHIM: Include Asteric (*) before the text

4.6 Regression Analysis of Climate Variables and Crop Yield
Multiple linear regression results indicate heterogeneous crop responses to climatic variables.

Table 5. Summary of Regression Results for Major Crops
Elasticity estimates from multiple regression analysis of climatic variables on crop yields.

	Crop
	Rainfall (%)
	Max Temp (%)
	Min Temp (%)
	R² (%)

	Cotton
	+0.12
	+1.60*
	−0.60
	78.4

	Sugarcane
	−0.13*
	−0.21
	−0.18
	72.6

	Rice
	+0.09
	+0.11
	+0.34*
	69.5

	Sorghum
	+0.05
	+0.08
	+0.27*
	74.2

	Soybean
	−0.41
	−0.36
	−0.29
	91.2

	Melon
	−0.48
	−0.39
	−0.32
	93.4

	Cassava
	−0.07
	−0.12
	−0.04
	66.3

	Groundnut
	−0.15
	−0.19
	−0.11
	71.8


Coefficients represent percentage change in yield for 1% change in climatic variable.
Significant at 5% level. R² indicates explanatory power of the regression model.
Key findings include:
· A 1% increase in maximum temperature increases cotton yield by 1.6%.
· A 1% increase in minimum temperature increases rice yield by 0.34%.
· Rainfall has a statistically significant negative impact on sugarcane yield (−0.13%).
· Soybean and melon production exhibit strong negative sensitivity to climatic variability, with high explanatory power (R² = 91.2% and 93.4%, respectively).

4.7 Correlation Analysis
Correlation analysis confirms predominantly negative associations between rainfall variability and crop yields, particularly for soybean (r = −0.71) and melon (r = −0.76), indicating strong inverse relationships. Positive correlations were observed between minimum temperature and rice (r = 0.42) and sorghum (r = 0.38).

4.8 Comparative Influence: Climate Variability vs. Insecurity
While insecurity significantly affects farm access and food production, regression and correlation evidence demonstrate that climate variability exerts a more consistent and measurable impact on crop yield fluctuations across most crops studied. The findings therefore suggest that climatic factors are stronger long-term determinants of agricultural productivity in the study area.

Discussion
This study examined the relative impacts of climate variability and security challenges on agricultural development and food sustainability in Niger State, Nigeria. The findings reveal that while insecurity; particularly banditry and terrorism significantly disrupts agricultural activities, climate variability exerts a more systematic and measurable long-term influence on crop productivity.

Security Challenges and Agricultural Disruption
The results indicate that banditry (40.2%) and terrorism (20.9%) are the dominant security threats affecting agricultural development in Niger State. This reflects the evolving nature of rural insecurity in northern and central Nigeria, where organized armed groups increasingly target farming communities, leading to displacement, farm abandonment, and reduced cultivated land area. Similar patterns have been documented across Nigeria’s Middle Belt, where insecurity restricts mobility and reduces access to farmlands, markets, and labor [17, 18].
The finding that food production reduction (34.4%) is the most significant consequence of insecurity aligns with existing empirical studies showing that violent conflict reduces agricultural output by limiting farm investment and disrupting supply chains [18]. Nnaji et al. demonstrated that exposure to farmer–herder conflicts significantly increases household food insecurity in rural Nigeria [19]. However, unlike previous narratives emphasizing herder–farmer clashes as the dominant driver of food insecurity, this study highlights banditry and terrorism as more prominent contemporary threats.
Importantly, respondents identified climate variability (22.3%) as a perceived driver of insecurity. This supports the climate–conflict nexus hypothesis, which suggests that environmental stressors can intensify resource competition and exacerbate conflict risks in agrarian economies [19, 20]. Nonetheless, the quantitative regression evidence in this study suggests that climatic factors independently exert stronger long-term effects on crop yield variability than insecurity.

Climate Variability and Crop-Specific Responses
Regression results reveal heterogeneous crop responses to climatic variables. Maximum temperature positively influenced cotton yield (+1.6%), while minimum temperature significantly enhanced rice and sorghum production. Conversely, rainfall and temperature exerted negative effects on sugarcane, soybean, melon, and groundnut production, with soybean and melon exhibiting particularly high sensitivity (R² > 90%).
These findings are consistent with agronomic research indicating that temperature increases can have crop-specific effects depending on growth thresholds, heat tolerance, and water requirements [21]. For example, moderate increases in temperature may accelerate phenological development in certain cereals, thereby improving yields under optimal moisture conditions. However, excessive rainfall or temperature variability can reduce yields through waterlogging, pest outbreaks, and heat stress [22].
The strong negative sensitivity of soybean and melon to rainfall and temperature fluctuations aligns with prior studies in West Africa showing that legumes are particularly vulnerable to climatic instability due to shallow root systems and susceptibility to moisture stress [23]. Similarly, sugarcane’s negative response to rainfall variability may reflect waterlogging effects and nutrient leaching in poorly drained soils.
Correlation analysis further confirms predominantly negative relationships between climatic variables and crop production, reinforcing the conclusion that climate variability remains a central determinant of agricultural instability in the study area. This finding is consistent with broader sub-Saharan African evidence indicating that climate variability significantly reduces crop productivity in rain-fed systems [24].

Climate Variability Versus Insecurity: Relative Magnitude of Impact
Although insecurity visibly disrupts farming operations, the statistical evidence suggests that climate variability exerts more consistent and measurable impacts on yield fluctuations across multiple crops. This distinction is critical. While insecurity may cause episodic or localized disruptions, climatic variability operates persistently over time, altering agro-ecological conditions and affecting all farmers regardless of direct exposure to violence.
This finding challenges dominant policy narratives that attribute food insecurity primarily to conflict. While conflict undoubtedly worsens food access and market functioning [24], long-term agricultural sustainability depends heavily on climatic stability and adaptive capacity. The IPCC emphasizes that in tropical regions, rising temperatures and rainfall variability pose substantial risks to staple crop production, particularly in rain-fed systems like Nigeria’s [21].
Therefore, the relative weight of climatic determinants observed in this study underscores the need for climate-resilient agricultural strategies alongside security interventions.

Policy and Institutional Implications
The study’s findings highlight several policy implications:
1. Climate Information Dissemination:
Timely dissemination of meteorological forecasts and early warning systems through the Nigerian Meteorological Agency (NiMet) can enhance farmers’ adaptive capacity. Evidence shows that access to climate information significantly improves farm decision-making and yield outcomes [15].
2. Strengthening Extension Services:
Agricultural extension workers play a critical role in educating farmers about rainfall onset, cessation patterns, and adaptive strategies such as crop diversification and improved seed varieties.
3. Conflict-Sensitive Agricultural Planning:
While climate variability is a dominant determinant, insecurity remains a major operational constraint. Integrated policy frameworks addressing both environmental and security risks are therefore essential.
4. Crop-Specific Adaptation Strategies:
Given heterogeneous crop responses, adaptation measures should be tailored to crop sensitivity profiles. For instance, drought-tolerant varieties may benefit soybean and melon producers.

Contribution to Knowledge
This study contributes to the climate–security–agriculture discourse by providing long-term empirical evidence (1971–2024) comparing the relative impacts of climatic and insecurity variables on crop productivity. By integrating regression, correlation, and perception-based survey data, it offers a multidimensional perspective that moves beyond simplistic conflict-based explanations of food insecurity.

Conclusion
This study provides empirical evidence on the relative impacts of climate variability and insecurity on agricultural development and food sustainability in Niger State, Nigeria. The findings demonstrate that while insecurity; particularly banditry and terrorism significantly disrupts farming activities, reduces cultivated land, and constrains market access, climate variability exerts a more consistent and statistically measurable long-term influence on crop productivity.
Crop-specific regression analyses reveal heterogeneous climatic sensitivities. Temperature increases positively influenced cotton, rice, and sorghum yields under certain thresholds, whereas rainfall and temperature variability negatively affected soybean, melon, sugarcane, and groundnut production. The high explanatory power observed for soybean and melon models (R² > 90%) underscores the vulnerability of leguminous and water-sensitive crops to climatic instability. These findings align with broader sub-Saharan African evidence showing that rain-fed agricultural systems remain highly susceptible to temperature and rainfall variability [8,11].
Although insecurity contributes to immediate agricultural disruption, its impacts appear episodic and geographically concentrated. In contrast, climate variability systematically shapes agro-ecological conditions across seasons and crop types. This suggests that long-term agricultural sustainability in Niger State is more structurally constrained by climatic instability than by insecurity alone.
Importantly, the study highlights the interconnection between environmental stress and conflict dynamics, reinforcing the need for integrated climate–security policy frameworks rather than siloed interventions.
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