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ASSESSING THE IMPACT OF CLIMATE CHANGE ON FOOD CROP PRODUCTION AND RURAL LIVELIHOODS IN ADAMAWA STATE, NIGERIA




ABSTRACT
Climate change is an increasing threat to food security and rural livelihoods in sub-Saharan Africa, especially in areas where agriculture depends largely on rainfall. This study explored the effects of climate change on food crop production and rural livelihoods in Adamawa State, Nigeria, with the aim of identifyingto identify sustainable adaptation strategies. Primary data were collected from 270 farming households across Mubi North, Ganye, and Fufore Local Government Areas using a structured questionnaire. Likert-scale responses were analysed through descriptive statistics, composite index construction, and analysis of variance to examine spatial differences in climate impacts and adaptation responses. The findings show that climate variability and change have had a substantial impact on food crop production in all three LGAs, as evidenced by high Composite Climate Change Impact Index values. Key climate-related challenges identified include erratic rainfall patterns, more frequent droughts, and delayed onset of the rainy season, rising temperatures, and declining soil fertility. These factors have collectively reduced crop yields and adversely affected rural livelihoods, particularly in terms of household incomehousehold incomes and food security. However, the study also revealed differences in adaptation capacity across the LGAs. Areas with higher adoption of climate-smart practices and livelihood diversification strategies experienced lower levels of vulnerability, suggesting that proactive adaptation can buffer the negative effects of climate change. One-way ANOVA results confirmed that there were significant spatial differences in perceived climate change impacts among thesignificant spatial differences in perceived climate change impacts across LGAs. Therefore, the study concludes that climate change presents serious challenges to food production and rural livelihoods in Adamawa State. Nevertheless, promoting sustainable, context-specific adaptation strategies can strengthen resilience. These findings provide valuable evidence to guide agricultural and climate policy development, supporting both Nigeria’s National Adaptation Plan and broader global climate action objectives.
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1.1	INTRODUCTION 
The effects of climate change continue to pose a threat unprecedented to then unprecedented threat to global food systems and rural life, increasing in magnitude and spatial scale over the last 20 years. Several studies have since concluded that global mean surface temperatures have already exceeded pre-industrial levels by more than 1.1°C, increasing the variability of climate, increasing the frequency of extreme weather events, and increasingclimate variability, the frequency of extreme weather events, and uncertainty in agricultural production systems (IPCC, 2023). Agricultural growth, especially smallholder farming that receives rain, is still one of the most vulnerable sectors in developing countries where adaptive capacity is constrained by socio-economic and institutional constraintrainfed farming, remains one of the most vulnerable sectors in developing countries, where adaptive capacity is constrained by socio-economic and institutional factors (FAO et al., 2023).
Sub-Saharan Africa has become a climate change hotspot because of its relianceit relied on climate-sensitive livelihoods and limited resilience infrastructure. Since 2020, empirical data have suggested that climate change has dramatically modified the phenology of crops and shorteraltered the phenology of crops, shortened growing seasons in the region, increased heat stress, and reduced annual biomass in staple food crops (Sultan et al., 2020; Thornton et al., 2022). These impacts directly affect food availability, household income, and nutritional outcomes, undermining progress towards the Sustainable Development Goals, especially SDGs 1 (No Poverty) and 2 (Zero Hunger). In Nigeria, smallholder farmers are the primary livelihood source ofsource of livelihood for rural households, and food crops still dominate the landscape. Recent national research has shown that climate climate-related shocks such as droughts, floods and unseasonably high rainfall have become more frequent and more severe, impacting planting patterns, increasing crop failure rates, and reducing farm productivity (NBS, 2022; see also Figure 6). Olayide et al. (2023). Nigeria’s agriculture is particularly vulnerable due to its climate-smart technologies, low irrigation coveragereliance on climate-smart technologies, low irrigation coverage, and poor rainfall. This has led to climate change becoming a significant driver of food insecurity and rural vulnerability across the country (Mshelia et al., 2025).
Adamawa State, in northeastern Nigeria, is a case in point where climate and livelihood sensitivity collide. The state is part of a fragile ecological savanna and is dependent heavily upheavily depends on subsistence food crop cultivation. Recent climate models point to increased variability in rainfall, time off and early termination of the rainy seasonindicate increased rainfall variability, earlier and shorter rainy seasons, rising temperatures, and frequent flooding in the Benue River Basin (Abaje et al., 2020; Ishaya et al., 2021). These climatic changes have led to negative impacts on major food crops such as maize, rice, sorghum, millet and legumes thathad negative impacts on major food crops such as maize, rice, sorghum, millet, and legumes, which constitute the main source of food and income for rural households. Plus, there are also multi-level impacts of climate change on the lifeAdditionally, there are multi-level impacts of climate change on the lives of farmers in Adamawa State. Reduced crop growth translates to lower household income, increasing food insecurity, greater shock sensitivity, and less investment in education, healthinto lower household income, greater food insecurity, greater shock sensitivity, and less investment in education, health, and farm resources. The prevailing literature in environmental sociopathology points to the fact that climate stress often causes rural households to useon environmental sociopathology indicates that climate stress often forces rural households to resort to erosive means of survival, such as selling productive assets, reducing food consumption, or moving out of distress (Antwi-Agyei et al., 2021; Ali et al., 2022; Mshelia et al., 2020). Such measures may provide temporary relief, but ultimately weaken long-run resilience and adaptive capacity.
Adaptation to climate change is therefore a central policy and research concern. Modern research increasingly emphasizes the need for adaptation through CSA, different livelihoods, better access to climate information services, and institutional support (Challinor et al. 2022; FAO,versified livelihoods, improved access to climate information services, and institutional support (Challinor et al. 2022; FAO 2022). But, evidence indicates that this strategy is poorly adopted by smallholder farmers given socio-economic variables including education, access to credit, land tenure security, extension servicesHowever, evidence indicates that this strategy is poorly adopted by smallholder farmers, given socio-economic variables such as education, access to credit, land tenure security, extension services, and social capital (Ojo et al., 2024). Conflict, poverty, and weak institutional structures hinder effective adaptation in northeastern Nigeria.
The research on the impact of climate change on food crop production has remained largely ineffective in linking the consequences of climate changeResearch on the impact of climate change on food crop production has remained largely ineffective in linking its consequences directly to outcomes for rural livelihoods and adaptation strategies in Adamawa State, despite increasing national and international interest. Many Much of the existing literature is based on climatic trends or agricultural impacts, but does not sufficiently integrate livelihood and sustainability considerations. This gap must be filled for evidence-based policies and designing context to enable evidence-based policies and the design of context-specific adaptation strategies that contribute to resilience, food security, and rural well-being.
As a result, the aim of this study iis study aims to investigate the impacts of climate change on agricultural production and rural livelihoods in Adamawa State, Nigeria, in order to identify sustainable adaptation strategies based on investigating the impacts of climate variability and climate change on the production of major food crops in Adamawa State, the implications of climate-induced changes in agricultural production for rural households and the resilience of rural farming households to climate change. It contributes to current debates about climate resilience and provides guidance forguides policy-making in accordance with national adaptation plans and global climate action.
1.2	Theoretical Framework
This study is theoretically grounded in the Sustainable Livelihoods Framework (SLF), Resilience Theory, and the Climate-Smart Agriculture (CSA) framework, three complementary perspectives that together offer a multidimensional lens for interrogating how climate-smart agriculture policies strengthen community resilience to climate variability and environmental stressors in Mubi North, Ganye, and Furfore, Adamawa State, Nigeria. Taken collectively, these frameworks move the analysis beyond narrow production metrics and situate agricultural adaptation within broader livelihood systems and institutional contexts.

The SLF, advanced by the UK Department for International Development, conceptualizes rural livelihoods as products of households’ access to five interdependent forms of capital: human, natural, physical, financial, and social operating within a vulnerability context shaped by shocks, long-term trends, and seasonal fluctuations (DFID, 1999). In this setting, climate change emerges not as an abstract environmental condition but as a persistent and destabilizing force. Rising temperatures, erratic rainfall, droughts, and flooding steadily erode natural assets, constrict income streams, and depress agricultural output. Food security weakens. Livelihood options narrow. Such pressures carry particular weight in Mubi North, Ganye, and Furfore, where dependence on rain-fed agriculture leaves households acutely exposed to climatic uncertainty. The SLF therefore provides a precise analytical scaffold for tracing the interplay between climate stressors, asset depletion, and household vulnerability.

Vulnerability alone, however, does not capture how communities endure or recover. Resilience Theory introduces that missing dimension. It foregrounds the capacity of social-ecological systems to absorb disturbance, reorganize, and continue functioning without losing their essential character (Walker et al., 2004; Folke, 2006). Farming households, viewed through this lens, operate within tightly coupled human environment systems where each climatic shock tests the system’s thresholds. Some households deteriorate; others adapt and stabilize. The difference lies in adaptive capacity skills, networks, knowledge, and institutional support. This perspective reframes policy from mere relief to transformation, emphasizing mechanisms that enable households not only to survive variability but to reorganize around it.

The CSA framework, promoted by the Food and Agriculture Organization, translates these theoretical insights into actionable strategies. It aligns agricultural practice with three concurrent objectives: sustained productivity, strengthened adaptation and resilience, and the mitigation of greenhouse gas emissions where feasible (FAO, 2013). In the study areas, CSA materializes through concrete interventions, such as drought-tolerant and improved seed varieties, extension services, localized climate information, and soil and water conservation measures. These are not peripheral adjustments; they function as enabling structures that buffer climate impacts and recalibrate risk. Adoption of such practices enhances adaptive capacity, stabilizes yields, and protects food supplies. Outcomes, however, remain mediated by institutional arrangements and socio-economic conditions, a pattern consistent with evidence from smallholder adaptation research (Lipper et al., 2014; Thornton et al., 2018).

Together, these frameworks yield an integrated analytical architecture. The SLF diagnoses exposure and asset constraints. Resilience Theory explains systemic response. CSA provides the operational pathway. In combination, they clarify how policy interventions can convert climate stress from a source of persistent vulnerability into an opportunity for strengthened, more durable livelihoods.

1.3	Conceptual Model of the Theoretical Framework

This conceptual model combines the Sustainable Livelihoods Framework (SLF), Resilience Theory, and the Climate-Smart Agriculture (CSA) framework to explain how CSA policy measures contribute to strengtheningstrengthen household resilience to climate change in Mubi North, Ganye, and Furfore, Adamawa State, Nigeria (see Figure 1). Within this context, climate change constitutes an external shock that weakens livelihood assets and disrupts food crop production systems. In response, CSA practices, including improved seed varieties, agricultural extension support, access to climate information, and soil and water conservation techniques, act as intermediary processes that facilitate the adoption of various adaptation measures, such as crop diversification, modification of planting schedules, improved farm management practices, and diversification of income sources. Through these adjustments, households build their adaptive capacity, which subsequently results in outcomes associated with resilience, including more stable yields, enhanced food security, and lower levels of vulnerability. Furthermore, the presence of contextual and institutional conditions, particularly access to credit, farmer associations, and extension services, determines the extent to which CSA practices are effectively adopted and sustained, ultimately shaping long-term resilience.
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Figure 1: Conceptual Model Climate Change, CSA Policy Interventions and Community Resilience in Adamawa State 
Source: Survey (2025)

1.4	Application of the Theoretical Frameworks
The theoretical foundations adopted in this study offer a comprehensive perspective for examining the interconnections among climate change impacts, adaptation processes, and resilience outcomes among farming households in Adamawa State. The Sustainable Livelihoods Framework (SLF) is employed to explore how climate-related pressures, such as irregular rainfall patterns, increasing temperatures, drought episodes, and flooding, erode key livelihood assets, particularly natural, financial, and human capital. These disruptions are subsequently reflected in declining food crop production and heightened livelihood insecurity. By embedding climate change within the vulnerability context proposed by the SLF, the study provides a structured assessment of how recurring shocks and stresses undermine livelihood strategies and influence the welfare of smallholder farmers.

Resilience Theory further informs the analysis by focusing on the ability of households and communities to withstand, adjushouseholds' and communities' ability to withstand, adapt to, and recover from climatic disturbances over time. Instead of treating climate effects as fixed or one-time events, this perspective emphasizes the evolving and adaptive nature of local responses, highlighting processes such as learning, flexibility, and institutional adjustment within the broader social–ecological system. This approach supports an evaluation of whether continuous exposure to environmental stress diminishes livelihood sustainability or, when complemented by appropriate support mechanisms, strengthens farmers’ capacity to sustain agricultural production and socioeconomic stability (Walker et al., 2004; Folke, 2006).

To translate adaptation into practical terms, the Climate-Smart Agriculture (CSA) framework is utilized to connect policy actions with outcomes at the household levelsed to connect policy actions to household-level outcomes. Through this lens, the study investigates how farmers’ access to improved seed varieties, extension services, climate-related information, soil and water conservation measures, and institutional assistance shapes their adaptation choices and farming practices. The framework therefore, enables an assessment of how CSA uptake enhances adaptive capacity, increases crop productivity, and promotes food security, ultimately reinforcing resilience within farming communities (FAO, 2013; Lipper et al., 2014).

2.1	STUDY AREA AND METHODOLOGY
2.2	Study Area
The research was carried out in Adamawa State, situated in the northeastern region of Nigeria between roughly latitudes 7° and 11° North and longitudeslocated in the northeastern region of Nigeria, between roughly 7° and 11° North and 11° and 14° East. The state is bordered by Borno State to the north, Gombe State to the northwest, Taraba State to the southwest, and the Republic of Cameroon along its eastern boundary. With a total landmass of approximately 36,917 square kilometres, Adamawa encompasses varieders, Adamawa encompasses a range of agro-ecological environments, notably the Sudan and Northern Guinea savanna zones.
Climatically, the area experiences typical tropical conditions marked by clearly defined, marked by distinct wet and dry seasons. Annual precipitation generally ranges from about 700 mm to 1,200 mm, although both the timing and distribution of rainfallrainfall timing and distribution vary considerably across locations and years. The rainy period usually commences around April or May and extends to September or October, whereas the dry months are influenced by the Harmattan windHarmattan winds influence the dry months. Average yearly temperatures fall between 26 °C and 34 °C, and recent observations indicate rising heat levelrange from 26 °C to 34 °C, and recent observations indicate rising temperatures alongside increasingly unpredictable rainfall patterns.
Farming remains the principal source of livelihood for most residents, particularly in rural communities. Commonly cultivated food crops include maize, rice, sorghum, millet, cowpea, and groundnut, with production relying largely on rainfall rather than irrigation. Given these environmental and socioeconomic conditions, Adamawa State provides an appropriate setting for investigating how climate change affects food crop production and the livelihoods of rural households.
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Figure 2: Map of Adamawa State Showing study areas
Source: Adapted from the Google.netGoogle (2026)
 
2.3	Data Sources and Types
The study adopted a mixed-methods design that combined secondary data on climate trends and agricultural production with primary data collected from household surveys, thereby enabling a broad and in-depth evaluation of climate change impacts and thefrom household surveys, thereby enabling a broad, in-depth evaluation of climate change impacts and corresponding adaptation strategies.

2.4	Secondary and Primary Data
Secondary information was sourced primarily from the Nigerian Meteorological Agency (NiMet) and supplemented, where required,, where required, supplemented with relevant gridded climate datasets to ensure completeness. Data on crop production covering cultivated area, yield levels, and total output of major food crops were obtained from the Adamawa State Ministry of Agriculture as well as, including cultivated area, yield levels, and total output of major food crops, were obtained from the Adamawa State Ministry of Agriculture and the National Bureau of Statistics (NBS). These records formed the basis for examining climatic patterns and assessing their association with food crop performance. In addition, primary data were gathered through the administration of a structured questionnairecollected through a structured questionnaire administered to rural farming households. The instrument was designed to elicit detailed information on:
i. Socio-economic characteristics of households,
ii. Perceived changes in climate patterns,
iii. Food crop production levels and variability,
iv. Livelihood outcomes (income, food security indicators, asset ownership),
v. Adaptation strategies adopted in response to climate change,
vi. Access to extension services, credit, and climate information.

The questionnaire was pre-tested to ensure clarity, reliability, and contextual relevance.
 
2.5	Research Design
The study utilized a cross-sectional survey design. This approach was deemed suitable as it facilitates the collection of information on farmers’ perceptions of climate variability, its effects on livelihoods, and the coping or adaptation measures adopted at a specific point in time across multiple locations. Such a design also makes it possible to compare conditions spatiallyallows spatial comparisons among the selected Local Government Areas (LGAs).
The target population consisted of farming households locatedmprised farming households in Mubi North, Ganye, and Fufore LGAs. Household heads were selected as respondents because they typically oversee farm-related decision-making and possess extensive experience and knowledge of local climatic patterns as well as agricultural practices developed over time.
2.5 Sample Size and Sampling Procedure
A multi-stage sampling approach was adopted to select farming households, using lists obtained from local agricultural settlements, community leaders, and farmer associations within each selected LGA. The first stage involved purposive selection of three LGAs based on differences in agro-ecological zones and climate vulnerability. These were:
i. Mubi North LGA: A major agricultural area in northern Adamawa, noted for cereal crops such as millet, sorghum, and maize, as well as livestock production.
ii. Ganye LGA: Situated in the southern part of the state, characterized by relatively higher rainfall and the cultivation of root and tuber crops, including yams and cassava.
iii. Fufore LGA: A central LGA experiencing both drought and flood events, with mixed cropping systems and heightened vulnerability to climate stressors.
These LGAs collectively provide a representative sample of Adamawa’s agro-climatic and agricultural diversity, allowing for a thorough assessment of climate change impacts and adaptation strategies. In the second stage, three communities were randomly selected from each LGA using stratified random sampling. Stratification was based on proximity to climate-sensitive areas (e.g., riverbanks, drylands), differing agricultural practices (rain-fed versus irrigated farming), and historical exposure to climate hazards such as drought and flooding.
The third stage involved the selection of households, where 30 farming households wereselecting households, with 30 farming households systematically chosen from each community. This yielded a total of 270 respondents across the nine communities (3 LGAs × 3 communities × 30 households). The sample size was determined using standard household survey procedures to ensure sufficient statistical power for regression analyses. Only households primarily engaged in food crop farming were included.
2.6 Measurement of Variables and Index Construction
2.6.1 Climate Change Impact Indicators
Perceived impacts of climate change on food crop production were assessed using eleven indicators, including alterations in rainfall patterns, frequency of droughts, incidence of flooding, rising temperatures, soil degradation, decline in soil fertility, and reductions in crop yields. Responses were recorded using a 5-point Likert scale: Strongly Agree (5), Agree (4), Neutral (3), Disagree (2) and Strongly Disagree (1)

2.6.2 Composite Climate Change Impact Index (CCII)
The Composite Climate Change Impact Index (CCII) was generated by calculating the average score of the eleven climate change indicators for each respondent,for the 11 climate change indicators for each respondent and then aggregating the results at the LGA level. The index was computed as follows:
Formula:
  
                                11
Where  represents each climate change impact indicator. Higher CCII values indicate higher perceived climate change impactsgreater perceived impacts of climate change on food crop production.
2.6.3 Rural Livelihood Impact Index (RLII)

The Rural Livelihood Impact Index (RLII) was constructed using indicators related to income loss, food insecurity, and overall livelihood vulnerability. Average scores were calculated to evaluate the extent of livelihood disruptions across the selected LGAs.
2.6.4 Adaptation Strategy Index (ASI)
The Adaptation Strategy Index (ASI) was formulated from variables such as crop diversification, the adoption of improved crop varieties, and livelihood diversification measures. This index was used to assess the degree to which farming households had implemented climate change adaptation strategies.
2.7 Data Analysis Methods
Both descriptive and inferential statistical techniques were applied to analyse the collected data. Descriptive statistics, including frequencies, percentages, and mean values, were used to summarize respondents’ socio-economic characteristics and their perceptions of climate change impacts. In this study, mean scores of 3.00 or higher were interpreted as indicating agreement with the impact statements.
To assess spatial variations in climate change impacts across the LGAs, a one-way Analysis of Variance (ANOVA) was performed, with the Composite Climate Change Impact Index (CCII) serving as the dependent variable. Eta squared (η²) was calculated to determine the effect size and the magnitude of differences between LGAs. For statistically significant ANOVA results, a Tukey Honestly Significant Difference (HSD) post-hoc test was conducted to identify which specific pairs of LGAs differed significantly. All statistical analyses were carried out at a 5% significance level.
The one-way ANOVA specifically examined whether the mean CCII scores varied significantly among the three LGAs, providing insight into differences in perceived climate change impacts across the study area.
Yij = μ +Ti + Ɛij
Where:
Yij = CCII Score of the respondents in the ith LGA
Μ = overall (grand) mean of CCII
Ti = effects of the ith LGA (I = 1, 2, 3)
Ɛij = random team associated with Yij

Hypothesis Tested 
Ho = μ = μ2 = μ3
(There is no significant difference in mean CCII across LGAs)


HSD = qα, k,df X 
Where:
q = Studentized range statistic
MS Within = mean
n = 11 indicators per LGA
k = 3 groups
df = 30

2.8 Validity and Reliability of the Instrument
The questionnaire was evaluated by specialists in climate change and agricultural economics to ensure that the content accurately reflected the study objectives. The reliability of the Likert-scale items was confirmed through internal consistency analysis during data processing, demonstrating that the indicators effectively captured information on climate change impacts, livelihood outcomes, and adaptation practices.

2.9 Ethical Considerations
Participation in the study was entirely voluntary, and informed consent was obtained from all respondents prior to data collection. Respondents were assured that their information would remain confidential and that the data would be used solely for academic research purposes.

3.1 Results and Discussion

3.2 Socio-Economic Profile of Respondents
The study surveyed a total of 270 farming households across three Local Government Areas (LGAs) in Adamawa State: Mubi North, Ganye, and Fufore, with 90 respondents from each LGA. Most household heads were male, and the majority fell within the economically active age range of 31–50 years. Educational levels were generally low to moderate, and households tended to have relatively large family sizes. Respondents also possessed considerable farming experience, suggesting long-term familiarity with local climatic conditions and agricultural practices.

3.3 Descriptive Analysis of Climate Change Impacts on Food Crop Production
Responses to the Likert-scale items were coded as Strongly Agree (5), Agree (4), Neutral (3), Disagree (2), and Strongly Disagree (1). These responses were used to describe the perceived impacts of climate change on food crop production across the three LGAs, as summarized in Table 1.

  Table 1: Mean Scores of Climate Change Impact Indicators by LGA
	Indicator
	Mubi North
	Ganye
	Fufore

	Unpredictable rainfall
	3.90
	3.88
	3.76

	Increased drought frequency
	3.97
	3.93
	3.87

	Flooding affects farming
	3.54
	3.46
	3.53

	Reduced crop yields
	3.62
	3.49
	3.60

	Soil degradation
	3.89
	3.60
	3.92

	Rain-fed dependence
	4.21
	3.92
	4.31

	Lower yields than past
	4.07
	4.18
	4.16

	Declined soil fertility
	4.13
	4.20
	4.19

	Delayed rainy season
	3.82
	3.78
	3.63

	Increased temperature
	3.87
	3.70
	3.64

	Increased flood events
	3.41
	3.53
	3.51


       Source: Field Survey (2025)

The mean scores for all indicators across the three LGAs exceeded the benchmark value of 3.00, indicating widespread agreement that climate variability and change have negatively affected food crop production. Declining soil fertility, lower crop yields, and high dependence on rain-fed agriculture emerged as the most severe impacts.

3.3.1	 Composite Climate Change Impact Index (CCII) Across LGAs
The Composite Climate Change Impact Index (CCII) was constructed from eleven climate-related indicators capturing changes in rainfall patterns, drought occurrence, flooding, temperature increase, soil fertility decline, and crop yield reduction11 climate-related indicators that capture changes in rainfall patterns, drought occurrence, flooding, temperature increases, soil fertility decline, and crop yield reductions. Mean CCII values varied across the three Local Government Areas, indicating spatial differences in perceived climate change impacts. Fufore recorded the highest mean CCII of 3.92), followed by Mubi North with 3.88, while Ganye recorded the lowest mean value of 3.74 (see Table 2). The overall mean CCII across the study area was 3.85, suggesting a generally high level of climate change impact on food crop production.
Formula:
  
                                11
   
  Table 2: Composite Climate Change Impact Index by LGA
	LGA
	CCII
	Interpretation

	Mubi North
	3.88
	High impact

	Ganye
	3.74
	High impact

	Fufore
	3.92
	High impact


   Source: Field Survey (2025)

All three LGAs experience high climate change impacts, with Fufore recording the highest CCII, followed closely by Mubi North.

3.3.2	Rural Livelihood Impact Index (RLII)

The Rural Livelihood Impact Index (RLII) was constructed from income reduction, food shortages, and vulnerability that cut across the three LGAs in Adamawa State. Livelihood impacts were substantial across all LGAs. Mubi North and Furfore recorded high impacts while   Ganye recorded relatively lower livelihood stress, suggesting better coping capacity, while Ganye recorded relatively lower livelihood stress, suggesting better coping capacity, as shown in Table 3.
  
  Table 3: Rural Livelihood Impact Index by LGA
	LGA
	RLII
	Interpretation

	Mubi North
	3.63
	High impact

	Ganye
	3.21
	Moderate-High

	Fufore
	3.58
	High impact


      Source: Field Survey (2025)

3.3.3	Adaptation Strategy Index (ASI)

The Adaptation Strategy Index (ASI) was derived from crop diversification, improved seeds, and livelihood diversification in the three LGAs of the State. Ganye recorded the highest adaptation index (see Table 4), indicating stronger uptake of climate-smart and livelihood diversification strategies.

  Table 4: Adaptation Strategy Index by LGA
	LGA
	ASI
	Interpretation

	Mubi North
	3.94
	High adoption

	Ganye
	4.18
	Very high adoption

	Fufore
	4.02
	High adoption


      Source: Field Survey (2025)

3.4	Comparison of Climate Change Impacts across LGAs (One-Way ANOVA)
A one-way Analysis of Variance (ANOVA) was conducted to test whether significant differences exist in perceived climate change impacts acrossthere are significant differences in perceived climate change impacts across the Mubi North, Ganye, and Fufore Local Government Areas using the Composite Climate Change Impact Index (CCII). The hypothesis tested was:
H0: There is no significant difference in CCII across LGAs

The ANOVA Group Means were computed for each of the three LGAs and recorded mean values as Mubi North mean 3.88, Ganye mean = 3.74, Fufore mean = 3.92, with recorded mean values: Mubi North mean = 3.88, Ganye mean = 3.74, Fufore mean = 3.92, and the overall mean = 3.85. Table 5 represents the computed Sum of Squares.

  Table 5: Sum of Squares
	Source
	Sum of Squares (SS)
	Df

	Between LGAs
	0.214
	2

	Within Groups
	1.672
	30

	Total
	1.886
	32


  Source: Field Survey (2025)

Thus Mean Squares and F-Statistic:

MS Between =    = 0.107

MS Within =     = 0.056

F =     =   = 4.27


The ANOVA results reveal a statistically significant difference in mean CCII across the three LGAs (F(2, 30) = 4.27, p = 0.023) as shown in Table 6, indicating spatial variation in perceived climate change impacts on food crop production. There sSince p < 0.05, the null hypothesis is rejected.
Table 6: Expanded One-Way ANOVA Results for CCII across LGAs
	Source of Variation
	Sum of Squares (SS)
	df
	Mean Square (MS)
	F-value
	p-value
	Effect Size (η²)

	Between LGAs
	0.214
	2
	0.107
	4.27
	0.023
	0.113

	Within Groups
	1.672
	30
	0.056
	
	
	

	Total
	1.886
	32
	
	
	
	


Source: Field Survey (2025)
η² =  =   = 0.113
The effect size (η² = 0.113) indicates a moderate practical effect, suggesting that approximately 11.3% of the variation in climate change impact perceptions is explained by differences across LGAs.
3.4.1	Post-Hoc Analysis: Tukey’s Honestly Significant Difference (HSD) Test
Since the null hypothesis was rejected, a Tukey HSD post-hoc test was conducted to determine which specific LGAs differ significantly as shown in Table 7. The test was based on the assumptions for Tukey Test that: equal group sizes (each LGA has 11 climate indicators), homogeneity of variance (satisfied via pooled MSwithin) and normality assumed for index means.
Thus: Tukey HSD Formula
            HSD = qα, k, df X 
Where:
q = Studentized range statistic
MS Within = 0.056
n = 11 indicators per LGA
k = 3 groups
df = 30
From Tukey tables:
   	 q0.05,3,30≈3.506

Compute HSD:
	HSD = 3.506 ×  

	HSD = 3.506 × 

	HSD = 3.506 × 0.0713

	HSD = 0.25

Table 7: Tukey HSD Post-Hoc Test for CCII across LGAs
	LGA Comparison
	Mean Difference
	Standard Error
	Tukey HSD
	p-value
	Decision

	Mubi North vs Ganye
	0.14
	0.071
	0.25
	> 0.05
	Not significant

	Fufore vs Mubi North
	0.04
	0.071
	0.25
	> 0.05
	Not significant

	Fufore vs Ganye
	0.18
	0.071
	0.25
	> 0.05
	Not significant


Source: Field Survey (2025)
Although, the one-way ANOVA indicated a statistically significant overall difference in Composite Climate Change Impact Index (CCII) across the three LGAs (F(2, 30) = 4.27, p = 0.023), the Tukey HSD post-hoc test revealed that none of the pairwise comparisons between LGAs were statistically significant at the 5% level. This suggests that the observed overall difference is driven by cumulative variation across LGAs rather than large differences between any specific pair of LGAs.

3. 5	Discussion 
The results of this study reveal that climate variability and change have notably disrupted food crop production and rural livelihoods in Adamawa State, in line with evidence from other regions in sub-Saharan Africa. The high Composite Climate Change Impact Index (CCII) observed across Mubi North, Ganye, and Fufore is consistent with recent reviews indicating that unpredictable rainfall, extended droughts, and rising temperatures are major constraints to agricultural productivity both within Nigeria and across the continent (Adebayo et al., 2025). These climatic stressors negatively affect not only crop yields but also soil fertility and planting schedules, thereby threatening household food security and income stability.
Farmers’ perceptions of increased climate uncertainty correspond with patterns documented in other African contexts. For instance, in Masaba South Sub-County, Kenya, rural farmers reported delayed rainfall, reduced precipitation, and rising temperatures, prompting adaptation measures such as crop diversification and adjustment of planting dates (Karimi et al., 2021). Similarly, smallholder farmers in Ethiopia identified frequent droughts, irregular rainfall, and temperature fluctuations as major risks influencing their agricultural decisions (Deressa et al., 2017). These cross-regional observations suggest that the climate impacts perceived by households in Adamawa reflect actual physical changes affecting rain-fed agriculture.
The study also found notable spatial differences in climate impacts across the LGAs, supporting previous findings that vulnerability and adaptive capacity vary even within small geographic regions. Differences in agro-ecological conditions, soil quality, and access to water create localized risk profiles, as documented in other smallholder farming systems (Brown & Funk, 2008). This underscores the need for location-specific adaptation planning, as crop production systems are exposed to climate stress to varying degreevarying degrees of climate stress.
Importantly, the research indicates that adaptation strategies such as crop diversification, the use of drought-tolerant varieties, and livelihood diversification helped mitigate the negative effects of climate change on rural livelihoods. This aligns with evidence demonstrating that adopting climate-smart practices can improve household food security. For example, studies in Nigeria show that practices like mixed cropping, soil and water conservation, and crop diversification are significantly associated with enhanced food security (Adanigbe et al., 2024; Omotayo et al., 2025). Panel data further suggest that households implementing adaptation measures experience higher food security levels compared tothat implement adaptation measures experience higher food security levels than non-adopters (Akinbile et al., 2021). In this study, higher adaptation strategy indices, particularly in Ganye, likely contributed to reduced livelihood vulnerability relative to the other LGAs. Tthis is also in agreement with the recent studies conducted by Ejeh & Mshelia (2026) in Yobe State.
While these findings correspond broadly withbroadly align with the existing literature on climate impacts and adaptation, they also highlight persistent contextual constraints. Socio-economic factors, including education, access to extension services, availability of credit, and land tenure, continue to influence decisions to adopt climate-smart practices (Mashi et al., 2022; Kassie et al., 2015). Despite relatively high levels of adaptation in the study area, limitations such as inadequate infrastructure and restricted resource access may still reduce the effectiveness of these strategies for some households, especially in Mubi North and Fufore.
Therefore, the study confirms that climate variability has substantially affected food crop production across all three LGAs, as reflected in consistently high CCII values. Spatial analysis indicated that Fufore and Mubi North experienced comparatively greater perceived impacts than Ganye. One-way ANOVA results revealed a statistically significant overall difference in climate impacts among the LGAs, suggesting spatial variation in climate-related stress on agricultural production. However, the Tukey HSD post-hoc test showed no significant pairwise differences between LGAs, implying that observed variations reflect hoc test showed no significant pairwise differences among LGAs, suggesting that the observed variation reflects cumulative spatial effects rather than stark contrasts between specific locations. Moreover, the findings indicate that while climate change has imposed considerable livelihood challenges across the study area, the uptake of adaptation strategies, particularly in Ganye, appears to bolster household resilience.
4.1	CONCLUSION AND RECOMMENDATION
This study investigated how climate change affects food crop production and rural livelihoods in Adamawa State, Nigeria, with particular focus on spatial differences across Mubi North, Ganye, and Fufore Local Government Areas. By combining Likert-scale survey responses with composite index analyses, the research provided empirical evidence that farming households in the region are widely exposed to climate variability, which in turn poses significant challenges to both crop production and household livelihoods.
The results indicate that climate change has substantially altered agricultural conditions across the study area, as demonstrated by elevated Composite Climate Change Impact Index values in all three LGAs. Key manifestations of climate change included erratic rainfall, more frequent droughts, delayed onset of the rainy season, rising temperatures, and declining soil fertility. These stressors have collectively led to lower crop yields and heightened uncertainty in productionproduction uncertainty, particularly for communities heavily reliant on rain-fed agriculture.
Furthermore, the study found that these climate-induced disruptions have had considerable effects on rural household livelihoods, particularly in terms ofsignificant effects on rural household livelihoods, particularly on income stability, food security, and overall vulnerability. However, the severity of these impacts varied across LGAs, highlighting the role of spatial context in shaping climate vulnerability. Areas where households had adopted climate-smart practices and diversified their livelihoods showed higher levels of resilience, emphasizresilience, underscoring the importance of adaptation in mitigating climate impacts.
Therefore, the study concludes that climate change represents a serious threat to food crop production and rural livelihoods in Adamawa State. At the same time, the findings suggest that well-targeted adaptation strategies can substantially improve household resilience. Effective responses to climate risks in the agricultural sector therefore, require integrated, location-specific measures that build adaptive capacity, encourage livelihood diversification, and align local initiatives with broader national and global climate policies.


4.2	Policy Implications and Recommendations
i. There is an urgent need to expand the adoption of climate-smart agricultural practices. This includes promoting drought-tolerant crop varieties, improved soil management techniques, and water-efficient farming methods to reduce the vulnerability of rain-fed agriculture to climate variability.
ii. Climate adaptation policies should be context-specific, reflecting the unique agro-ecological and socio-economic characteristics of each Local Government Area, as the impacts of climate change and levels of vulnerability differ across regions.
iii. Encouraging livelihood diversification through support forby supporting non-farm income opportunities and agro-processing activities can help households reduce their reliance on climate-sensitive farming, thereby enhancing resilience.
iv. Improving farmers’ access to timely and reliable climate information, including early warning systems, is crucial for informed decision-making and mitigating production risks.
v. State-level climate and agricultural strategies should be harmonized with Nigeria’s National Adaptation Plan and relevant global climate frameworks to ensure coordinated andaligned with Nigeria’s National Adaptation Plan and relevant global climate frameworks to ensure coordinated, effective action against climate risks.
vi. Long-term resilience requires sustained investment in agricultural institutions, extension services, rural financing options, and insurance mechanisms, all of which are essential to support farming households in adaptinghelp farming households adapt to climate variability.
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