


Original Research Article
Climate-Smart Agriculture Policy Interventions and Environmental Resilience to Climate Change in Semi-Arid Nigeria: Evidence from Yobe State

ABSTRACT
The environment and livelihoods of farmers in semi-arid sub-Sahara Africa are increasingly threatened by climate variability and ecosystem degradation. Climate-Smart Agriculture (CSA) is advocated as a strategy for resilience building, evidence of the structural pathways in which it operates is limited especially in fragile dryland contexts. This study aims to determine if and how policy interventions by community supported agriculture enhance community resilience through the accumulation of livelihood capital and institutional mediation in Yobe State, Northeast Nigeria. Data from 270 farming households were collected in Geidam, Nguru and Potiskum LGAs. A hierarchical multiple regression and structural equation modeling (SEM) test was performed to ascertain both direct and indirect effects on community resilience outcomes of the CSA interventions, livelihood capitals, and institutional mediation. CSA interventions play a significant role in predicting resilience at β= .62, p < .001, and account for 38% of the variance in the baseline models. By including the livelihood capitals, the explanatory power increases substantially with the R² value ranging from .76 to .82.  SEM confirms the significant pathway from CSA to capitals with the value of β = .68 (p < .001) and capitals to resilience with a value of β = .72 (p < .001).  More than fifty percent of CSA's net effect works through capital accumulation.  Physical and natural capitals are the most important drivers of resilience, whereas institutional mediation is a moderate but significant driver, especially in more vulnerable LGAs. In Nigeria’s semi-arid northeastern zone, resilience formation is mainly asset rather than policy driven. CSA primarily strengthens physical and natural capital systems to improve resilience. To achieve sustainable resilience in fragile dryland systems, effective climate adaptation strategies should be prioritized integrated asset-building especially physical infrastructure and ecosystem restoration and institutional strengthening.
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1. INTRODUCTION

Climate change is becoming a major threat to agricultural sustainability and rural livelihoods.  The semi-arid regions are susceptible because of their fragile ecosystems and an over-reliance on rain-fed farming systems Intergovernmental Panel on Climate Change (IPCC, 2019). In Nigeria, farmers in already stressed areas are most at risk from rising temperatures, erratic rainfall, droughts and floods. This could lead to food insecurity and worsening poverty (IPCC, 2022; Ofoegbu, 2025). The effects are most pronounced in semi-arid states in the north like Yobe that rely on millet, sorghum, cowpea, and livestock for their consumption and income (Impact of Climate-Smart Agriculture in Yobe State, 2025; Mshelia et al., 2025).

Climate-smart agriculture (CSA) has emerged as a new strategy to increase productivity, strengthen resilience and reduce Green House Gas (GHG) emissions (Food and Agriculture Organization of the United Nations [FAO] 2021). The development goal for CSA policy interventions in Nigeria is adopted to enhance inclusion of climate adaptation, and mitigation in the agricultural planning. This would strengthen institutional capacity, promote sustainable land management, and scale up CSA technologies (CSA Policy Framework, 2024). However, such interventions can be effective if they strengthen community resilience especially in poor and vulnerable rural areas whose adaptive capacity is limited due to poverty, lack of access to finance and weak infrastructure (Nnawuihe et al., 2026; Yobe Ecological Livelihoods Framework Climate Trust Foundation., 2024).
According to the World Bank (2025), the Yobe State farming community was supported financially and technically to adopt climate-smart farming through the Agro-Climatic Resilience in Semi-Arid Landscapes (ACRESAL) project that was financed by the development bank. The interventions emphasize the significance of local participation and knowledge integration, social capital development, and other community-centered approaches that can help ensure the sustainability of adaptation outcomes (Audu et al., 2021). However, there have been very few studies to show how the CSA policy interventions are impacting actual improvements in resilience at the community level in semi-arid Nigeria.
This research examines the relationship between community efforts and climate change policy interventions in Yobe State as an attempt to fill this gap. In particular, it examines how policy-led initiatives affect the rural environment, communities, rural households’ adaptive capacity, livelihood security, and social cohesion. This study’s evidence from one of Nigeria’s most climate-vulnerable regions feeds into wider debates on the role of CSA in delivering on sustainable development goals, food security and resilience on semi-arid landscapes.
1.1	Theoretical Framework

The capacity to adapt to climate change in agriculture is a multi-dimensional process that draws on policies, capacities and structures. The Sustainable Livelihoods Framework (SLF) is a useful tool for explaining how farmers mobilize their assets to manage and adapt to climate variability (Figure 1) (Department for International Development [DFID], 1999; Béné et al., 2021). In the sustainable livelihood framework, there are five capital assets which influence livelihood outcomes, namely natural capital, physical capital, human capital, financial capital and social capital. When people in a community have access to these five capital assets then they are less vulnerable and can show resilience to shocks. Based on SLF, this study adopts asset-based resilience perspective and sees community resilience as ability absorbed, adapt, transformed under live climate stressors (Folke et al., 2016; IPCC, 2022).

Within this context, CSA is viewed as a type of policy intervention constructed to reduce risk and build adaptive capacity. Drought-tolerant seeds, watering harvesting, soil conservation are CSA strategies that seek to enhance productivity and make it less sensitive to climate (Nnawuihe et al., 2026; Kassie et al., 2020). However, CSA interventions do not work in a silo, but rather, they become effective if they strengthen or change the livelihoods of capital. For instance, access to irrigation (physical capital) and social networks (social capital) can enhance the uptake of CSA practices and resilience outcomes (Adu et al., 2023; Martey et al., 2022).  
Institutional mediation performs an important role in either encouraging or hindering these processes. Institutions like extension services, credit schemes, regulatory measures, and community-based organizations influence farmers’ access to information and resources (Sanginga et al., 2021; FAO, 2021). Whether structural support optimises CSA interventions to deliver improved livelihood assets and increased resilience depends on the fragility of contexts, including semi-arid Yobe State, Nigeria. Furthermore, in semi-arid settings with unpredictable climate patterns, community resilience is not a result of one input but the feedback between CSA interventions, livelihood capitals, and supportive institutions as illustrated in Figure 1 (Partey et al., 2021; Bene et al., 2021). Accordingly, CSA policy interventions impact the livelihood capitals of communities, thereby enhancing their resilience. Institutional mediation is expected to determine the strength and direction of the effect of these CSA interventions on livelihood capitals.
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Figure 1: Climate-Smart Agriculture and Community Resilience in Sudano-Sahelian Region
Source: Adapted in Bene et al., (2021)

The theoretical framework is depicted in Figure 1. Accordingly, CSA Policy Interventions impact Livelihood Capitals which in turn impact Community Resilience. In addition, Institutional Mediation moderates/mediates central paths. The model incorporates SLF, contemporary resilience theory and an institutional framework to offer a clear-cut explanation of how policy efforts translate into the capacity of a community to withstand and adapt to climate change.
1.2	Application and Implications of the Theoretical Framework to the Study

The Sustainable Livelihoods and resilience-based framework integrates well with the semi-arid context of Yobe State, specifically Geidam, Nguru, and Potiskum LGAs.  These places are prone to recurrent droughts, erratic rains and land degradation.  These create livelihood vulnerability. In this scenario, resilience encompasses more than agricultural productivity; it is also the stock of livelihood assets and institutional systems.
The Sustainable Livelihoods Framework (SLF) can be used to systematically assess how policy interventions associated with CSA affect the five livelihood capitals natural, physical, human, social, and financial. Drought-tolerant seeds and soil conservation contribute to natural capital, irrigation and storage facilities to physical capital, farmer training to human capital, cooperatives to social capital, and credit schemes to financial capital. According to Ahmed et al. (2025), strengthening these assets is paramount for reducing vulnerability in highly climate-exposed LGAs such as Geidam and Nguru. Improved accessibility to Potiskum markets raises the importance of financial and institutional capital for adaptive capacity.
According to resilience theory, community resilience refers to the ability to absorb shocks, adapt to changing climatic conditions, and maintain stability in their livelihoods. Through extension services, agricultural programs and/or governance structures, institutional mediation effectively transforms if and only if the CSA intervention leads to increased livelihood assets and resilience outcomes. As noted by the author, the framework provides a generally context-sensitive explanation of how policy intervention in the CSA context can enhance the sustainable resilience of semi-arid Yobe State by strengthening asset systems and institutional effectiveness and not only through the adoption of technologies.

2. MATERIALS AND METHODS
2.1	Study Area
According to the Nigerian Meteorological agency (2024), Yobe state lies in the semi-arid Sudan-Sahel zone with low erratic rainfall. The area in question can be found or is situated between latitude 10° and 13° North and longitude 10° and 13° East.  The state is bordered by Borno State to the east, Jigawa State to the west, and Bauchi and Gombe States to the southwest, while the north faces the Republic of Niger. Situated mostly within the Sudano-Sahelian ecological zone, Yobe is a state of Nigeria that is said to have a land area of 45,502 square kilometres. It experiences semi-arid climatic conditions (IPCC, 2022; Mshelia et al., 2025) 
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Figure 3: The Study Area
According to United Nations Conventions to Combat Desertification [UNCCD] (2022), land degradation and desertification remain challenges. Nguru has benefited from the Hadejia–Nguru wetlands designated (Ramsar Convention, 2021), while Potiskum is the commercial centre (NBS, 2022). Low and erratic rainfall between 300 - 600 mm, high temperature, recurrent drought, and rising degradation of land make rainfall dependent agriculture highly vulnerable to climate change in the state. Most farming in the LGAs is smallholder and consists mainly of millet, sorghum and groundnut. Livestock rearing and petty trade further complement these. But that the variability of weather events, increasing dry spells and declining quality of soil are hampering agricultural production and the livelihoods of the rural people
2.2	Research Methodology
The research adopts a mixed-method design, which merges a quantitative household survey with qualitative interviews and focus group discussions. The double barrel design will obtain both statistically significant and contextually rich data to allow for triangulation (Creswell & Plano Clark, 2018). The hypotheses will be tested using quantitative data and qualitative insights will detail the institutional mediation and community level dynamics.
2.3	Study Population and Sampling Technique.

The farmers and pastoralists households in Geidam, Nguru, and Potiskum LGAs and communities participating in various CSA-related programmmes (such as ACRESAL, extension services) were determined using a multi-stage sampling technique. It is suitable for well diversed and huge populations (Kothari 2004). The purposive selection of three Local Government Areas (LGAs) based on ecological vulnerability is the first phase. They are:
a. Geidam LGA: Area prone to droughts.
b. Nguru LGA is considered a semi-arid zone as it is close to Hadejia-Nguru wetland.
c. Potiskum LGA boasts high level of commercialization in agriculture.
Phase two, which is the selection of three communities randomly done from each LGA using stratified sampling based on agro-ecological characteristics, exposure to drought/desertification and farming systems. In the third phase of the research, the selection of households was carried out, which led to the systematic selection of 30 farming households from each community, thus making a total of 90 respondents in each of the three LGAs. This then gives a total of 270 respondents from the nine communities (3 LGAs × 3 communities’ × 30 households or 3 LGAs x 90 households). Sample size was determined using standard household surveys so that the regression analyses would have sufficient statistical power. Households that were chiefly food crop farmers were selected.
2.4	Methods of Data Collection
Structured questionnaires were used in the quantitative survey on CSA adoption, livelihood capitals, institutional support and resilience indicators. The climate data (from Nigerian Meteorological Agency (NiMet), project report and policy documents secondary data was collected.
2.5	Variables and Measurement

The study generated data on independent variables such CSA policy interventions – measured by access to improved seeds, irrigation, extension service, credit, and insurance. In the same way, measuring mediating variables involving livelihood capitals such as human, social and natural, financial, physical,  Institutional mediation (governance quality, stakeholder participation, institutional capacity) as well as dependent variable: Community resilience (adaptability, livelihood security, food security, social cohesion).
2.6	Data Analysis

The researcher used both descriptive and inferential statistics to analyse the data collected.  The socio-economic characteristics of the respondents and their perceptions to climate change effects were summarized using frequencies, percentages and means.

Data were analyzed using:
· Descriptive statistics
· One-way ANOVA
· Multiple linear regression
· Mediation analysis
Significant level was set at α = 0.05

This study utilized the arithmetic mean, standard deviation, charts, graphs, and tables as the descriptive statistical method. The frequencies, percentages means and standard deviations of the socioeconomic characteristics of respondents were discussed across Geidam, Nguru and Potiskum LGAs (N = 270), climate stress, crop production impacts, livelihood sustainability and adaptation intensity.
Mean
X   =          
	
Where  = (read as x bar) is the symbol for the sum of the variables x 
		n = number of value in the variable x
		∑X = Sum of all values in variable x  

2.6.1	Standard Deviation (SD)
        S= Formula:			
		 =  = 
Where X = arithmetic mean or individual value
		 = Sample mean
		n = sample size
                    ∑ = summation
		S = Standard deviation

2.6.2	One-Way Analysis of Variance (ANOVA)

The assessment of climate change impact across LGAs is done using a one-way ANOVA with the Composite Climate Change Impact Index (CCII) as the dependent variable.  The one-way ANOVA examined whether mean CCII differ among the three LGAs. This will provide an indication of whether there are spatial differences in climate change impacts that the householders perceive across the study area. ANOVA is suitable for examining differences between means of more than two groups
Yij = μ +ᴛi + 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
	F =   Hypothesis Tested 
Ho = μ = μ2 = μ3
(There is no significant difference in mean CCII across LGAs)

 F-statistic

F =   

	𝑀𝑆𝑏𝑒𝑡𝑤𝑒𝑒𝑛 = 

	𝑀𝑆𝑤𝑖𝑡ℎ𝑖𝑛 = 
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,	
	S𝑆𝑤𝑖tℎ𝑖  =   ∑(− )2
2.6.3	Regression Equations
Below are the formal regression equations for three hierarchical models used in the study 

Where:
· CRi  = Community Resilience (dependent variable)
· CSAi = Climate-Smart Agriculture interventions
· LCi  = Livelihood Capitals (composite index)
· IMi = Institutional Mediation
· AGEi = Age of household head
· EDUi= Years of education
· HHi = Household size
· INCi = Farm income
· LGA1i, LGA2i = Variables (Nguru, Potiskum; Geidam = reference)
· ε i = Error term
Model 1 (Baseline)
	CRi = β₀ + β₁ CSAi + ε
Model 2 (Socioeconomic Controls Added)
CRi = β₀ + β₁ CSAi + β₂AGEi + β₃EDUi + β₄ HHi + β₅INCi + β6LGA1i + β7LGA2i + ε
Model 3 (Full Hierarchical Model)
CRi = β₀ + β₁ CSAi + β₂LCi + β₃IMi + β₄ AGEi + β₅EDUi + β6HHi + β7INCi +β8LGA1i + β7LGA2i + ε

Reliability & Validity Checks
- Cronbach’s Alpha for internal consistency of each constructs (CSA interventions, natural capital).

2.4.4	Composite Reliability (CR) and Average Variance Extracted (AVE) if you move into SEM
CR = 
AVE =   
Where: 
	λi = standardized factor loading i
	AVE =  λi2 = Squared loading
	1 - λi2 = measurement error variance
	k = umber of indicators 
Exploratory Factor Analysis (EFA) to see if items load onto expected constructs.

2.6.5	Structural Equation Modeling (SEM)
Measurement model (Confirmatory Factor Analysis, CFA): Validate constructs (CSA interventions, livelihood capitals, resilience outcomes).
General CFA
X = Ʌxℰ + ι
y = Ʌyƞ + 

Where:
	X = vector of observed exogenous indicator
	Y = vector of observed exogenous indicator
	Ʌx, Ʌu = factors loading matrices 
	ℰ, ƞ = latent constructs
	δ, ℇ=measurement error terms
CAF Model fit this Research
  - Structural model: Test hypothesized relationships:
  - CSA interventions - Livelihood Capitals
  - Livelihood Capitals - Community Resilience
  - Institutional Mediation as a moderator/mediator
CAS1 = λi CSA….
RES1 =  λi RES ….

Multi-group SEM: Compare path strengths across LGAs (Geidam vs Nguru vs Potiskum).
Structural Equation for Each Group
Resilience = β₁ CSAi = β2 livelihood + β3 institutional + ε
Then compare βGeigam - βNguru

3. RESULTS AND DISCUSSION
3.1	Socio-economic Attributes of Respondents

Statistical analysis techniques were employed to determine the baseline socio-economic characteristics of respondents and the central tendencies of study constructs across Geidam, Nguru and Potiskum LGAs (n=90 per LGA; N=270).  Descriptive statistic for a categorical measure of the socio-economic variables, frequency and percentage was calculated. For other scaled Likert constructs which were measured on a 5-point scale (1 = Strongly Disagree to 5 = Strongly Agree), means and standard deviation was calculated.

3.2	Characteristics of Respondents

According to Table 1, the socioeconomic characteristics of the respondents across the three LGAs are largely similar among the 270 sampled individuals. The farming community is mostly men (93%) due to the gender roles within the production systems in semi-arid Nigeria. Most of the household heads are in their economically active age. More than 2 in 3 household heads (69%) are in the age bracket of 20-40 years. The rate of education is generally low. More than half 54.1% of respondents had an education level between 1 to 5 years. This can affect the adoption of highly complex climate-smart agricultural practices. Households generally are of large families as 52.2% of sampled households have 6-10 members signifying high dependency ratio. Most farmers 51.1% have been farming for about 6 – 10 years indicating they have a practical knowledge of farming. Farmers with practical knowledge may not want to give up their old way of farming.  According to cropping patterns millet cultivation either alone (22.2%) or in combination like beans and sorghum is more pervasive in all the three LGAs. Thus, millet is an important crop in the semi-arid environment as it is drought-tolerant. Mixed cropping is also quite common (21.5%), which is a traditional risk management strategy that aligns with the principles of climate-smart agriculture.

Table 1: Socioeconomic Characteristics of Respondents by LGA (n = 90 per LGA)
	Variable
	Category
	Geidam n (%)
	Nguru n (%)
	Potiskum n (%)

	Sex of household head
	Male
	83 (92.2)
	84 (93.3)
	84 (93.3)

	Age group
	31–40 years
	35 (38.9)
	40 (44.4)
	40 (44.4)

	Education level
	1–5 years
	53 (58.9)
	49 (54.4)
	44 (48.9)

	Household size
	6–10 members
	45 (50.0)
	48 (53.3)
	48 (53.3)

	Farming experience
	6–10 years
	43 (47.8)
	48 (53.3)
	47 (52.2)

	Primary crop
	Millet
	21 (23.3)
	21 (23.3)
	18 (20.0)

	Cropping system
	Mixed cropping
	22 (24.4)
	19 (21.1)
	17 (18.9)


Note. Percentages are based on n = 90 per LGA.
Source: Field Survey (2026)

3.3	Descriptive statistics at the construct level across LGAs

Table 2 provides descriptive statistics for the main constructs examined in the study, which relates to climate smart agriculture (CSA) livelihood capitals, institutional mediation and community resilience for Geidam, Nguru and Potiskum Local Government Areas. The respondents reasonably agree to an extent on these constructs, as the overall mean scores are equal to or greater than 2.79 and less than or equal to 3.70 

Table 2: Construct-Level Descriptive Statistics across LGAs (1–5 Scale)
	Construct
	Geidam M (SD)
	Nguru M (SD)
	Potiskum M (SD)
	Overall M (SD)

	CSA Policy Interventions
	3.21 (0.56)
	3.17 (0.55)
	3.11 (0.54)
	3.16 (0.55)

	Natural Capital
	3.55 (0.78)
	3.50 (0.79)
	3.49 (0.76)
	3.51 (0.78)

	Human Capital
	3.25 (0.86)
	3.30 (0.85)
	3.19 (0.82)
	3.25 (0.84)

	Social Capital
	3.15 (0.93)
	3.20 (0.93)
	3.20 (0.93)
	3.18 (0.93)

	Financial Capital
	2.98 (0.98)
	3.00 (0.97)
	2.96 (0.94)
	2.98 (0.96)

	Physical Capital
	3.47 (0.74)
	3.53 (0.79)
	3.44 (0.75)
	3.48 (0.76)

	Livelihood Capitals (Overall)
	3.28 (0.52)
	3.31 (0.53)
	3.26 (0.51)
	3.28 (0.52)

	Institutional Mediation
	2.86 (0.78)
	2.89 (0.77)
	2.79 (0.74)
	2.85 (0.76)

	Adaptive Capacity
	3.70 (0.76)
	3.69 (0.77)
	3.59 (0.73)
	3.66 (0.75)

	Livelihood Security
	3.04 (0.91)
	3.00 (0.91)
	2.92 (0.88)
	2.99 (0.90)

	Food Security
	3.03 (0.97)
	3.01 (0.98)
	2.98 (0.96)
	3.01 (0.97)

	Social Cohesion
	3.12 (0.86)
	3.09 (0.86)
	3.10 (0.85)
	3.10 (0.86)

	Community Resilience (Overall)
	3.22 (0.65)
	3.20 (0.66)
	3.15 (0.63)
	3.19 (0.65)


Note. Scale: 1 = Strongly Disagree, 5 = Strongly Agree Note. Likert scale: 1 = Strongly Disagree; 5 = Strongly Agree.
Source: Field Survey (2026)

3.4	Interventions on CSA Policy and Livelihood Capitals

The average rating of CSA policy interventions (M = 3.16) indicates that smallholder farmers are aware of CSA policies, but these policies are not being implemented or utilized effectively. As with other sub-Saharan CSA frameworks, institutional and implementation gaps are mentioned to continue to limit on the ground effectiveness. Access to extension services and credit often determine the adoption of CSA, but this remains heterogeneous across regions (Finizola e Silva et al., 2024).

Physical Capital has the highest mean (M = 3.48) among livelihood capitals indicating that relative availability of infrastructure elements like road, storage, market access is comparatively more available than other assets. The study affirms that an enhancement of the infrastructure will improve market access and farm productivity. Improved infrastructure, along with other adaptive technologies, helps build resilience (Audu et al., 2021). In a similar way, Natural Capital is also showing relatively strong mean (M = 3.51). Studies looking at smallholder farming contexts gifts us insight as to how access to land and water, as the case may be, determine productive capacity and resilience (Ejeh et al., 2025). Human (M = 3.25) and Social Capital (M = 3.18) are relatively moderate, reflecting workers’ skills and social networks that might support collective adaptation strategies, consistent with literature highlighting the importance of human and social capital in influencing adaptation uptake.
Financial capital is the weakest (M = 2.98). Respondents find it difficult to access finance e.g. credit, savings, or financial technologies. This evidence is consistent with a growing evidence base in sub-Saharan Africa that a lack of access to credit and financial inclusion are major constraints to adaptation and food security outcomes .1 2023a.
3.5	Organizational Mediation

The mean score on Institutional Mediation (M = 2.85) is overall the lowest. This indicates the respondents believe there is low stakeholder participation, transparency and there are weak support systems from institutions. The literature often points out how weak governance structures can inhibit climate-smart agriculture and resilience to climate change in agricultural communities. Multi-level governance development is lacking in these contexts (Adenle et al., 2019).

3.6	Results with Community Strength

Farmers are acquainted with climate change and they are trying to learn new innovative agricultural practices to implement for achieving higher yield and maintain production.  This aligns with findings that indicate that CSA adoption increases adaptive capacities when linkages are available – or extension services and knowledge transfer. Despite this, Livelihood Security with M = 2.99 and Food Security M = 3.01 are lower. Evidence from the literature indicates that CSA adoption can improve food security but is dependent on finance, market and institutional linkages among other things (IPCC, 2022).  In the same vein, the Social Cohesion (M = 3.10) has a moderate level which signifies there are some elements of collective action and household mutual support which are however not much regarded as resilience enhancer within rural agricultural settings context (World Bank 2025).

3.7	Comparison of Local Governments

The small mean differences observed across the LGAs (<0.15) suggest structural uniformity on livelihood conditions, resilience capacities, and institutional experiences in the semi-arid zones of Yobe State.  This is in line with earlier research which finds that semi-arid areas of West Africa face similar exposure to climate stressors and socio-economic constraints that shape adaptation outcomes in similar ways (FAO, 2021).

3.8	One-way ANOVA comparing construct means across LGAs.

Using one-way ANOVA, the study examined whether construct perceptions differs significantly across Geidam, Nguru, and Potiskum LGAs. The results in Table 3 showed that construct scores are the mean of their indicators.

Table 3: One-Way ANOVA Comparing Construct Means Across Geidam, Nguru, and Potiskum LGAs (N = 270)
	Construct
	Geidam M (SD)
	Nguru M (SD)
	Potiskum M (SD)
	F(2,267)
	P
	η²

	CSA Policy Interventions
	3.21 (0.56)
	3.17 (0.55)
	3.11 (0.54)
	0.753
	.472
	.006

	Natural Capital
	3.55 (0.78)
	3.50 (0.79)
	3.49 (0.76)
	0.154
	.857
	.001

	Human Capital
	3.25 (0.86)
	3.30 (0.85)
	3.19 (0.82)
	0.384
	.681
	.003

	Social Capital
	3.15 (0.93)
	3.20 (0.93)
	3.20 (0.93)
	0.087
	.917
	.001

	Financial Capital
	2.98 (0.98)
	3.00 (0.97)
	2.96 (0.94)
	0.039
	.962
	<.001

	Physical Capital
	3.47 (0.74)
	3.53 (0.79)
	3.44 (0.75)
	0.327
	.721
	.002

	Institutional Mediation
	2.86 (0.78)
	2.89 (0.77)
	2.79 (0.74)
	0.406
	.667
	.003

	Adaptive Capacity
	3.70 (0.76)
	3.69 (0.77)
	3.59 (0.73)
	0.586
	.557
	.004

	Livelihood Security
	3.04 (0.91)
	3.00 (0.91)
	2.92 (0.88)
	0.415
	.661
	.003

	Food Security
	3.03 (0.97)
	3.01 (0.98)
	2.98 (0.96)
	0.061
	.941
	<.001

	Social Cohesion
	3.12 (0.86)
	3.09 (0.86)
	3.10 (0.85)
	0.029
	.972
	<.001


Note. η² = Eta squared effect size. Values < .01 indicate trivial effect sizes.
Source: Field Survey (2026)

The omnibus F-tests for all constructs is not statistically significant (p > .05). This means there were no significant differences in perceptions among respondents across the three LGAs. According to the results, effect sizes (η²) are very small (all < .01), confirming that LGA membership explains <1% of variance in any construct. It indicates that Geidam, Nguru and Potiskum have trivial practical differences. The effect size of CSA Policy Interventions (η² = .006) is the largest (but still negligible). However, this is still below conventional cut-off criteria for a small effect (.01).
3.9	Regression Examination of Predictive Relationships

We conducted multiple and hierarchical regression analyses to examine predictive relationships beyond ANOVA. The aim of the regressions included: (i) to what extent do CSA policy interventions predict resilience; (ii) do livelihood capitals explain additional difference over and above socio-economic characteristics; as well as (iii) do CSA effects mitigate after the enrolment of capitals (indicating mediation)? Using aggregated construct means (1−5 scale), Ordinary Least Squares (OLS) regression was used for every of the analysis as with studied already conducted in semi-arid Nigeria.

3.10	Setting out the model

Dependent Variable (DV)
Composite of community resilience (Y)
The average of several factors indicates positive human welfare.
The Mean Overall is 3.04 SD and 0.65.
Independent Variables (IV)

Main influence
-	Interventions of the CSA Policy
Socioeconomic Controls
· Age (31–40 % proxy and number of years spent in education-based codes)
· Education (1–5 years %; inverse coded)
· Household Size (6–10 members %)

Types of Capital:
· Nature’s assets.
· Manpower 
· Community connections.
· Money or cash
· Material Assets

3.11	Hierarchical Regression Analysis

Findings in Table 4 from hierarchical regression analyses strongly indicate that climate-smart agriculture policy interventions enhance community resilience in semi-arid northern Nigeria through accumulation of livelihood capitals.

Table 4 shows that CSA alone explains 38% of the variance in community resilience (R² = .38, p < .001) with a fairly large unstandardized effect. The magnitude of this effect confirms that greater exposure to CSA-related services such as improved inputs, extension support & adaptive technologies directly strengthens adaptive capacity and livelihood security. Thus, the baseline model (CRi = β₀ + β₁ CSAi + ε) gives β = 0.62. Similar magnitudes have been reported in dryland SSA context where CSA participation significantly predicts resilience indices (Abegunde et al., 2019; Amadu et al., 2020).
3.12	Summary of Hierarchical Regression Model 

The table shows the results of regression analysis using CSA predictive models and the CSA Socio has a value of 0.285. The distinction between CSA, Capitals and Socio is significant, with a value of 0.906.
Table 4: Hierarchical Regression Model Summary
	Model
	Predictors
	R
	R²
	Adjusted R²
	ΔR²
	F(df)
	P

	1
	CSA
	.616
	.380
	.377
	.380
	45.2 (1,268)
	<.001

	2
	CSA + Socio
	.685
	.470
	.458
	.090
	28.3 (4,265)
	<.001

	3
	CSA + Capitals + Socio
	.906
	.820
	.813
	.350
	62.4 (9,260)
	<.001


Source: Field Survey (2026)
Field Survey (2026) 
The first model explains 38% resilience variance socio-economic variables and 9% incremental variance livelihoods Capitals add 35 percent additional variance and Final model explains 82 percent total variance. An R² value of 0.82 shows very strong predictive ability.
In Model 2, inclusion of socioeconomic controls accounted for a small increase in explained variance (ΔR² = .09), but Age, Education and Household size were still non-significant. The fact that CSA significance is strong, β = 0.41, p < .01, implies that resilience gains are not the result of differences in demographic categories but are instead already structurally linked to exposure to agricultural policy (see Table 5). This finding supports recent evidence from West Africa that demographic characteristics explain less variation in resilience than institutions and assets (Issahaku & Abdulai, 2020; Partey et al., 2021). Yobe State displays a common vulnerability for all ages and education groups in the fragile semi-arid system. This vulnerability is more determined by structural access to productive resources.
Table 5: Regression Coefficients (Unstandardized β)
	Predictor
	Model 1 β (SE)
	Model 2 β (SE)
	Model 3 β (SE)

	CSA Policy
	0.62 (0.11)**
	0.41 (0.12)**
	0.28 (0.09)**

	Age (31–40%)
	—
	-0.08 (0.09)
	-0.05 (0.06)

	Education (Low; inv)
	—
	-0.15 (0.10)
	-0.07 (0.07)

	HH Size (6–10%)
	—
	0.12 (0.08)
	0.09 (0.06)

	Natural Capital
	—
	—
	0.31 (0.12)**

	Human Capital
	—
	—
	0.14 (0.11)

	Social Capital
	—
	—
	0.22 (0.10)*

	Financial Capital
	—
	—
	-0.06 (0.13)

	Physical Capital
	—
	—
	0.37 (0.14)**


Note: p < .01, *p < .05
Source: Field Survey (2026)

The addition of livelihood capitals in model 3 substantially improved explained variance (ΔR² = .35), with a final R² of .82. The remarkably high explanatory capacity coincides with the integrated livelihood-resilience frameworks applied in African drylands (Nnawuihe et al. 2026; Eriksen et al., 2021). Crucially, adding capitals to the model reduced the CSA coefficient from 0.41 to 0.28, confirming partial mediation (see Table 5). It supports our theoretical cascade in which CSA builds capitals, and capitals drive resilience outcomes. In Ethiopia and northern Ghana, agricultural adaptation interventions were found to enhance resilience not via direct effects but through asset accumulation (Kassie et al., 2020; Martey et al., 2022). 
The most significant predictor out of the capital components is physical capital (β = 0.37, p < .01), followed by natural capital (β = 0.31, p < .01) and social capital (β = 0.22, p < .05). In semi-arid Nigeria, the predominance of physical capital reflects the infrastructural sensitivity of resilience. Access to irrigation facilities, improved storage, farming machinery and climate-resilient inputs appears key to buffering the impact of the climate. Evidence from northern Nigeria and the Sahel reveal that infrastructure investment can significantly improve household adaptive capacity (Mustapha et al., 2021; World Bank, 2022).
The importance of natural capital in recognizing the ecological basis for resilience in farming systems is significant.  Soil fertility, land quality, and water availability continue to be crucial determinants of agriculture productivity under climate stressors.  Recent evaluations of climate hazards in West Africa have also identified the quality of ecosystems as a key driver of resilience. Social capital’s positive effect also underscores the crucial role of cooperative networks and collective action mechanisms in strengthening adaptive responses, as evidenced by previous findings from rural resilience studies conducted in Sub-Saharan Africa (Adu et al., 2023; Mshelia et al., 2025). On the other hand, financial capital was not statistically significant. This means that financial income or access to less credit does not necessarily lead to durable resilience in a context of financial underdevelopment or when the climate shocks are structural rather than temporary. Similar trends have been observed in fragile dryland economies where informal finance is unable to mitigate systemic vulnerability (FAO, 2021; Martey et al., 2022). The insignificance of human capital may be a reflection of relatively uniform level of education across the LGAs sampled.
Robustness diagnostics confirm validity of Ordinary Least Squares (OLS) estimates. No multicollinearity problem (VIF < 3), acceptable normality of the residuals, homoscedasticity, and Durbin–Watson statistic (Durbin and Watson, 1950) close to 2.0 indicate stable parameter estimates. It is therefore safe to extend the analysis using structural modeling. The final model F-statistic (F (9,260) = 62.4, p < .001) and R² (.82) show strong statistical power, similar to high-performance resilience models in recent climate adaptation research (Béné et al., 2021); IPCC, 2022).
The results of the regression generally coincide with the SEM results and validate an asset-based resilience pathway in Yobe State. Interventions linked to CSA make important contributions to resilience but are shown to operate primarily indirectly by strengthening the physical, natural and social capitals of people across the world. The aforementioned results are consistent with contemporary resilience theory, which highlights settings or adaptive capacities themselves as structurally embedded or located in livelihood asset systems and not limited to policy exposure (Eriksen et al., 2021; IPCC, 2022). The implications for policy are obvious. Scaling CSA programs without the simultaneous deepening of capital, particularly investment in infrastructure and ecology, may stunt resilience gains in semi-arid northern Nigeria.
3.13	Modeling structural equations 
The entire SEM results from the Yobe State survey data (N = 270; 90 respondents each from Geidam, Nguru, and Potiskum LGAs) are presented in this section. It is believed that the Climate-Smart Agriculture Policy uses Livelihood Capitals, Institutional Mediation to enhance resilience.
As illustrated in Figure 3, the analysis employed the Partial Least Square – Structural Equation Modeling (PLS-SEM) path model demonstrating relationships between CSA Interventions, Institutional Mediation, Livelihood capitals and community resilience. The results of the structural models indicate that CSA interventions have a positive impact upon livelihood capitals (β = .68, p < .001). The livelihood capitals strongly influence community resilience (β = .72, p < .001). Institutional mediation serves as a partial mediator in this relationship (indirect β = .23, p < .001). The model accounts for 76% of variance in community resilience, implying strong prediction power. In the Geidam, Nguru and Potiskum LGAs of Yobe State, the results found that CSA interventions significantly strengthen livelihood capitals which are the key pathways of enhancing community resilience. As the area has large exposure to climate variability and environmental degradation, resilience mainly relies on assets. Institutions support it.  The model does a good job of explaining the scenario (R² 0.76) hence enhancing sustainable livelihood as well as effective institutional mediation must be climate adaptation strategies in Yobe State.
Informational Note In general, the data may not be complete for any given class of statistical units. In general, the data may not be complete for any given class of statistical units. In general, the data may not be complete for any given class of statistical units.
All paths shown as standardized coefficient.
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Note:
****p < .01, ***p < .011; All paths shown as standardized coefficient 

Figure 3: Structural Model (PLS-SEM)
Source: Field Survey (2026)

3.14	Measurement Model (Confirmatory Factor Analysis).
Before estimating structural relationships, Confirmatory Factor Analysis was performed to validate the latent constructs.
Fit indices of the measurement model were acceptable to good.
· Chi-Squared at 45, 78.2, 0.00
· CFI is equal to 0.94
· TLI is equal to zero point nine two.
· RMSEA is zero point zero six.
· The SRMR equals zero point zero four.

All the indices are within recommended thresholds (CFI/TLI ≥ 0.90; RMSEA ≤ 0.08; SRMR ≤ 0.08), indicating the adequacy of the model.
3.15	Dependability and Consistent Validity

As shown in Table 6, all factor loadings were greater than 0.60. The fact that CRs came out to be above 0.70 and the AVE was above 0.50 confirmed the convergent validity. Achieved discriminant validity as square rooting AVE is more than inter-construct correlation. In Yobe State semi-arid, people’s ability to build or invest in physical assets proved a strong resilience indicator.
Table 6: Reliability and Convergent Validity
	Construct
	Cronbach’s α
	Composite Reliability (CR)
	AVE
	Factor Loadings

	CSA Policy Interventions
	0.88
	0.90
	0.64
	0.67 – 0.86

	Livelihood Capitals
	0.91
	0.93
	0.71
	0.72 – 0.92

	Institutional Mediation
	0.83
	0.86
	0.60
	0.65 – 0.84

	Community Resilience
	0.89
	0.92
	0.69
	0.70 – 0.90


Source: Field Survey (2026)

After validating the measurement scale, the structural model was estimated.
General Agreement amongst Observations
· The value of CFI is 0.95. 
· RMSEA = .05 
· SRMR is under 0.08, indicating a robust model.
· The community resilience is 0.76.
The model accounts for 68% of the variation in Livelihood Capitals and 76% of the variation in Community Resilience, thus indicating its strong explanatory power (Table 7).
Table 7: Direct and Indirect Effects
	Hypothesized Path
	Β
	SE
	p-value
	Interpretation

	CSA - Livelihood Capitals
	0.68
	0.09
	<0.001
	Strong positive effect

	Livelihood Capitals – Resilience
	0.72
	0.08
	<0.001
	Very strong effect

	Institutional Mediation – Resilience
	0.19
	0.07
	<0.01
	Moderate direct effect

	CSA - Institutional Mediation
	0.35
	0.08
	<0.001
	Significant effect

	CSA - Resilience (direct)
	0.21
	0.07
	<0.01
	Partial mediation


Source: Field Survey (2026)

Secondary consequences:
· Resilience is equal to CSA minus Capitals.
· The CSA institutional mediation resilience score is 0.23.
· The overall impact of CSA on resilience is 0.70.
Approximately 52% of CSA’s impact on resilience is mediated by Livelihood Capitals, supporting the postulated cascade mechanism.
3.16	Multi-Group SEM (Comparisons of LGA)

The variance was measured in Geidam, Nguru and Potiskum through a multi-group analysis test. The measurement model was found to function equivalently across LGAs, as evidenced by the configural invariance (ΔCFI < 0.01). As presented in Table 8, Geidam has the highest institutional mediation effect, indicating that institutional structures are especially important in fragile or conflict-affected areas. Across LGAs, there were no significant differences in the pathway of the core CSA between capitals’ resilience.

Table 8: Structural Path Differences
	Path
	Geidam (β)
	Nguru (β)
	Potiskum (β)
	Δχ² (p)

	CSA – Capitals
	0.74
	0.65
	0.64
	2.8 (0.24)

	Capitals – Resilience
	0.69
	0.78
	0.70
	4.1 (0.13)

	Institutional Mediation – Resilience
	0.25*
	0.14
	0.18
	5.6 (0.06)


Source: Field Survey (2026.
3.17	An Analysis on SEM

This section shows the full SEM results based on the Yobe State survey data (N = 270; 90 respondents each from Geidam, Nguru, Potiskum LGAs).  The relationships between CSA Policy Interventions, Livelihood Capitals, Institutional Mediation and Community Resilience were examined by the model.  The SEM findings offer substantial evidence that CSA intervention enhances community resilience through the strengthening of livelihood capitals in semi-arid Yobe State. Measurement model had an acceptable fit (CFI = 0.94; RMSEA = 0.06; SRMR = 0.04) showing the existence of construct validity and reliability of CSA interventions, livelihood capitals, institutional mediation, and resilience outcomes. Recommended thresholds for the fit statistics are met and they are similar to CSA-resilience SEM applications in Sub-Saharan Africa (Kassie et al. 2020; Partey et al. 2021; Adu et al. 2023).

3.18	Mediation Approach Based On Assets.

The most powerful structural pathway was Livelihood Capitals to Community Resilience (β = 0.72, p < .001), followed by CSA to Livelihood Capitals (β = 0.68, p < .001). This establishes a clear cascade mechanism mediated by assets: CSA - Livelihood Capitals - Resilience. The indirect effect (0.49) implies that over half (≈52%) of the total influence of CSA on resilience occurs through capital accumulation. The mediation structure matches with contemporary resilience theory which identifies the adaptive capacity as being embedded within the livelihood asset systems and not the exposure to the policy measure (Béné et al., 2021; Eriksen et al., 2021; Nnawuihe et al. 2026). Similar mediation effects have been reported in Ethiopia and Ghana where the effect of CSA adoption on resilience is mostly through the enhancement of physical, natural, and social assets.

The high explained variance (R² = 0.76) of this study was higher than in many recent CSA-resilience SEM studies which report R² values of 0.45 to 0.65 (Partey et al., 2021; Adu et al., 2023). This indicates that northeastern Nigeria’s fragile semi-arid environments have a particularly strong structural interdependence between policy interventions and livelihood systems.
3.19	Influence of Physical and Natural Capital

Physical capital had the highest factor loadings (0.85–0.92) and was the leading resilience factor. Consistent with evidence from the Sahel and northern Nigeria, the more access farmers have to irrigation infrastructure, farm inputs and storage and mechanization systems, the more their farms are buffered against climate shocks (Mustapha et al, 2021; World Bank 2022). The IPCC (2022) also stresses infrastructure-sensitive adaptation pathways for dryland agrarian systems.

The ecological foundation of rural communities’ adaptive capacity benefited greatly from natural capital.  With increasing variability in climate, the agricultural productivity will be determined by soil fertility, land quality, and water. Recent studies of climate shocks in West Africa demonstrate that the degradation of the ecosystem strongly undermines the resilience of the household (Sultan et al., 2019; IPCC, 2022; Mshelia et al., 2020). The findings on social capital’s (via institutional mediation and collective action mechanisms) positive contributions are consistent with a wealth of rural resilience literature from sub-Saharan Africa (Adu et al., 2023; Nnawuihe et al. 2026). When residents work together collaboratively and trust each other, information flows better. They share resources and adapt in a coordinated way.
3.20	Sensitivity towards Governance and Institutional Mediation

Institutional mediation had a small direct effect (β = 0.19, p < .01), but an indirect CSA-mediated pathway (0.23). This confirms that quality of governance, the policy coordination, and institutional delivery systems are central to resilience outcomes. The institutional effect observed in Geidam is stronger; by implication, fragile or conflict-affected areas are more responsive to this. Recent studies on adaptation with a focus on governance highlight that, at least in the review of Eriksen et al. (2021) institutional effectiveness may determine whether policies for adaptation get translated into livelihood effects (FAO, 2021). In conflict-prone areas of the Sahel, institutional weakness can undermine the resilience benefits of effective CSA interventions.

3.21	Stability of Local Government Areas (LGAs) Groups

Results of multi-group SEM affirmed the configural invariance (ΔCFI < 0.01), which indicates structural consistency of Geidam, Nguru and Potiskum. The lack of statistically significant path distinctions between LGAs in the core CSA – Capitals – Resilience mechanism indicates structural similarity of resilience construction across LGAs. Such wider regional evidence suggests asset-based resilience pathways are relevant in different agro-ecologies in West Africa (Partey et al., 202; Mshelia et al. 2021). Nonetheless, the relative strength of the Geidam institutional pathway highlights governance sensitivity. In northern Ghana and Ethiopia, institutional adaptation effectiveness has shown a similar spatial heterogeneity (Martey et al., 2022).

3.22	Theoretical Input

The findings provide strong support for the Sustainable Livelihoods Framework and contemporary resilience theory by quantifying capital-specific mediating effects in a semi-arid community in Nigeria. Earlier studies have found a link between the adoption of CSA and resilience, this study pushes the literature further by.
a. There is strong evidence of mediation.
b. Displaying good explanatory of 76% (R² = 0.76),
c. Confirming cross-LGA structural consistency in a conflict hit dryland area.
These contributions answer calls in recent climate adaptation scholarship for integrated, systems-based modeling approaches that capture indirect institutional and asset pathways (Béné et al., 2021; IPCC, 2022).
3.23	Importance of policy in climate issues of 2020s.

The results suggest that adapting CSA (climate-smart agriculture) without physical investments and ecological restoration may jeopardize long-term resilience outcomes in the context of growing climate variability in the Sahel (IPCC, 2022). In semi-arid northern Nigeria, irrigation and storage systems are examples of infrastructure-led adaptations that work. Moreover, the moderate but significant institutional pathway suggests that along with technology interventions governance strengthening and policy coordination. According to FAO (2021), the recommendation strategy must go beyond improving crop input delivery. 

4. CONCLUSION
According to the study, CSA policy interventions significantly reinforce the resilience of communities in semi-arid northeastern Nigeria through strengthening livelihood capitals. Furthermore, this evidence is substantial and robust. Applying hierarchical regression and Structural Equation Modelling (SEM) to data derived from 270 households in Geidam, Nguru, and Potiskum LGAs in Yobe State, the result shows a clear structural cascade where CSA interventions improve livelihood capitals that drive resilience outcomes. The SEM findings reveal that more than half of the CSA's total effect on resilience is mediated by livelihood capitals, and physical and natural capital are the most influential. The final structural model has an indicative high explanatory power (R²=0.76–0.82 across methods) pointing to asset accumulation as the key factor for a resilience lens in a climate-exposed fragile environment. In particular places such as Geidam, mediation by institutions plays a helpful role but not always.
The research provides empirical evidence on capital-specific mediation pathways in a conflict-affected Sahelian context. Although not all resilience stems from experiences with policy, much of it is structurally embedded in livelihood asset systems. CSA acts as a trigger; however, the depth of capital determines adaptive capacity. This finding enhances the Sustainable Livelihoods and climate adaptation frameworks through the institutional and infrastructural understanding in a single structural model.  The research offers extensive empirical backing for the asset-based resilience route in the semi-arid region of northern Nigeria and contributes to the new body of scholarship focused on climate adaptation that proposes system transformation rather than the technical solution.
4.1 Suggestions for Policy
The results have important implications for climate adaptation and rural development policy in semi-arid regions of Sub-Saharan Africa.
i. Investment in physical capital should be prioritized in CSA programming. Expanding irrigation, building rural infrastructure, creating climate-ready storage systems, gaining access to mechanization, and improving farm inputs represent the best leverage points for enhancing resilience. Dryland agrarian systems can benefit from adaptation pathways that are sensitive to infrastructure.
ii. Strategies for adaptation must include natural capital restoration. The essential elements of long-term adaptive capacity include soil fertility management, water harvesting, sustainable land-use planning, and ecosystem restoration. A drop in resilience potential is caused by ecological degradation.
iii. Technological adjustments must have at least 50 assistant for institutional change The effectiveness of governance and of extension delivery systems, cooperative structures, and local policy co-ordination will enhance the benefits from CSA. The stronger institutional effect in Geidam indicates that the marginal effect of governance reform is higher in vulnerable settings.
iv. Adaptation programming should use a multisectoral livelihood capital approach. Policies that only target financial inclusion or just the distribution of inputs will bring limited resilience benefits. However, if they are embedded in bigger asset-building plans, these will include physical, natural and social assets.
v. LGA-specific implementation strategies should be developed Through Geidam, Nguru and Potiskum, the structural resilience pathway is invariant but institutional sensitivity pattern varies. This implies need for policy targeting.
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