






Analysis of the Village Food Security Program Strategy to Realise a Food Self-Sufficient Area in Batumbulan Baru Village, Babussalam District



Abstract

	Village food security is essential for inclusive rural development, yet it is often constrained by infrastructure gaps and weak farmer institutions. This study evaluates food-security strategy in Batumbulan Baru Village (Southeast Aceh, Indonesia) by integrating PLS-SEM and AHP. Using a household survey (n = 60), PLS-SEM tests the effects of agricultural infrastructure and farmer institutional capacity (X1), Village Fund utilisation (X2), and the food-system process (production–distribution–consumption; M) on food security (Y). Results show that Village Fund utilisation strongly strengthens the food-system process (X2→M: β = 0.768; p < 0.001), while the process has a positive but marginal association with food security (M→Y: β = 0.345; p = 0.080). The indirect effect of Village Funds on food security through the process is also marginally supported (X2→M→Y: β = 0.265; p = 0.092), whereas X1 has no significant direct effect on Y (β = −0.736; p = 0.144), indicating an implementation gap. AHP prioritises irrigation (0.31), farmer training (0.23), post-harvest facilities (0.19), cooperative revitalisation (0.15), and village market development (0.12). This integrated framework helps align Village Fund planning with evidence-based priorities for rural food security.
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1. Introduction

Food security is a strategic issue that shapes the sustainability of development, particularly at the local level. In the Indonesian context, food security carries major importance because rural areas remain the primary base of food production. At the village level, food security depends not only on food availability but also on accessibility and the utilisation of nutritious food. Batumbulan Baru Village, located in Babussalam District, Southeast Aceh, has strong agrarian potential; however, the use of Village Funds to strengthen the local food system has not been optimal (Wijatmoko et al., 2023; Baer-Nawrocka & Sadowski, 2019).

Improving village food security requires a comprehensive development strategy that does not focus solely on production, but also addresses distribution and food consumption. To achieve food self-sufficiency at the village level, integrated and evidence-based policies are needed (Stage & Rekve, 1998).  Therefore, this study combines Structural Equation Modeling (SEM) and the Analytic Hierarchy Process (AHP) to provide deeper insight into the relationships among factors influencing village food security (Chen et al., 2022; Erokhin et al., 2022).

Formulating an effective food security strategy requires a data-driven approach capable of capturing the dynamics among key variables (Vanany et al., 2021). In Batumbulan Baru Village, the central problem is the suboptimal utilisation of Village Funds to support food security development. This is driven by an implementation gap between planning and execution, where development policies have not sufficiently targeted basic needs such as irrigation infrastructure, farmers’ institutions, and market distribution systems. Consequently, a more systematic analysis is required to formulate development priorities grounded in Village Fund planning.

Beyond infrastructure, farmers’ institutions constitute an important component influencing village food security (Nontu, 2024). Weak institutions can worsen the distribution of agricultural outputs and reduce the competitiveness of food products. (Anggraeni et al., 2022) show that strengthening farmers’ institutions through active cooperatives and farmer groups can improve coordination within the food distribution system. This institutional strengthening becomes a key priority within the food security strategy of Batumbulan Baru Village (Niu et al., 2022).

Adequate infrastructure—such as reliable irrigation networks and efficient post-harvest facilities—is a prerequisite for sustainable food availability. Although Batumbulan Baru Village has substantial agrarian potential, it faces major constraints in agricultural infrastructure, especially in water management for irrigation. Given the importance of irrigation to support food production, strengthening irrigation infrastructure is an urgent strategic priority (Tirtalistyani et al., 2022).

In addition, strengthening farmers’ capacity through training and agricultural education based on Good Agricultural Practices (GAP) is essential (Mohd et al., 2023). Such capacity building aims to improve efficiency and productivity, while also enhancing farmers’ ability to manage agricultural outputs. GAP-based training can improve product quality, which in turn strengthens food security at the village level.

Village Funds, as a key financing source available to villages, also play a crucial role in improving food security. However, in practice, Village Fund utilisation for food security is often less effective due to the absence of planning based on robust data and measurable strategic analysis. In this study, SEM is used to map relationships among Village Funds, infrastructure, institutions, and village food security in order to generate more targeted recommendations for effective village resource allocation (Permatasari et al., 2021).

Meanwhile, AHP is used to establish a priority scale for development interventions based on inputs from local stakeholders. Through AHP, the proposed development policies can be aligned with real needs in the field, ensuring that Village Fund allocations generate maximum impact on food security outcomes. According to Widodo et al. (2025), participatory approaches of this kind can improve policy implementation because they directly involve communities in decision-making.

A commodity-based regional development strategy is a relevant model for Batumbulan Baru Village. As an agrarian village, Batumbulan Baru has leading commodities in horticulture that can be leveraged to strengthen local food security. Commodity-based area development, supported by appropriate policy instruments, can improve productivity and competitiveness of village food commodities. Accordingly, horticulture is positioned as a key focus in the village’s food security development agenda.

In this context, it is important to recognise that village food security does not depend solely on production, but also on distribution systems and market access. Despite strong horticultural potential, Batumbulan Baru Village continues to experience marketing difficulties. The lack of a permanent village market and an active cooperative constrains distribution, weakens farmers’ bargaining power, and ultimately affects households’ purchasing capacity for local food products. Therefore, the development of a permanent village market becomes a priority within the village food security strategy.

Finally, this study aims to provide a clearer account of how factors such as infrastructure, institutional capacity, and Village Fund utilisation interact to support village food security. By integrating SEM and AHP, the study not only offers an in-depth analysis of inter-variable relationships but also formulates implementable strategic priorities to realise an inclusive and sustainable food self-sufficient area in Batumbulan Baru Village. With strengthened institutions, improved infrastructure, and enhanced community participation, the strategy is expected to serve as a model for food security development in other Indonesian villages with similar characteristics.

2. Methods

This study employs a quantitative approach with descriptive and explanatory research types. The quantitative approach is selected because the primary objective is to objectively measure relationships among variables influencing village food security, including Village Fund utilisation, the quality of agricultural infrastructure, farmers’ institutional capacity, and horticultural food production. The descriptive component is used to portray the current factual conditions of Batumbulan Baru Village with regard to its food security system, while the explanatory component is intended to test causal relationships among variables using Structural Equation Modeling (SEM).

2.1 Research Approach and Type

This study adopts two analytical methods—Structural Equation Modeling (SEM) and the Analytic Hierarchy Process (AHP)—applied in combination to provide a comprehensive understanding of village food security. SEM is chosen due to its capability to model causal relationships between latent variables and their indicators. SEM also enables testing of direct and indirect effects among key factors, such as Village Fund utilisation, agricultural infrastructure, and institutional capacity, in relation to village food security.

AHP is used to construct policy or development strategy priorities for food security based on inputs from various local stakeholders. This approach is particularly suitable for village-based research because it incorporates community participation in decision-making by comparing and weighting criteria and sub-criteria perceived as important by stakeholders.

2.2 Research Location

This research was conducted in Batumbulan Baru Village, Babussalam District, Southeast Aceh Regency. The site was selected because it exhibits strong agrarian characteristics and possesses leading commodities such as horticulture. Nevertheless, the village faces challenges in natural resource management, food distribution, and the suboptimal utilisation of Village Funds. The location is also empirically relevant for examining village-level food self-sufficiency strategies and for applying a commodity-based area development approach.

2.3 Population and Sample

The population of this study comprises all horticultural farmers who are members of active farmer groups in Batumbulan Baru Village, Babussalam District, Southeast Aceh Regency. The village has four active farmer groups with a total membership of 113. The study sample was determined using stratified random sampling, dividing the population into two principal strata: (1) farmers’ domicile locations across different hamlets, and (2) farmers’ activity status within farmer groups. This technique ensures representation across the village area and minimises geographic and social bias in sample selection.

The sample size in this study is 60 respondents, calculated using Slovin’s formula with a 10% margin of error (e = 0.10). This sample size is used to support statistical estimation in SEM and to strengthen the reliability of findings within the model’s constraints. The selected respondents represent farmers active in the last two planting seasons, thereby reflecting actual on-the-ground conditions.

2.4 Types and Sources of Data

The data used in this study consist of primary and secondary data that complement each other in building a comprehensive understanding of village food security based on leading commodities.

1. Primary Data: Primary data were collected directly from the field through three main techniques: 

· Questionnaire Distribution: Questionnaires were administered to respondents to measure their perceptions of quantitative variables, including Village Fund utilisation, the quality of agricultural infrastructure, farmers’ institutional capacity, and food security conditions. 
· In-Depth Interviews: Interviews were conducted with key informants such as the village head, farmer group leaders, agricultural extension officers, and community leaders to obtain deeper insights into food security conditions and Village Fund use.
· Focus Group Discussion (FGD): FGDs were conducted to formulate development priority criteria through AHP. These discussions involved farmers, village officials, and agricultural extension officers who actively participate in village planning processes.

2. Secondary Data: Secondary data were used to support the description of regional conditions and enrich the analysis. Secondary data were obtained from:

· Statistics Indonesia (BPS) of Southeast Aceh Regency, providing demographic and leading commodity data for Babussalam Sub-District.
· Official Village Documents: Documents such as Village Fund utilisation reports, APBDes financial reports, and the Village Medium-Term Development Plan (RPJMDes).
· Scientific Literature: Relevant national and international journal articles and previous research related to food security, rural development, and the application of SEM and AHP in regional and village development contexts.

2.5	PLS-SEM Procedure and Model Evaluation

PLS-SEM analysis was conducted in SmartPLS. The measurement model was assessed using indicator loadings, Cronbach’s alpha and composite reliability, AVE for convergent              validity, and HTMT for discriminant validity. The structural model was assessed using                       path coefficients, bootstrapped t-statistics/p-values, R², Q², and effect sizes (f²). For                     model fit in PLS-SEM we report SRMR and             NFI.

2.6 Mediation Testing (Indirect Effects)

Indirect effects were tested to assess whether Agricultural Infrastructure (Z1) and Farmers’ Institutional Capacity (Z2) mediate the relationship between Village Fund utilisation (X) and Village Food Security (Y). We used non-parametric bootstrapping with 5,000 subsamples and bias-corrected confidence intervals. Mediation is supported when the confidence interval does not include zero.
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Fig. 1. Conceptual framework of the SEM-PLS model.


2.7	AHP Procedure for Strategy Prioritization

AHP was used to prioritise village food-security strategies based on stakeholder judgements. The hierarchy included the overall goal, criteria, and alternative interventions. Pairwise comparisons used Saaty’s 1–9 scale; matrices were normalised to obtain priority weights. Consistency was evaluated using CI = (λ_max − n)/(n − 1) and CR = CI/RI, with CR ≤ 0.10 indicating acceptable consistency.

3. Results and Discussion

3.1	Socio-economic Characteristics of Respondents

A total of 60 respondents participated in the household survey. Respondents were                  selected from active farming households and agricultural actors in Batumbulan Baru                Village to capture perceptions of Village Fund utilisation, infrastructure conditions, institutional capacity, and food-security outcomes at the village level.

Table 1 summarises the socio-economic profile of respondents (age, gender, and education). This profile is important because food-security perceptions and institutional participation can vary across demographic groups.

3.2	Validity and Reliability Testing in SEM-PLS

Before further analysis, validity and reliability testing were conducted to ensure the quality of the measurement model in SEM-PLS. The validity results show that the indicators demonstrate good construct validity, with outer loading values above 0.60 across constructs, indicating that each indicator reliably measures its intended latent variable. Reliability testing using Cronbach’s Alpha also indicates consistent results, with values above 0.70 for all variables, confirming acceptable internal consistency. Composite reliability values further support measurement reliability, indicating stable construct measurement within the model.


Table 1. Respondent characteristics

	Respondent Characteristics
	Number of Respondents (n = 60)
	Percentage (%)

	Age
	
	

	< 20 years
	5
	8.33

	21–35 years
	12
	20.00

	36–50 years
	27
	45.00

	> 50 years
	16
	26.67

	Gender
	
	

	Male
	30
	50.00

	Female
	30
	50.00

	Education Level
	
	

	Primary/Junior High School
	6
	10.00

	Senior High School
	30
	50.00

	Diploma
	12
	20.00

	Bachelor’s (S1) and above
	12
	20.00



Table 2. Validity and Reliability Testing in SEM-PLS

	Construct
	Indicators (n)
	Outer loading (range)
	Cronbach’s Alpha
	Composite Reliability (rho_c)
	AVE

	M (Food-system process)
	5
	0.795–0.936
	0.924
	0.943
	0.770

	X1 (Infrastructure + institutional capacity)
	10*
	0.763–0.885
	0.958
	0.961
	0.689

	X2 (Village Fund utilisation)
	5
	0.823–0.878
	0.906
	0.930
	0.726

	Y (Village food security)
	3
	0.823–0.882
	0.826
	0.896
	0.741



3.3 Hypothesis Results and SEM-PLS Model Testing

This study tests three main hypotheses related to the effects of agricultural infrastructure, farmers’ institutional capacity, and Village Fund utilisation on village food security. Based on SEM-PLS analysis, the following findings are obtained:
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Fig. 2. SmartPLS outer model


3.4 SEM-PLS Hypothesis Testing Results

3.4.1 Direct Effects (H1)

Because the constructs in this study are specified as reflective, the measurement model was assessed through indicator reliability (outer loadings), internal consistency reliability (Cronbach’s alpha, rho_A, composite reliability), and convergent validity (AVE). Overall, the indicators show strong measurement quality. Most outer loadings exceed the recommended threshold of 0.70, confirming that the indicators reliably represent their latent constructs. Convergent validity is also adequate, with AVE values above 0.50 for all constructs: M = 0.770, X1 = 0.689, X2 = 0.726, and Y = 0.741, indicating that each construct explains more than 50% of its indicator variance.

Internal consistency reliability is high across all constructs. Cronbach’s alpha values are above 0.70 (M = 0.924; X1 = 0.958; X2 = 0.906; Y = 0.826), and composite reliability values also exceed 0.70 (rho_C: M = 0.943; X1 = 0.961; X2 = 0.930; Y = 0.896), supporting strong scale reliability. The very high reliability estimates for X1 (e.g., rho_A = 0.990) may indicate potential item redundancy, so conceptual overlap among items was considered during interpretation.

Discriminant validity was evaluated using HTMT. The HTMT value between X1 and X2 is 0.982 (95% CI: 0.945–1.013), which exceeds common thresholds and indicates that discriminant validity between these two constructs is not fully established. This result suggests conceptual proximity between “infrastructure/institutional capacity” (X1) and “Village Fund utilisation” (X2) in the study context, where fiscal inputs and infrastructural/institutional changes may be perceived as tightly linked. In addition, one indicator (X11) displayed cross-loading patterns, reinforcing the need for careful conceptual interpretation. Nevertheless, because indicator loadings, AVE, and reliability are strong, the model was retained for structural testing, while acknowledging discriminant validity as a key limitation and improvement area in future model refinement (e.g., item purification, higher-order construct specification, or construct consolidation if theoretically justified).

3.4.2 Mediation Effects (H2)

The structural model was evaluated using path coefficients (β), bootstrapped t-statistics and p-values, and predictive power (R²). Model fit indices indicate acceptable global performance. The SRMR for the saturated model is 0.080 (good fit guideline) and the estimated model is 0.082 (acceptable). The model explains a moderate proportion of variance in the mediator (R²(M) = 0.589) but a weak proportion of variance in the main outcome (R²(Y) = 0.146). This implies that the model captures key drivers of the food-system process (M), while village food security outcomes (Y) are likely influenced by additional contextual factors not included in the current specification (e.g., upstream irrigation governance, seasonal shocks, price volatility, household purchasing power).

3.4.3	Alignment of SEM-PLS Findings with AHP Policy Priorities (H3)

The AHP results translate SEM-PLS evidence into a ranked set of village interventions. SEM-PLS shows that Village Fund utilization (X2) strongly improves the food-system process mediator (M) (β = 0.768; t = 12.031; p < 0.001), while M contributes positively to village food security (Y) but remains marginally significant (β = 0.345; t = 1.749; p = 0.080). In contrast, infrastructure and farmer institutional capacity (X1) does not significantly strengthen food security (β = −0.736; p = 0.144), indicating an implementation gap where visible investments and formal institutions do not automatically translate into food-security outcomes when binding constraints persist (notably irrigation reliability, post-harvest gaps, and weak market institutions). Consistent with this mechanism, AHP prioritises interventions that directly address these constraints—irrigation strengthening, capacity-building (GAP), post-harvest facilities, cooperative revitalisation, and village market development—as summarised in Table 3.

3.5 Discussion

Overall, the findings indicate a recurring implementation gap: food-security outcomes depend on whether Village Funds are directed to the enabling factors that activate the local food-system process. The SEM-PLS results show that Village Fund utilisation strongly strengthens the production–distribution–consumption process (X2→M: β = 0.768; p < 0.001), while the process has only a marginal association with food security (M→Y: β = 0.345; p = 0.080) and the explanatory power for Y is weak (R²(Y) = 0.146). Meanwhile, infrastructure and farmer institutional capacity (X1) do not have a significant direct effect on food security (β = −0.736; p = 0.144), suggesting that unresolved binding constraints—especially irrigation reliability and weak collective marketing/market access—limit the translation of inputs into outcomes.

In line with the literature, farmer organisations and GAP-oriented training can improve efficiency and market access, but they must be paired with functional infrastructure and institutional arrangements to yield sustained gains (Kunzekweguta et al., 2025; FAO et al., 2024). Consistently, the AHP priorities rank irrigation, training, post-harvest facilities, cooperative revitalisation, and village market development as the most urgent actions. Together, SEM-PLS and AHP explain both the causal mechanism (“why”) and the practical intervention sequence (“what next”), strengthening the study’s relevance for evidence-based village planning.

3.6 Policy Implications

Policy implications extend beyond Batumbulan Baru Village. First, Village Fund planning should use an explicit results chain that links spending categories to food-security mechanisms (infrastructure improves production reliability; institutions improve access and stability). Second, irrigation and post-harvest investments should be managed as routine systems (operation and maintenance, user groups, and simple monitoring), not one-off projects. Third, strengthening farmer groups/co-operatives should include governance and management capacity (record-keeping, transparent membership rules, collective marketing) to increase accountability and bargaining power. Fourth, coordination with district extension services is needed so that training (e.g., GAP) is followed by mentoring and market linkage support.


Table 3. AHP priority ranking for village food-security interventions

	Rank
	Intervention (AHP alternative)
	Rationale (linked to SEM pathways)
	AHP weight

	1
	Irrigation improvement and maintenance (A1)
	Addresses binding constraint; stabilises production and strengthens process M, enabling improvements in Y
	0.31

	2
	GAP-oriented training & capacity building (A2)
	Strengthens production practices and adoption; most effective when irrigation/post-harvest systems support M
	0.23

	3
	Post-harvest facilities: storage/drying/handling (A5)
	Reduces losses, improves availability and access; strengthens M and supports downstream food security
	0.19

	4
	Strengthen co-operatives / farmer institutions (A4)
	Improves collective action, bargaining power, and market access; stabilises distribution and access components of M
	0.15

	5
	Permanent village market / distribution facility (A3)
	Supports access and local distribution efficiency; secondary priority after irrigation, training, post-harvest, and co-operative activation
	0.12



Table 4. Structural model results (fill with SmartPLS output)
Please check table value
	Hypothesis
	Path
	Expected
	β (std.)
	t
	p
	Decision

	H1
	X1 → Y
	+
	−0.736
	1.463
	0.144
	Not supported

	H2
	X2 → M → Y (indirect)
	+
	0.265
	1.685
	0.092
	Supported (marginal, 10%)

	H3
	AHP priority strategy: infrastructure & capacity as top priorities
	+
	—
	—
	—
	Supported (see Table 3)



Table 5. Model fit and predictive performance (fill with SmartPLS output)
Please check table value
	Metric
	Threshold / interpretation
	Value

	SRMR (Saturated model)
	≤ 0.08 guideline
	0.080

	SRMR (Estimated model)
	≤ 0.10 acceptable
	0.082

	R² (M)
	moderate
	0.589

	R² (Y)
	weak
	0.146




3.7 Study limitations and future research

This study has limitations. The cross-sectional design limits causal inference, and the sample is confined to one village; therefore, generalisation should be made cautiously. Future research could use larger multi-village samples, incorporate objective food-security indicators (e.g., dietary diversity and seasonal access), and test how governance quality moderates the effectiveness of Village Fund spending. Longitudinal designs would be particularly useful for tracking seasonal food-security dynamics and infrastructure performance.

4. Conclusions and Recommendations

4.1 Conclusions

This study analyses the food security strategy in Batumbulan Baru Village, Babussalam Sub-District, Southeast Aceh Regency, using SEM-PLS and AHP. The SEM-PLS results indicate that Village Fund utilisation (X2) is a strong driver of the local food-system process (M) (β = 0.768; p < 0.001), while the effect of the food-system process on village food security (Y) is positive but marginal (β = 0.345; p = 0.080). In contrast, agricultural infrastructure and farmers’ institutional capacity (X1) do not show a significant direct effect on food security outcomes in the current model (β = −0.736; p = 0.144), suggesting an implementation gap in which investments and formal institutions have not yet translated into measurable household-level food security. The indirect effect confirms that Village Funds contribute to food security primarily through strengthening the production–distribution–consumption process (X2 → M → Y: β = 0.265; p = 0.092), although the overall explanatory power for Y remains weak (R² = 0.146), indicating the role of additional contextual drivers.

Through AHP, stakeholder priorities for achieving village food self-sufficiency are clearly ranked, with the highest priorities given to irrigation system strengthening (0.31), farmer training (0.23), and post-harvest facilities (0.19), followed by cooperative revitalisation (0.15) and permanent village market development (0.12). Overall, the combined SEM-PLS–AHP approach provides an evidence-based and practical guide for village governments to focus Village Fund allocations on interventions that strengthen the enabling system and close the observed implementation gap.

4.2 Recommendations

Based on the findings, it is recommended that the village government prioritise Village Fund allocations toward interventions that most directly strengthen the local food-system process and address binding constraints. First, Village Funds should be focused on agricultural infrastructure that functions as a production enabler, especially irrigation system strengthening and routine maintenance, and complemented by post-harvest facilities (drying, storage, and handling) to reduce losses and stabilise supply. Planning should be data-driven and measurable so that budget allocations can be linked to clear process and outcome indicators.

Second, GAP-based training should be prioritised, but implemented alongside irrigation and post-harvest improvements to ensure that enhanced practices translate into sustained outcomes. Third, revitalising farmers’ institutions remains essential—not as a purely administrative structure, but as an economically functional system—by strengthening cooperatives and farmer groups for collective marketing, record-keeping, transparent governance, and improved market linkages. This institutional strengthening is crucial to improve competitiveness, reduce transaction costs, and stabilise distribution and access.

Finally, participatory planning should be strengthened by involving farmers, farmer groups, village officials, and community leaders in prioritisation and implementation. A continuous monitoring and evaluation system is recommended to track key indicators (e.g., irrigation reliability, post-harvest loss reduction, proportion of sales through farmer organisations, and household food access) to ensure that interventions produce sustained and inclusive improvements in village food security.
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