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ABSTRACT

	[bookmark: _Hlk209538721]Development inequality and ecosystem vulnerability remain major challenges in achieving sustainable development in underdeveloped villages, particularly in West Papua Province. This study aims to evaluate the contribution of the Village Sustainable Development Goals (SDGs), specifically SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequalities), to the Environmental Resilience Index (ERI). The research was conducted in underdeveloped villages in Manokwari Regency using a case study approach and qualitative-comparative analysis based on 2023 Village SDGs data and the Village Development Index (VDI) status. Results indicate that villages classified as very underdeveloped (ERI 67.18 ± 2.25) and underdeveloped (65.56 ± 1.61) record similar resilience levels, although some very underdeveloped communities show unexpectedly high ERI scores, reflecting the influence of local socio-ecological assets. Food security (SDG 2) appears relatively strong in very underdeveloped villages due to reliance on traditional subsistence systems, while both categories face persistent deficits in water and sanitation (SDG 6). Inequality reduction (SDG 10) records the lowest performance overall. Regression analysis shows that SDG 2, SDG 6, and SDG 10 jointly exert a marginally significant influence on ERI (ANOVA, F = 2.830; p = 0.060, α = 0.10), explaining 26.1% of variation. Among them, SDG 10 has the strongest positive effect (β = 0.527, p = 0.012). These findings highlight the need for asset-based, cross-sectoral, and context-sensitive strategies to enhance resilience and reduce inequality in marginalized rural areas.
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1. INTRODUCTION
[bookmark: _Hlk208917068]Sustainable village development is a key element in achieving the Sustainable Development Goals (SDGs), which emphasize not only economic growth and social welfare but also environmental resilience. Environmental resilience at the village level serves as the foundation for long-term sustainability, as rural communities are highly dependent on natural ecosystems as their primary source of livelihood. In this context, resilient environments not only support productivity and public health but also strengthen the adaptive capacity of villages in responding to external pressures such as climate change, natural disasters, and resource degradation (UN, 2015).
To accelerate the contextual implementation of the SDGs in Indonesia, the Ministry of Villages, Development of Disadvantaged Regions, and Transmigration (Kemendes PDTT, 2021) developed the Village SDGs framework, which translates 18 development goals into the local context. This approach provides indicators that are relevant to the socio-economic and ecological realities of rural communities (Kemendes PDTT, 2021). One of its key implementation strategies is to evaluate the extent to which underdeveloped villages have achieved progress in fundamental dimensions, particularly environmental resilience.
Manokwari Regency, located in West Papua Province Indonesia, faces significant structural challenges in pursuing sustainable development. Many villages in this regency are still categorized as underdeveloped or severely underdeveloped, with limited access to basic services such as food, clean water, sanitation, and infrastructure. High dependency on natural resources, compounded by structural poverty and geographical isolation, increases the socio-ecological vulnerability of the region (Bappenas, 2020). Within this context, assessing environmental resilience is crucial to ensure that development pathways are not only sectoral and short-term but also equitable and ecologically sustainable.
Evaluating development outcomes is a strategic step to understand the dynamics of ongoing progress. Such evaluation does not merely focus on the end results but also on the processes and inequalities in the distribution of development benefits. By examining the interlinkages between the achievement of Village SDGs indicators and environmental resilience, this research seeks to identify policy gaps, priority needs, and opportunities for strengthening village institutions to support development that is resilient, inclusive, and adaptive.
This study specifically focuses its evaluation on three SDGs indicators: SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequalities). These three indicators were chosen because they represent the most fundamental aspects of life in underdeveloped villages: food security, access to clean water, and social equity. Together, they directly reflect the environmental and social capacity to sustain a decent standard of living in the face of development challenges.
In greater detail, SDG 2 is essential as it concerns the fulfillment of basic food needs and the management of local resources such as forests, agricultural land, and water bodies. When access to food is limited, communities often resort to intensive ecosystem exploitation for survival, thereby increasing environmental pressures (The State of Food Security and Nutrition in the World 2019, 2019). Similarly, SDG 6 is a critical indicator since access to clean water and proper sanitation is fundamental not only to public health but also to environmental quality. Lack of adequate clean water access often leads to environmental degradation and conflicts over water use (Campbell et al., 2014). Meanwhile, SDG 10 highlights the importance of social justice and equitable access to resources and basic services. Unequal distribution of development benefits may exacerbate disparities in community adaptive capacity toward environmental change(Raut, 2022).
Thus, the selection of these three indicators is both strategic and urgent, as they reflect the objective conditions and main challenges faced by underdeveloped villages in building ecological resilience. Through this approach, the study aims to evaluate the relationship between the achievement of SDGs 2, 6, and 10 and the Environmental Resilience Index (ERI) in underdeveloped villages in Manokwari Regency. The findings are expected to provide empirical insights into the sustainability trajectory of village development and serve as a basis for evidence-based policy strategies that are equitable, resilient, and responsive to environmental risks.
2. material and methods

2.1 Research Site and Duration
The research focuses on underdeveloped and severely underdeveloped villages in Warmare and Tanah Rubuh districts, Manokwari Regency, West Papua Province, Indonesia. These villages were selected as study sites because they represent areas with high environmental vulnerability and significant challenges in achieving the Village Sustainable Development Goals (SDGs), particularly in relation to infrastructure, basic services, and socio-economic resilience. The spatial distribution of these research locations is illustrated in the map (Figure 1). The study was carried out in 2024, utilizing data from the 2023 Village SDGs mapping managed by the Ministry of Villages, Development of Disadvantaged Regions, and Transmigration of the Republic of Indonesia.
The research population consisted of all villages in Manokwari Regency. From this population, a total of 28 villages were purposively selected as the sample, comprising both underdeveloped and severely underdeveloped villages. The purposive sampling was based on two main criteria: villages located within districts with the highest number of underdeveloped or severely underdeveloped villages, and villages situated in relatively isolated locations. Based on these criteria, the research focused on two districts, namely Warmare District, which has the largest number of underdeveloped villages, and Tanah Rubuh District, which has the highest number of severely underdeveloped villages.
2.2 Research Design.
The study employed a quantitative approach with an explanatory research design. This approach was chosen because the primary objective was to examine the influence of Village SDGs indicators, specifically SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequalities), on the Environmental Resilience Index (ERI) in underdeveloped and severely underdeveloped villages. The data were sourced from secondary data, obtained through the Village Information System (SID) (Kemendes PDTT, 2023) and the official decree (Kemendes PDTT, 2024). Data collection techniques included documentation and an in-depth review of official government databases, particularly those related to Village SDGs and the VDI. 
The study variables consisted of one dependent variable and three independent variables. The dependent variable was the ERI, while the independent variables included SDG 2 (representing food security), SDG 6 (emphasizing access to clean water and sanitation), and SDG 10 (focusing on reducing social inequalities). These three indicators were selected because food, water, and social justice represent the most fundamental elements of life in underdeveloped villages (Mehta et al., 2019). They significantly affect both the carrying capacity and the resilience of the environment, particularly in the context of climate change, structural poverty, and limited access to basic resources.
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Figure 1. The research location is in underdeveloped and severely underdeveloped villages (highlighted in pink in the Warmare and Tanah Rubuh Districts) of Manokwari Regency, West Papua Province, Indonesia.
2.3 Data Analysis
Data analysis was carried out in three stages to produce comprehensive results. The first stage was descriptive analysis, which aimed to calculate mean values, standard errors, and the distribution of ERI scores as well as the achievement of SDGs 2, 6, and 10 across village categories. These descriptive findings were presented in summary tables to provide a general overview of differences among villages.
The second stage involved multiple linear regression analysis to examine the influence of the independent variables, SDGs 2, 6, and 10, on the dependent variable, the Environmental Resilience Index (ERI). An F-test (ANOVA) was applied to assess the overall significance of the model, while t-tests were used to determine the significance of each independent variable individually (Zar, 2010). In addition, the coefficient of determination (R²) was calculated to identify the proportion of ERI variance explained by the three SDG indicators. Significance levels were set at α = 0.05 and 0.10 to allow for interpretation at both 95% and 90% confidence intervals.
The third stage involved interpreting the quantitative findings by referencing academic literature and official policy documents. In this stage, relationships between variables were not only evaluated in terms of direction and magnitude but also situated within the broader framework of sustainable village development. For instance, evidence of a negative relationship between SDG 2 and ERI was interpreted considering The State of Food Security and Nutrition in the World 2021, which highlights the environmental degradation risks of agricultural intensification. Conversely, the positive relationship between SDG 10 and ERI was reinforced by Camarero & Oliva, (2019); Rahat et al., (2024), who emphasize the role of social equity in supporting ecological sustainability.
To examine the linkage between village-level of SDGs and ERI, this study employed one dependent variable and three independent variables. The ERI was selected as the dependent variable, while SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequalities) served as the independent variables. Each variable was operationalized through specific indicators and measured using official data sources provided by the Ministry of Villages, Development of Disadvantaged Regions, and Transmigration as well as the Village Information System (SID). Descriptive statistics and multiple linear regression analysis were applied to assess the influence of these variables. The operationalization of the study variables is summarized in Chart 1.
Chart 1. Operationalization of Research Variables
	Variable
	Type
	Indicators/Dimensions
	Data Sources
	Analytical Technique

	Environmental Resilience Index (ERI)
	Dependent
	Official ERI score set by Kemendes PDTT documents
	Kemendes PDTT, 2023, 2024
	Descriptive analysis; multiple linear regression

	SDG 2 – Zero Hunger
	Independent
	Food security level; community access to local food resources; utilization of agricultural land, forests, water
	(Kemendes PDTT, 2023
	Descriptive analysis; multiple linear regression

	SDG 6 – Clean Water and Sanitation
	Independent
	Household access to clean water; availability of adequate sanitation facilities; water resource management
	(Kemendes PDTT, 2023	Descriptive analysis; multiple linear regression

	SDG 10 – Reduced Inequalities
	Independent
	Distribution of basic services (education, health, infrastructure); socio-economic inequality; access of vulnerable groups to resources
	(Kemendes PDTT, 2023	Descriptive analysis; multiple linear regression



3. results and discussion

3.1 Environmental Resilience
The Environmental Resilience Index (ERI) is an integral part of the Village Development Index (VDI), which emphasizes environmental management and community sustainability (Kemendes PDTT, 2023, 2024). This index is essential for assessing village resilience to environmental degradation and preparedness in facing ecological crises. This study showed that 16 villages are categorized as “very underdeveloped,” with an average of ERI score of 67.18 ± 2.25. Meanwhile, 12 villages fall into the “underdeveloped” category, with an ERI average score of 65.56 ± 1.61 (Table 1). Overall, the difference between the two categories is relatively small. Interestingly, some villages classified as very underdeveloped recorded high ERI scores, such as Warkapi (86.67) and Warmarwai (80). This highlights that local well-being is not solely determined by administrative status but also by socio-ecological factors, resource availability, and institutional support.
Table 1. Average Environmental Resilience Index by Village Status in Manokwari District, West Papua, Indonesia
	Village Status
	Number of Villages
	Average (%)
	Standard Error 

	Very Underdeveloped
	16
	67.18
	2.25

	Underdeveloped
	12
	65.56
	1.61


Source: Processed from SID Kemendes, 2023.
This phenomenon is consistent with the analysis of Berhanu et al., (2022), which emphasizes the importance of the “asset-based livelihood framework.” According to this framework, rural well-being is not defined merely by formal categories but is shaped by local social, natural, and institutional assets. Thus, even if a village is classified as very underdeveloped, the presence of such assets can enhance community welfare. Research in Indonesia supports this finding. Sinaga, (2016) demonstrated that village well-being indices are more influenced by access to education, markets, and social infrastructure than by administrative status alone. This explains why some very underdeveloped villages achieved higher ERI scores compared to those classified as underdeveloped.  Furthermore, Li et al., (2019) confirmed that underdeveloped classifications often fail to fully represent the actual condition of rural communities. Their study found that community adaptation to socio-economic change plays an essential role in shaping levels of well-being. This aligns with the findings in Table 1, where substantial variation exists within the same category.
From a policy perspective, the Ministry of Villages, Development of Disadvantaged Regions, and Transmigration has also highlighted that locally driven, asset-based development is far more effective than uniform, top-down approaches. Such a strategy emphasizes the utilization of natural and social potentials that differ across villages, thereby achieving more sustainable and context-sensitive outcomes.  From this analysis, three key insights emerge. First, administrative classification does not always reflect the actual welfare conditions of communities. Second, local assets, including natural resources, social capital, and institutions, are critical determinants of resilience and well-being. Third, both international (Chen et al., 2022; Kidane et al., 2019) and national (Kemendes PDTT, 2023; Sinaga, 2016) literature strongly support these findings, underscoring the need for locally adapted, asset-based rural development strategies.
3.2 Sustainable Development Goals (SDGs)
Village-level SDGs serve as planning and monitoring tools to ensure that rural development efforts are well-targeted and aligned with the national sustainable development agenda. Table 2 presents the average scores of SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequality) from 28 villages across Tanah Rubuh and Warmare districts. All villages fall under the very underdeveloped or underdeveloped classifications based on VDI. These indicators reflect food security, access to water and sanitation, and equity in social services.


Table 2. SDG Scores by Village Status in Manokwari Regency, West Papua Province, Indonesia
	Village Status
	Number of Villages
	SDG-2 (Mean ± SE)
	SDG-6 (Mean ± SE)
	SDG-10 (Mean ± SE)

	Very Underdeveloped
	16
	62.32 ± 8.11
	56.54 ± 4.40
	33.39 ± 5.32

	Underdeveloped
	12
	32.64 ± 9.76
	55.07 ± 6.67
	22.02 ± 6.83



3.2.1 SDG 2: Zero Hunger
The average SDG-2 score reveals that very underdeveloped villages (62.32 ± 8.11) outperform underdeveloped ones (32.64 ± 9.76). This suggests that food availability and security are relatively stronger in very underdeveloped settings. This resilience is often shaped by subsistence practices, including traditional farming, small-scale fisheries, and non-timber forest product use.  Sehnem et al., (2022) noted that remote villages often demonstrate stronger natural-resource-based food systems, even when infrastructure and market access are limited. Similarly, (Sinaga, 2016) emphasized the stability of traditional food systems in Papua, where communities rely heavily on local resources.

3.2.2 SDG 6: Clean Water and Sanitation
The SDG-6 scores are nearly equivalent between very underdeveloped (56.54 ± 4.40) and underdeveloped (55.07 ± 6.67) villages. This indicates that water and sanitation challenges are widespread, not confined to the most remote areas. Global evidence highlights that rural communities consistently face infrastructure deficits in these sectors. According to (Irianti & Prasetyoputra, 2021), rural-urban gaps in sanitation access remain one of the largest public health challenges worldwide. In Indonesia, (Bappenas, 2020)reports that Papua and Papua Barat Province record the lowest SDG-6 performance nationally due to structural and financial barriers in water infrastructure.

3.2.3 SDG 10: Reduced Inequality
SDG-10 scores are relatively low in both categories: 33.39 ± 5.32 for very underdeveloped villages and 22.02 ± 6.83 for underdeveloped villages. Although the former scored slightly higher, both remain inadequate. This aligns with Camarero & Oliva, (2019), who highlighted that rural inequality is amplified by poor access to education, healthcare, and infrastructure. In Papua, the Earth Innovation Institute (2016) also observed that inequality exists not only between rural and urban areas but also across rural villages, especially regarding the distribution of economic and social services.
In summary, the findings reveal a complex interplay between village status and SDG achievements. Very underdeveloped villages tend to perform better in food security (SDG-2), likely due to their reliance on subsistence systems. For water and sanitation (SDG-6), both categories face similar systemic challenges. For inequality reduction (SDG-10), both groups perform poorly, reinforcing persistent structural barriers. These results confirm insights from international literature (Camarero & Oliva, 2019), as well as national reports (Kemendes PDTT, 2023; Sinaga, 2016), which highlight that SDG outcomes in marginalized regions are shaped by a mix of structural, institutional, and cultural factors.

3.2.4 Relationship Between Village SDGs and the Environmental Resilience Index
The Village Sustainable Development Goals (SDGs) framework is closely linked to environmental resilience at the local level. In this study, the dependent variable (Y) is the ERI, which represents one of the essential dimensions of sustainable rural development. Three independent variables (X) were analyzed as potential determinants of ERI: SDG 2 (Zero Hunger, X1), SDG 6 (Clean Water and Sanitation, X2), and SDG 10 (Reduced Inequalities, X3). The analysis aimed to evaluate the extent to which these three indicators contribute to strengthening environmental resilience in disadvantaged and very disadvantaged villages.
To examine whether SDG 2, SDG 6, and SDG 10 exert a significant joint influence on Environmental Resilience Index, an Analysis of Variance (ANOVA) test was performed. The results, presented in Table 3, show an F-value of 2.830 with a significance level of 0.060. Although this result does not reach the conventional 5% significance level, it is statistically significant at the 10% level (α = 0.10). This indicates that, at 90% confidence, the model provides sufficient evidence that the three SDG indicators collectively affect environmental resilience.
Table 3. ANOVA Results for the Regression Model
	Source
	Sum of Squares
	df
	Mean Square
	F
	Sig. (p)

	Regression
	409.913
	3
	136.638
	2.830
	0.060*

	Residual
	1158.868
	24
	48.286
	
	

	Total
	1568.781
	27
	
	
	


*Note: Dependent Variable = ERI; Predictors = SDG 2, SDG 6, SDG 10; p < 0.10

The model’s R² value of 0.261 indicates that approximately 26.1% of the variation in environmental resilience can be explained by the three SDG indicators, while the remaining 73.9% is influenced by other factors not included in this model, such as governance, infrastructure, or external shocks. Further insight was obtained through multiple regression analysis, which assessed the individual contribution of each SDG indicator to environmental resilience. The results are summarized in Table 4.
Table 4. Coefficients of the Regression Model
	Variable (Independent)
	B (Unstandardized)
	Std. Error
	Beta (Standardized)
	t
	Sig. (p)

	Constant
	71.389
	4.527
	–
	15.768
	0.000**

	SDG 2 (Zero Hunger)
	-0.055
	0.039
	-0.259
	-1.426
	0.167

	SDG 6 (Clean Water & Sanitation)
	-0.130
	0.074
	-0.336
	-1.762
	0.091*

	SDG 10 (Reduced Inequalities)
	0.181
	0.067
	0.527
	2.711
	0.012**


Regression equation: Environmental resilience = 71.389 – 0.055(SDG 2) – 0.130(SDG 6) + 0.181(SDG 10); R² = 0.261

Effect of Zero Hunger (SDG 2) on Environmental Resilience. The regression coefficient for SDG 2 is −0.055, indicating a negative relationship with environmental resilience. This suggests that every one-unit increase in SDG 2 achievement reduces environmental resilience by 0.055 points, assuming other variables remain constant. Although the effect is not statistically significant (p = 0.167), the negative sign reflects a critical ecological trade-off. In many rural areas, food security programs are often pursued through agricultural expansion or input-intensive farming practices, which can lead to deforestation, soil degradation, and water pollution (FAO, 2019). Thus, while SDG 2 aims to reduce hunger, its implementation may inadvertently undermine ecological resilience unless sustainable agroecological approaches are adopted (Monjane, 2019).
Effect of Clean Water and Sanitation (SDG 6) on Environmental Resilience. The coefficient for SDG 6 is −0.130 and is statistically significant at the 10% level (p = 0.091). This means that a one-unit increase in SDG 6 achievement decreases environmental resilience by 0.130 points, holding other variables constant. At first glance, this result seems counterintuitive, as access to clean water and sanitation is generally expected to enhance environmental and public health. However, unsustainable water infrastructure development, such as excessive groundwater extraction or poorly planned sanitation systems, may place additional pressure on local ecosystems (Kanoti et al., 2019). To reconcile this contradiction, policies should emphasize community-based water management and eco-friendly technologies, such as rainwater harvesting and decentralized wastewater treatment (Zang et al., 2021).
Effect of Reduced Inequalities (SDG 10) on Environmental Resilience. Unlike the previous two variables, SDG 10 shows a positive and significant effect on environmental resilience, with a coefficient of +0.181 (p = 0.012). This indicates that greater progress in reducing inequalities directly contributes to stronger environmental resilience. Inclusive societies, where marginalized groups have access to education, health services, and decision-making processes, are better equipped to implement sustainable resource management and conservation practices (Muchunguzi, 2023). Supporting this, (Islam, 2015) found that inequality exacerbates environmental degradation, while equitable distribution fosters ecological sustainability. Strengthening social equity programs and participatory governance in disadvantaged villages is therefore a critical pathway toward resilience. This findings highlight the complexity of interactions between social development and environmental resilience. While food security (SDG 2) and water access (SDG 6) may have unintended ecological costs if pursued unsustainably, reducing inequality (SDG 10) emerges as a robust driver of resilience. These results underscore the need for integrated and cross-sectoral strategies that balance immediate human needs with long-term ecological sustainability in rural development planning.
3.3 Policy Implications
The analysis of the Environmental Resilience Index reveals disparities among villages classified as very underdeveloped and underdeveloped. Some villages in the very underdeveloped category, such as Warkapi and Warmarwai, recorded relatively high environmental resilience scores. This condition indicates the presence of local capacity in maintaining environmental sustainability and ecological resilience despite socioeconomic limitations. Such potential can serve as a model for replication of conservation-based development through forest protection, water resource management, and the strengthening of sustainable agricultural systems. Villages with strong local conservation practices can become the foundation for sustainable rural development if supported by adaptive policies and institutions (He & Jiao, 2022, 2023). In contrast, villages with low scores, such as Ningdip, require priority interventions through environmental restoration programs, the development of environmentally friendly infrastructure such as clean water and sanitation facilities, and the strengthening of community awareness on the importance of natural resource governance. This finding aligns with (Chen et al., 2022), who argue that rural development requires differentiated strategies in regions with weak ecological capacities.
Within the underdeveloped village group, Mingre provides an interesting case. Despite its underdeveloped status, the village achieved a relatively high Environmental Resilience Index (ERI), suggesting resilience potential that can be harnessed to support holistic village development. Relevant policies include strengthening village institutions, integrating ERI indicators into village development planning, and empowering local economies through sustainable use of natural resources. Conversely, villages such as Warmare, Nimbay, Snaimboy, and Madrat still recorded low ERI scores, requiring cross-sector interventions. These may include enhancing institutional capacity for environmental risk mitigation, providing basic services to improve community well-being, and implementing community-based natural resource management programs. These recommendations are in line with Nursini and Pujiati (2020), who stress the importance of local institutions and community participation in improving socio-ecological resilience in rural areas.
In relation to the Village SDGs, the findings of this study show varying achievements. For SDG 2 (Zero Hunger), several very underdeveloped villages such as Umnum, Mbatma, Imbeisika I, and Rembuy demonstrated strong local food security. The government can strengthen this condition by protecting agricultural land, promoting household gardens, and preserving traditional food systems as the basis for food resilience. Conversely, villages with low scores, such as Mirowi and Warmarwai, require interventions to improve food access, diversify agriculture, and implement inclusive community nutrition programs. Within the underdeveloped village group, Subsay can serve as a best practice example for integrating food security into village development plans, whereas Mingre, Figout, Nimbay, Ibuwau, and Syou require support in the form of community food barns, crop diversification, and increased women’s roles in food production. These findings are consistent with (FAO, 2019), which emphasizes that local food diversification and gender roles are key to strengthening rural food security.
For SDG 6 (Clean Water and Sanitation), Ningdip, despite its very underdeveloped status, has successfully maintained access to clean water. This achievement should be preserved through maintenance of water systems, sanitation education, and replication of good practices in other villages. Conversely, Mbatma requires the development of basic infrastructure such as bore wells, gravity-fed piping systems, and community-supported sanitation facilities. In underdeveloped villages, Ibuwau recorded a high score and could serve as a model of community-based sanitation management, for instance, through integrated household waste management and rainwater harvesting. Figout, on the other hand, scored low and thus requires urgent interventions in the form of safe drinking water facilities, communal sanitation, and hygiene education programs. This condition resonates with Souza et al., (2025), which underline that access to safe water and sanitation is critical for improving the quality of life in poor rural communities.
For SDG 10 (Reduced Inequalities), very underdeveloped villages such as Imbeisika I and Warmarwai highlight the importance of maintaining inclusive access to basic services, which could serve as models for integrating social protection programs into other villages. Conversely, Mirowi requires strengthened services for vulnerable groups through affirmative policies targeting women, the elderly, and persons with disabilities. Among underdeveloped villages, Mingre and Kwau demonstrated good equity in basic service provision, which should be expanded further. Conversely, Figout, Nimbay, Subsay, Ibuwau, and Syou need special attention through programs that improve access to education, healthcare, and the involvement of marginalized groups in development planning. These findings are in line with Bappenas, (2020), which highlights that inclusivity in rural development is a key factor in achieving SDGs at the local level.
3.4 Policy Roadmap Based on ERI and SDGs 2, 6, and 10
The policy implications derived from the Environmental Resilience Index (ERI) analysis and the achievement of Village SDGs highlight the need for differentiated strategies between very underdeveloped and underdeveloped villages (Table 5). The integration of ERI and Village SDGs indicates that each group of villages requires tailored approaches to address their specific challenges and potentials. This roadmap focuses on three priority goals—SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequalities)—as they represent the most critical dimensions of resilience and community welfare in the studied areas. Villages with higher ERI and stronger SDG performance can serve as models for replication and scaling up best practices, while those with weaker scores demand urgent and targeted interventions. Accordingly, the roadmap provides strategic directions for each village cluster by linking ecological resilience capacity with priority SDG achievements to ensure sustainable and inclusive rural development.
Table 5. Strategic Directions for Very Underdeveloped and Underdeveloped Villages, Linking ERI Capacity with SDGs 2, 6, and 10.
	Village Category
	Villages
	Strategic Direction 
(Integrated ERI & SDGs 2, 6, 10)

	Very Underdeveloped
	Warkapi, Warmarwai
	Strengthen and replicate conservation-based livelihoods (forests, water, agriculture) to sustain food security (SDG 2) and clean water access (SDG 6), while ensuring inclusive community involvement (SDG 10).

	
	Ningdip
	Prioritize ecological restoration and develop eco-friendly infrastructure (water, sanitation) to address low ERI (SDG 6), while building institutional capacity to reduce inequalities in service access (SDG 10).

	
	Umnum, Mbatma, Imbeisika I, Rembuy
	Consolidate strong food security through protection of farmland and traditional food systems (SDG 2), while gradually expanding access to basic services for equity (SDG 10).

	
	Mirowi, Warmarwai
	Address food insecurity with agricultural diversification and inclusive nutrition programs (SDG 2), complemented by stronger social services for vulnerable groups (SDG 10).

	
	Mbatma
	Develop basic water and sanitation infrastructure (bore wells, pipelines, communal sanitation) to improve health and well-being (SDG 6), while ensuring fair distribution across households (SDG 10).

	
	Imbeisika I, Warmarwai
	Leverage inclusive service systems as models of social protection (SDG 10), while strengthening community-based food and water systems to sustain resilience (SDG 2 & SDG 6).

	Underdeveloped
	Mingre
	Utilize high ERI to integrate ecological resilience into village planning, enhance sustainable food production (SDG 2), and expand inclusive service delivery (SDG 10).

	
	Warmare, Nimbay, Snaimboy, Madrat
	Strengthen environmental risk mitigation and community-based resource management to address weak ERI, alongside provision of clean water and equitable services (SDG 6 & SDG 10).

	
	Subsay
	Institutionalize strong food security within village planning as a best-practice model (SDG 2), while closing service gaps to reduce inequalities (SDG 10).

	
	Mingre, Figout, Nimbay, Ibuwau, Syou
	Reduce food vulnerability through food barns, crop diversification, and greater involvement of women in food production (SDG 2), while addressing disparities in health and education services (SDG 10).

	
	Ibuwau
	Strengthen community-based sanitation management and rainwater harvesting (SDG 6), while promoting equitable participation in water governance (SDG 10).

	
	Figout
	Provide urgent interventions in safe water supply, communal sanitation, and hygiene education (SDG 6), while simultaneously addressing service inequalities (SDG 10).

	
	Mingre, Kwau
	Expand equitable access to education, healthcare, and basic services (SDG 10), while aligning development with sustainable food and water systems (SDG 2 & SDG 6).

	
	Figout, Nimbay, Subsay, Ibuwau, Syou
	Implement affirmative policies to strengthen access for marginalized groups in education and health (SDG 10), while integrating food and water resilience into village development (SDG 2 & SDG 6).



4. Conclusion

The analysis of the Environmental Vulnerability Index (EVI) demonstrates that several very underdeveloped villages, such as Warkapi, Warmarwai, and Mingre, were still able to achieve relatively high scores. This finding indicates the presence of internal potential to safeguard environmental sustainability despite persistent socioeconomic limitations. In contrast, villages with low EVI scores, such as Ningdip, Warmare, Nimbay, Snaimboy, and Madrat, require priority interventions through the provision of environmentally friendly infrastructure, the enhancement of community awareness, and the strengthening of local institutional capacities. Therefore, conservation-based development patterns that leverage local potential should serve as a fundamental framework for strengthening environmental resilience in a sustainable and inclusive manner.
In the context of achieving the Village SDGs, the results reveal variations in performance that are critical for informing development policy. Some very underdeveloped and underdeveloped villages achieved high scores on SDG 2 (Zero Hunger), SDG 6 (Clean Water and Sanitation), and SDG 10 (Reduced Inequalities). For example, Umnum, Mbatma, Imbeisika I, and Rembuy demonstrated strong food security, while Ningdip and Ibuwau managed to maintain access to clean water and sanitation. However, other villages such as Mirowi, Figout, Nimbay, Ibuwau, and Syou continue to face serious challenges related to food, water, and equitable access to basic services. These conditions underscore the need for a differential policy approach that both strengthens good practices in high-performing villages and delivers comprehensive interventions in lagging villages.
The regression analysis further shows that SDG 2 and SDG 6 are negatively correlated with the Environmental Vulnerability Index. This suggests that improvements in food and sanitation indicators have not been accompanied by sustainability principles and may even increase environmental pressures. Conversely, SDG 10 demonstrates a significant positive influence on the Environmental Vulnerability Index, highlighting that inclusive development with equal access to basic services can enhance environmental resilience. This finding underscores that synergy between socioeconomic development and ecological conservation is essential. By formulating village development strategies grounded in conservation, social inclusion, and local potential, policymakers can advance the achievement of the Village SDGs in a fair, sustainable, and contextually appropriate manner.
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