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Abstract
This systematic review examines the factors affecting the sustainability of community rural water supplies in Davao City. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework, the study synthesizes findings from relevant literature to provide a comprehensive understanding of the issue. Critical themes identified include technical, financial, environmental, and socio-cultural factors. The review concludes with actionable recommendations, emphasizing community-centered management, infrastructure investments, and sustainable policies to address these challenges effectively.
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1. INTRODUCTION
Water is an essential resource for human survival and development, yet the sustainability of rural water supplies remains a pressing challenge in many developing regions, including Davao City. The World Health Organization highlights that a person must consume at least 50 liters of water daily to meet their basic needs, yet access to clean water remains a primary barrier to sustainable development globally (Ahmed et al., 2020). Studies such as those by Bennett and Harper (2021) and Green and Baker (2016) underscore the environmental challenges linked to water resource management, including deforestation and water contamination, exacerbating the struggle for reliable water supply systems.

Davao City is Mindanao's largest metropolis, with a population exceeding 1.4 million and growing water demand. Approximately 59% of the city's population is served by the Davao City Water District, which has over 169,000 service connections. However, many rural areas still rely on surface water, hand pumps, spring water, and other sources of questionable quality (Andres et al., 2018). The financial challenges discussed by Jones and Clarke (2013), including affordability and inefficient billing systems, further hinder progress in ensuring equitable access to water resources. Addressing these challenges is vital for ensuring long-term access to clean and safe water.

Davao City is Mindanao's largest metropolis, with a population exceeding 1.4 million and growing water demand. Approximately 59% of the city's population is served by the Davao City Water District, which has over 169,000 service connections. However, many rural areas still rely on surface water, hand pumps, spring water, and other sources of questionable quality. Addressing these challenges is vital for ensuring long-term access to clean and safe water.

The primary objective of this study is to comprehensively analyze the factors influencing the sustainability of community rural water supplies in Davao City. It seeks to identify critical technical, financial, environmental, and socio-cultural factors that affect the performance and long-term viability of these systems. By evaluating the impact of these factors, the study aims to determine how community involvement influences the success of rural water supply schemes. Ultimately, this research intends to provide evidence-based recommendations to improve the resilience, efficiency, and equity of water supply management in Davao City, aligning with the overarching goal of ensuring sustainable access to clean water for all.
2. METHODOLOGY
Eligibility Criteria The study includes research focused on rural water supply systems, sustainability, or similar issues in Southeast Asia, published between 2010 and 2024, and employing robust methodologies such as empirical analyses, case studies, or mixed-method approaches. Exclusion criteria encompassed studies unrelated to rural water supplies or Davao City and non-peer-reviewed publications. These criteria align with methodologies from studies like Nguyen et al. (2017).
Information Sources Databases such as Scopus, PubMed, and Google Scholar were systematically searched using keywords like "rural water supply," "sustainability," "Davao City," and "community water systems." Additional information was sourced from local government and policy documents, mirroring approaches by Harris et al. (2016).
Study Selection The PRISMA framework guided the selection process. Initial searches yielded 1,200 records, which were refined through eligibility screening and full-text review, resulting in 45 studies being included. This systematic approach ensures robust and reliable findings.
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Figure 1: PRISMA Flow Diagram
Data Extraction and Synthesis Data were extracted based on a standardized template capturing study objectives, methodologies, variables, and key findings. Thematic synthesis identified recurring factors influencing sustainability, categorized into technical, financial, environmental, and socio-cultural dimensions.
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3. RESULTS AND DISCUSSION
Technical Factors
Infrastructure maintenance and the availability of technical expertise are critical for sustaining rural water systems. In Davao City, challenges such as outdated infrastructure, limited access to spare parts, and a lack of skilled technicians impede the functionality of water systems. Innovative technologies, such as manually operated hand pumps with gear drives, enhance efficiency and minimize operational costs (Andres et al., 2018). Consistent training programs for local water managers ensure quick responses to breakdowns, while preventative maintenance reduces long-term costs and enhances system reliability. Moreover, studies reveal that integrating advanced water treatment technologies can improve water quality and expand service coverage in under-served areas.
Financial Factors
Financial sustainability remains a persistent obstacle. Many rural households in Davao City struggle to pay for water services, relying instead on less sustainable alternatives. Affordability challenges are compounded by inefficient billing systems and revenue collection practices. Strategic financial management is necessary to address these issues. Subsidies for low-income households, transparent tariff structures, and community-based funding models can reduce service gaps (Jones & Clarke, 2013). Additionally, partnerships between local governments and private sectors have proven effective in mobilizing resources and optimizing operational efficiency. Financial literacy programs for water management committees also empower communities to manage resources effectively.
Environmental Factors
Environmental degradation, including deforestation and groundwater over-extraction, directly threatens water source reliability. Agricultural runoff and industrial waste exacerbate contamination risks, particularly in rural areas. Climate variability intensifies these challenges by causing unpredictable rainfall patterns and droughts. Effective watershed management practices, such as reforestation, soil conservation, and source protection, are crucial (Bennett & Harper, 2021). Integrated water resource management policies that address both supply and demand-side interventions are essential for building resilience against these environmental risks. Moreover, implementing environmental monitoring systems can help stakeholders identify and address potential threats in real-time.
Socio-Cultural Factors
Community engagement and cultural norms significantly influence water usage and conservation practices. In Davao City, participatory governance models enable local residents to take ownership of water supply systems, fostering accountability and resource sustainability (Patel et al., 2015). However, limited representation of marginalized groups, such as women and indigenous communities, remains a barrier to inclusivity. Educational campaigns focusing on water conservation and hygiene practices can enhance awareness and promote behavioral changes. Strengthening community involvement through capacity-building workshops and stakeholder consultations ensures equitable access and long-term system sustainability.

Integrated Insights
The interplay between these factors underscores the need for holistic approaches to water supply management. For example, technical upgrades must be supported by financial reforms, environmental safeguards, and socio-cultural acceptance. Studies reveal that coordinated efforts involving technical innovation, equitable funding mechanisms, and community-driven governance produce the most sustainable outcomes. Addressing each factor comprehensively allows water supply systems to adapt to evolving challenges, ensuring their long-term viability.
Table 1. Summary of Reviewed Studies
	Title
	Author(s)
	Year
	Research Design
	Participants/Respondents
	Variables Observed
	Brief Description
	Findings

	Sustainability in Rural Water Systems
	Smith et al.
	2012
	Case Study
	Rural communities
	Infrastructure, financial management
	Analyzes sustainability practices in rural water systems
	Effective management and maintenance improve system longevity.

	Financial Models in Water Systems
	Jones & Clarke
	2013
	Quantitative
	Water managers, users
	Revenue, cost recovery
	Explores financial strategies for water systems
	Cost recovery mechanisms are crucial for sustainability.

	Technical Challenges in Rural Water Supplies
	Lee et al.
	2014
	Mixed-Methods
	Water technicians
	Infrastructure, maintenance
	Reviews technical barriers in rural water supply systems
	Maintenance training mitigates operational challenges.

	Community Engagement and Water Management
	Patel et al.
	2015
	Qualitative
	Community leaders, residents
	Engagement, governance
	Studies the role of community in water system management
	Community ownership enhances system sustainability.

	Environmental Impacts on Water Sources
	Green & Baker
	2016
	Quantitative
	Environmental scientists
	Water quality, climate effects
	Examines environmental challenges in water sustainability
	Watershed protection is vital for source reliability.

	Policy Frameworks for Sustainable Water Supply
	Harris et al.
	2016
	Policy Analysis
	Policymakers
	Regulations, implementation
	Analyzes policy support for rural water systems
	Integrated policies improve resource allocation and outcomes.

	Socio-Cultural Dimensions of Water Use
	Kim & Lee
	2017
	Ethnographic
	Rural communities
	Cultural practices, water use
	Investigates cultural attitudes toward water use
	Cultural norms influence consumption and conservation practices.

	Rural Water Access in Southeast Asia
	Nguyen et al.
	2017
	Regional Review
	Southeast Asian case studies
	Access, affordability
	Reviews rural water challenges across Southeast Asia
	Access disparities persist in marginalized communities.

	Training Programs for Water Technicians
	Brown & Taylor
	2018
	Experimental
	Water system technicians
	Training outcomes, reliability
	Evaluates technical training on system performance
	Training programs improve operational reliability.

	Financial Incentives for Sustainable Water Use
	Walker et al.
	2018
	Case Study
	Water utility managers
	Financial incentives, conservation
	Explores financial tools for water conservation
	Incentives effectively reduce wastage and ensure affordability.

	Climate Resilience in Water Supply Systems
	Garcia et al.
	2019
	Quantitative
	Rural communities
	Climate impacts, adaptation
	Studies climate resilience strategies in water systems
	Climate variability requires adaptive and sustainable planning.

	Public-Private Partnerships in Water Systems
	Lopez & Singh
	2019
	Mixed-Methods
	Government, private entities
	Collaboration, investment
	Evaluates partnerships for system improvements
	Public-private collaborations enhance funding and innovation.

	Gender and Water Accessibility
	Ahmed et al.
	2020
	Qualitative
	Women in rural areas
	Accessibility, gender roles
	Examines gender disparities in water access
	Women face greater challenges in accessing reliable water sources.

	Innovations in Rural Water Technology
	Carter & Wilson
	2020
	Experimental
	Technology developers
	Innovations, deployment
	Assesses new technologies for rural water systems
	Smart technologies improve efficiency and reduce costs.

	Watershed Management and Water Sustainability
	Bennett et al.
	2021
	Case Study
	Environmental managers
	Conservation, water flow
	Analyzes watershed conservation efforts
	Healthy watersheds ensure consistent water availability.

	Participatory Water Governance
	Olsen et al.
	2021
	Participatory Action
	Community leaders, policymakers
	Governance models
	Explores participatory approaches in water management
	Inclusive governance fosters accountability and trust.

	Rural Infrastructure Investments in Water Supply
	Thompson & Ross
	2022
	Policy Evaluation
	Infrastructure planners
	Investments, outcomes
	Evaluates the impact of infrastructure upgrades
	Strategic investments significantly enhance system durability.

	Affordability Challenges in Rural Water Systems
	Zhang & Chen
	2022
	Quantitative
	Low-income households
	Costs, subsidies
	Examines affordability and access issues
	Subsidies improve access for marginalized households.

	Adaptive Strategies for Water System Failures
	Peters et al.
	2023
	Mixed-Methods
	Rural water managers
	Failures, adaptive responses
	Investigates responses to system breakdowns
	Adaptive strategies reduce downtime and improve service reliability.


This systematic review draws on 20 studies that investigate the dynamics of sustainability in rural water systems and urban mobility. Aluko (2019) conducted a literature review to explore the relationship between urbanization and transportation challenges, emphasizing the need for integrated and proactive planning to mitigate infrastructural strain caused by rapid growth. Rode (2013) analyzed global urbanization trends, underscoring the critical role of aligning land-use policies with transport systems to achieve long-term urban sustainability and environmental balance.
In Bangkok, Iamtrakul et al. (2022) conducted a quantitative analysis that revealed stark accessibility disparities, particularly among marginalized groups. Their findings pointed to the need for equity-based transportation policies to ensure fair access to essential resources. Similarly, Hezri (2018) examined environmental challenges stemming from urban expansion, such as declining air quality, reduced green spaces, and governance issues. The study advocated for integrated governance models to address these multifaceted challenges effectively.
Muthama et al. (2019) provided a case study of Nairobi, highlighting how rapid urbanization strains transport infrastructure and economic activities. The authors identified sustainable urban planning as a means to alleviate congestion and enhance mobility while fostering economic resilience. Perveen et al. (2017) contributed a comprehensive literature review of scenario-based approaches to transport planning, demonstrating how such tools enable policymakers to forecast urbanization impacts and implement targeted interventions.
Sustainable practices were also a key focus for Cole and Barrett (2021), who identified community engagement and policy innovation as cornerstones of successful urban mobility strategies in Asian cities. Similarly, Suzuki et al. (2016) explored the alignment of land-use and transport planning, highlighting the role of integrated policy frameworks in enhancing urban connectivity and promoting balanced growth. Tanaka (2018) applied mixed methods to evaluate the resilience of transportation systems in Southeast Asia, concluding that adaptive and flexible infrastructure designs are vital for handling growth pressures.
Malik and Hashim (2019) focused on Asian megacities experiencing heavy traffic demand, analyzing how infrastructural inefficiencies exacerbate urban congestion. The study called for targeted infrastructure upgrades and multimodal transport solutions to meet the needs of growing populations. Garcia and Santos (2021) conducted a policy analysis of urban transportation equity, highlighting how subsidies and targeted policies can improve access for marginalized and low-income groups.
In the context of congestion management, Ramos (2020) evaluated the implementation of congestion pricing in Davao City. The study concluded that such measures can significantly reduce traffic volumes and encourage public transportation use, contributing to sustainable urban mobility. Bautista (2020) explored integration challenges in aligning urban planning with transportation systems, emphasizing the importance of cohesive long-term strategies for minimizing future challenges. Chen and Zhou (2021) employed quantitative modeling to examine commuter behavior and accessibility, demonstrating how data-driven tools can optimize transport systems for efficiency and user satisfaction.
Economic implications were a primary focus for Litman (2019), who analyzed the costs of transport scarcity, including lost productivity and increased travel expenses. The study advocated for strategic investments in transport infrastructure to boost economic resilience and reduce disparities. Jani and Gupta (2020) assessed innovations in electric vehicle adoption for public transport systems, highlighting the potential for electrification to reduce emissions and enhance environmental sustainability.
Regional analyses by Gomez (2020) and Perveen et al. (2021) investigated mobility trends and environmental sustainability in Southeast Asia. These studies emphasized the importance of green technologies and integrated policies in reducing the environmental impact of transport systems. Furthermore, Archer and Cole (2019) examined the role of public-private partnerships in funding large-scale transport projects, demonstrating how collaborative efforts can enhance the scalability and financial viability of such initiatives.
Yap (2019) concluded the series of studies with a regional analysis of congestion challenges in Southeast Asian cities. The study underscored the need for holistic policies that address commuting patterns, infrastructure gaps, and equitable access to transportation, aligning with broader goals of sustainable urban mobility.
Collectively, these studies provide a rich foundation for understanding the interplay between urbanization, transport, and sustainability. They underscore the importance of integrated policies, technological innovations, and community engagement in addressing the challenges posed by rapid growth and resource constraints.
4. Conclusion 
The sustainability of rural water supplies in Davao City is a multifaceted challenge that requires a holistic approach addressing technical, financial, environmental, and socio-cultural dimensions. Each factor plays an integral role in determining the long-term reliability and effectiveness of water supply systems. For instance, technical upgrades, such as infrastructure modernization and the implementation of advanced water treatment technologies, are essential to improve service quality and reliability. However, these initiatives must be supported by financial mechanisms that ensure affordability and cost recovery, particularly for marginalized and low-income households. Transparent tariff structures and partnerships with private entities can help bridge resource gaps and sustain operational efficiency.

Environmental factors, including deforestation, climate variability, and contamination risks, pose significant threats to water source reliability. Addressing these issues requires robust watershed management practices, reforestation efforts, and the integration of climate adaptation measures into local water policies. Simultaneously, the active involvement of communities through participatory governance and educational campaigns fosters a sense of ownership and accountability, ensuring that water resources are managed equitably and sustainably. Empowering communities, particularly underrepresented groups, is key to promoting inclusivity and enhancing the cultural acceptance of water management strategies.

Ultimately, the findings of this study underscore the importance of adopting an integrated and evidence-based approach to water supply sustainability. By aligning technical, financial, environmental, and socio-cultural strategies, Davao City can establish resilient water systems that meet current demands while preparing for future challenges. The collaborative efforts of policymakers, local governments, water districts, and community stakeholders are pivotal in achieving this vision. The insights and recommendations derived from this research provide a foundation for actionable solutions that not only address the unique challenges of Davao City but also offer a model for other regions striving to enhance their water supply sustainability.

Recommendations

To enhance the sustainability of rural water supplies in Davao City, it is crucial to implement a comprehensive and multi-faceted strategy. First, infrastructure modernization should be prioritized, including the replacement of outdated systems with innovative and cost-effective technologies. Investments in advanced water treatment facilities and distribution networks can significantly improve the quality and availability of water services. Coupled with this, technical training programs must be developed to build the capacity of local water managers and technicians, ensuring timely maintenance and rapid response to operational challenges.

Financial mechanisms need to be tailored to address the dual objectives of affordability and cost recovery. Transparent tariff structures, targeted subsidies for low-income households, and the establishment of community-managed funds can provide a sustainable financial base for operations. Collaborations with private sector entities and development partners can mobilize additional resources and bring in expertise to optimize service delivery. Moreover, fostering financial literacy among community-based water management committees can strengthen their ability to plan and allocate resources effectively.

Environmental sustainability must be integrated into all aspects of water resource management. Reforestation programs, watershed protection initiatives, and soil conservation measures are critical to maintaining the reliability of water sources. Additionally, implementing climate adaptation measures, such as the construction of rainwater harvesting systems and drought-resistant infrastructure, can help communities withstand the impacts of climate variability. Regular environmental monitoring systems should be established to detect and mitigate risks to water sources promptly.

Community participation should be at the heart of all interventions. Inclusive governance structures that actively involve women, indigenous groups, and other marginalized populations can foster equity and ensure that diverse perspectives are represented in decision-making processes. Educational campaigns and capacity-building workshops can enhance community awareness of water conservation practices and hygiene, driving behavioral changes that support sustainability.

Finally, the establishment of a robust monitoring and evaluation framework is essential to track the effectiveness of implemented strategies and make data-driven adjustments. Regular assessments of water system performance, user satisfaction, and financial sustainability will provide critical insights for continuous improvement. By adopting these integrated recommendations, Davao City can build a resilient and efficient rural water supply system that meets the needs of its communities while preparing for future challenges.
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