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ABSTRACT TC "ABSTRACT" \f C \l "1" 
This study assessed the influence of the Kiborian Forest Reserve on the sustainability of water resources in Mpwapwa District. It aimed to evaluate the current status of surface water resources, examine the influence of vegetation cover on water quality, and explore the relationship between conservation practices and water resource sustainability. The study adopted a pragmatic philosophy and a mixed research approach with a case study research design. A sample size of 365 respondents was selected from a total of 4066 households randomly and purposefully selected. Data were collected via questionnaires, interviews, and document review and analysed through descriptive statistics and content analysis. The study found that surface water resources are available year-round, though with fluctuations during dry periods (Mean = 3.2, SD = 1.3), and while the water quality generally meets local consumption standards, the region faces challenges such as decreasing water levels, particularly in the dry season (Mean = 3.6, SD = 1.2). The vegetation cover was found to be crucial for enhancing water quality by reducing sedimentation, filtering pollutants, and preventing contamination (Mean = 3.8, SD = 1.3). The study highlighted that conservation practices, including forest restoration and sustainable land management, are vital for the sustainability of water resources ((Mean = 3.7, SD = 1.6). The study found a strong positive correlation between conservation practices and the sustainability of water resources, with a Pearson correlation coefficient of 0.705 (p-value = 0.000). The study concluded that surface water availability is moderate, with challenges during the dry season, and highlighted the importance of vegetation cover and conservation practices in maintaining water quality.
Keywords: Forest reserve, Conservation, Water resources sustainability
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CHAPTER ONE TC "CHAPTER ONE" \f C \l "1" 
INTRODUCTION TC "INTRODUCTION" \f C \l "1" 
1.1 Chapter Overview TC "1.1 Chapter Overview" \f C \l "1" 
This chapter introduces the study by discussing the influence of the Kiborian Forest Reserve on the sustainability of water resources in Mpwapwa District. It provides background information on the topic, outlines the research problem, presents the objectives and questions guiding the study, and highlights the significance, scope, and structure of the research.
1.2 Background to the Research Problem TC "1.2 Background to the Research Problem" \f C \l "1" 
Protected areas play a crucial role in safeguarding water resources globally, acting as vital reservoirs of freshwater and contributing to the sustainability of water ecosystems (Makanda et al., 2022). These areas encompass various landscapes, from forests to wetlands, and their preservation is essential for maintaining the quality and quantity of water available for human use and ecosystem functioning (Winemiller, 2016).
The sustainability of water resources in protected areas is an urgent global concern, as climate change, pollution, and human activities increasingly threaten these vital ecosystems. Protected areas serve as critical zones for biodiversity conservation and ecosystem services, but many are struggling to maintain adequate water quality and quantity. A study by Hughes et al. (2019) notes that protected areas worldwide face challenges such as deforestation, land-use changes, and resource overexploitation, which compromise their ability to conserve water resources. Climate change further exacerbates these issues by altering precipitation patterns and increasing the frequency of extreme weather events, including droughts and floods (Settele et al., 2015). In addition to climate pressures, human encroachment and agricultural runoff remain significant contributors to water contamination, threatening both wildlife and local communities (Torremorell et al., 2021).
In Latin America, Brazil's Atlantic Forest region provides a strong example of how well-managed protected areas can help mitigate water resource degradation. Research by Joly et al. (2014) shows that forest preservation in Brazil's protected areas significantly reduces water runoff and improves water quality, benefiting both the environment and local populations. However, deforestation outside these protected areas continues to pose a risk, highlighting the need for coordinated land management strategies. Jones (2019) found that effective watershed management practices in Germany's protected zones have led to improved water quality, reduced pollution, and increased resilience to climate change influences, illustrating the benefits of regulatory frameworks in protecting water resources.
In Asia, China’s protected areas, particularly in the Yangtze River Basin, offer an insightful case of how human activities can be managed to sustain water resources. Li et al. (2017) showed that China’s conservation policies reduced pollution, improving water quality and habitat protection. However, the water supply in the area still faces challenges, with some communities experiencing inconsistent access, highlighting the need for ongoing management efforts. 

Meanwhile, in Africa, many protected areas face significant challenges in sustaining water resources. For instance, in Kenya, Lankester (2018) found that unregulated tourism and expanding human settlements in the Maasai Mara National Reserve have led to increased water pollution and habitat degradation. In Ghana, mining activities in the Asutifi North District have caused significant land use changes and deterioration of water quality (Gbedzi et al., 2022). In Cameroon, Njoh et al. (2022) demonstrated that rising temperatures and shrinking forest cover negatively affect the sustainability of freshwater supplies. Across the continent, studies such as that by Makanda, Nzama, and Kanyerere (2022) in South Africa emphasize the need for effective water resource protection practices. This highlights the urgent need for stronger governance, better funding, and sustainable tourism management in African protected areas.
In Tanzania, protected areas have demonstrated a significant influence on ecosystem services that underpin water resources sustainability. Mbilinyi et al. (2019) highlighted that the Serengeti National Park contributes to hydrological regulation and water quality maintenance through effective control of surface runoff and soil erosion. Likewise, Ngana et al. (2019) underscored the importance of forest conservation in the Pangani Basin in sustaining water availability for both agricultural and domestic uses. Comparable findings by Kahimba et al. (2016) in the Uluguru Mountains and Kashaigili et al. (2016) in the Kilombero Valley Floodplain confirm that protected forest ecosystems play a vital role in water flow regulation, groundwater recharge, and flood mitigation. These studies, supported by national policy frameworks such as the Wildlife Conservation Act and the National Environment Policy (URT, 2015), reinforce the growing recognition of the ecological and hydrological benefits derived from well-managed protected areas in Tanzania.
However, while these studies offer valuable insights, they predominantly focus on well-known, large-scale protected areas that benefit from consistent research funding, public attention, and formal conservation initiatives. Little empirical research exists on the hydrological value of lesser-known forest reserves, particularly those situated in semi-arid and increasingly vulnerable regions, such as the Kiborian Forest Reserve in Mpwapwa District. As a result, the localized influences of such reserves on water sustainability especially under conditions of land-use change, human encroachment, and climate variability remain poorly understood. This lack of data presents a significant gap in the national understanding of how all tiers of protected areas contribute to water security.
1.3 Statement of the Problem TC "1.3 Statement of the Problem" \f C \l "1" 
The sustainability of water resources is fundamental to maintaining ecological integrity, supporting livelihoods, and fostering local development. Forest reserves, such as Kiborian Forest Reserve in Mpwapwa District, play a vital role in protecting water sources through vegetation cover, soil stabilization, and hydrological regulation (Silva, 2018). However, the Kiborian Forest Reserve is increasingly under pressure from human activities including deforestation, agricultural encroachment, and unsustainable land use all of which contribute to declining water quality, reduced surface water availability, and disrupted ecosystem services. Despite the recognized ecological value of forest reserves, the specific dynamics affecting water sustainability in Kiborian remain largely undocumented (Mbilinyi, 2019).
The little empirical study done on lesser-known reserves like Kiborian aggravates this problem as most current studies in Tanzania concentrate on bigger, nationally protected regions. As a result, there is a knowledge gap regarding how localized threats such as illegal logging, weak enforcement of conservation policies, and poor community engagement are influencing Kiborian's water resources (Mwalyosi & Machiwa, 2017). Without detailed and site-specific data, it becomes difficult to design effective conservation strategies or assess the long-term viability of water resources within this reserve. This lack of localized insight presents a barrier to informed decision-making, resource allocation, and sustainable forest management.
Although interventions such as integrated watershed management and community-based conservation have been initiated in some areas (Mkumbo, 2019), Kiborian Forest Reserve has not been the focus of sufficient scientific or policy attention. Institutional weaknesses, conflicting land use interests, and minimal stakeholder involvement continue to threaten the reserve’s ability to contribute to water sustainability. Therefore, this study was necessary to fill the existing gap by assessing the status of surface water resources in the Kiborian Forest Reserve, analyzing the influence of vegetation cover on water quality, and evaluating how current conservation practices influence the sustainability of local water resources in Mpwapwa District.
1.4 Research Objectives TC "1.4 Research Objectives" \f C \l "1" 
1.4.1 General Objective TC "1.4.1 General Objective" \f C \l "1" 
The general objective of this study was to assess the influence of the Kiborian Forest Reserve on the sustainability of water resources in Mpwapwa District.
1.4.2 Specific Objectives TC "1.4.2 Specific Objectives" \f C \l "1" 
The specific objectives of this study were;

i. To examine the current status of surface water resources in the Kiborian Forest Reserve.

ii. To analyse the influence of vegetation cover in the Kiborian Forest Reserve on water quality in Mpwapwa District.

iii. To examine the relationship between conservation practices in the Kiborian Forest Reserve and the sustainability of water resources in Mpwapwa District.

1.5 Research Questions TC "1.5 Research Questions" \f C \l "1" 
The research questions were:

i. What is the status of surface water resources in the Kiborian Forest Reserve?

ii. How does the vegetation cover in the Kiborian Forest Reserve affect water quality in Mpwapwa District?

iii. What is the relationship between conservation practices in the Kiborian Forest Reserve and the sustainability of water resources in Mpwapwa District?

1.6 Significance of the Study TC "1.6 Significance of the Study" \f C \l "1" 
This study is significant as it contributes empirical evidence on the role of the Kiborian Forest Reserve in sustaining water resources in Mpwapwa District, with direct relevance to the implementation of Tanzania’s National Water Policy (NAWAPO, 2002) and the National Forest Policy (1998). By assessing the current status of surface water resources, the study provides data that can guide water allocation planning, pollution control measures, and early interventions against seasonal water scarcity, key objectives of the National Water Policy aimed at ensuring equitable and sustainable water supply for all users.
The research also supports the National Forest Policy’s goals of conserving biodiversity and controlling land degradation by demonstrating how vegetation cover in forest reserves contributes to water quality. Findings on the relationship between forest cover and water sustainability offer actionable insights for enhancing implementation of Integrated Water Resources Management (IWRM) strategies and Catchment Forest Reserves Programs, which are central to protecting water catchment areas through community-inclusive approaches and ecological safeguards.

Moreover, by evaluating the effectiveness of conservation practices within the Kiborian Forest Reserve, the study identifies strengths and gaps in current forest and water governance mechanisms. This can inform improvements in policy instruments such as the Environmental Management Act (2004) and Local Government Environmental Action Plans (LGEAPs). In doing so, the study supports local and national efforts to strengthen environmental stewardship, promote climate resilience, and achieve Sustainable Development Goal 6 (Clean Water and Sanitation) and Goal 15 (Life on Land). It also empowers local communities and decision-makers by raising awareness of the ecological and socio-economic importance of forest conservation for long-term water security.
1.7 Scope of the Study TC "1.7 Scope of the Study" \f C \l "1" 
This study focused on assessing the influence of the Kiborian Forest Reserve on the sustainability of water resources in Mpwapwa District. It specifically examined the status of surface water resources within the reserve, evaluated the influence of vegetation cover on water quality, and investigated the relationship between conservation practices and water resource sustainability. The study covered selected water sources within and around the forest reserve, considering hydrological, ecological, and conservation aspects.
1.8 Organization of the Study TC "1.8 Organization of the Study" \f C \l "1" 
This dissertation is structured into five chapters. Chapter one presents the study's background, problem statement, objectives, scope, and significance. Chapter two reviews relevant literature, including an introduction, theoretical and empirical perspectives, identification of research gaps, and the development of a conceptual framework. Chapter three outlines the research methodology, covering the study area, research approach, sampling design, data collection methods, analytical techniques, validity and reliability assessments, and ethical considerations. Chapter four focuses on the presentation, analysis, and discussion of the research findings. Also, chapter five provides a summary of the study, key conclusions, and recommendations.
CHAPTER TWO TC "CHAPTER TWO" \f C \l "1" 
LITERATURE REVIEW TC "LITERATURE REVIEW" \f C \l "1" 
2.1 Chapter Overview TC "2.1 Chapter Overview" \f C \l "1" 
The literature review section of this study provides an overview of previous research on the influence of the forest reserve on the sustainability of water resources, as well as relevant theories and models. The section also highlights gaps in the existing literature. 
2.2 Definition of Concepts TC "2.2 Definition of Concepts" \f C \l "1"  
2.2.1 Protected Areas TC "2.2.1 Protected Areas" \f C \l "1" 
Protected areas are designated geographic regions managed and conserved to preserve biodiversity, ecological integrity, and cultural heritage, often under legal or regulatory frameworks (Dudley, 2008). These areas include diverse ecosystems such as forests, wetlands, marine habitats, and wilderness zones, serving as sanctuaries for endangered species and threatened environments (IUCN, 2020). Their primary objective is to maintain ecological balance and promote sustainable land use practices (IUCN, 2020). Specifically, in this study, the Kiborian Forest Reserve in Mpwapwa District is considered a protected area, legally managed to conserve biodiversity, protect ecosystems, and sustain natural resources, particularly water resources.
2.2.2 Sustainability TC "2.2.2 Sustainability" \f C \l "1" 
Sustainability, as defined by the Brundtland Commission, refers to meeting present needs without compromising the ability of future generations to meet their own needs (WCED, 2020). It involves responsible resource management and the adoption of practices that minimize environmental degradation while fostering economic development and social equity (World Bank, 2020). Achieving sustainability requires balancing ecological, economic, and social considerations to ensure long-term resilience and viability (UNESCO, 2015).
In this study, sustainability is understood as the capacity to maintain environmental integrity, economic viability, and social well-being over time (Sachs, 2015). It also encompasses intergenerational equity, ensuring that present actions do not compromise future resource availability (UN, 2020). Specifically, in the context of this study, sustainability pertains to the role of the Kiborian Forest Reserve in maintaining the quality and quantity of water resources over time, ensuring their availability for both current and future generations in Mpwapwa District.
2.2.3 Water Resources TC "2.2.3 Water Resources" \f C \l "1" 
Water resources include all sources of water, such as rivers, lakes, groundwater, and wetlands, which are essential for drinking, agriculture, industry, and sanitation (UN-Water, 2020). These resources play a critical role in human and ecological systems but face increasing threats from population growth, climate change, pollution, and unsustainable management practices, emphasizing the need for effective conservation and equitable distribution strategies (UNEP, 2018). For this study, water resources refer specifically to surface water sources within Mpwapwa District, which are influenced by the presence and management practices of the Kiborian Forest Reserve. These water sources are essential for local communities and ecosystems, making their conservation crucial for ensuring long-term water sustainability.
2.3 Review of Theories TC "2.3 Review of Theories" \f C \l "1"  

2.3.1 Ecosystem Services Theory TC "2.3.1 Ecosystem Services Theory" \f C \l "1" 
The Ecosystem Services Theory was developed by Daily (1997) and further expanded by scholars such as Costanza et al. (1997) and the Millennium Ecosystem Assessment (MEA, 2005). The theory posits that ecosystems provide essential services that support human well-being, economic development, and environmental sustainability. These services are classified into four categories: provisioning services (e.g., food, water, timber), regulating services (e.g., climate regulation, water purification), cultural services (e.g., recreational, aesthetic, and spiritual benefits), and supporting services (e.g., nutrient cycling, soil formation) (Siirila-Woodburn et al., 2021).
Ecosystem services are fundamental for maintaining ecological balance and ensuring sustainable resource use. Forests, for example, play a critical role in water regulation, carbon sequestration, and biodiversity conservation (Huang et al., 2021). The Kiborian Forest Reserve, as part of an ecosystem, likely contributes to water sustainability by influencing water purification, groundwater recharge, and surface water availability in Mpwapwa District.
A major strength of Ecosystem Services Theory is its ability to link ecological functions with human well-being, promoting conservation efforts and sustainable resource management (Gómez-Baggethun et al., 2010). It also provides a quantifiable framework for assessing environmental benefits, making it useful for policymakers and researchers (Peñuelas & Sardans, 2021).
However, the theory has limitations. Rotich & Ojwang (2021) indicated that it tends to prioritize economic valuation of nature, potentially leading to the commodification of natural resources and overlooking intrinsic ecological values. Additionally, measuring ecosystem services can be complex and context-dependent, making it difficult to apply universally (John et al., 2021).
This theory was relevant to the study as it helps explain the link between the Kiborian Forest Reserve and water sustainability in Mpwapwa District. It provides a theoretical foundation for assessing how forest conservation affects surface water resources, water quality, and long-term sustainability. The researcher evaluated how the forest’s vegetation cover contributes to water purification and availability, thus addressing the study’s objectives by using this theory. Furthermore, the theory supports the examination of conservation practices in the reserve and their role in ensuring water resource sustainability.
2.4 Empirical Review TC "2.4 Empirical Review" \f C \l "1"  

2.4.1 Current Status of Surface Water Resources TC "2.4.1 Current Status of Surface Water Resources" \f C \l "1" 
Globally, Ostad-Ali-Askari & Shayannejad (2021) utilized GIS mapping and hydrological data analysis to evaluate the distribution and status of freshwater resources. Their study revealed that protected areas, though crucial habitats for freshwater biodiversity, are increasingly threatened by pollution and over-extraction, which disrupts the balance of these ecosystems. Findings indicated that forest reserves contribute to regulating water flows, which is crucial for mitigating the influences of seasonal variability. They also found that while many of these areas are designated for conservation, the pressures on water quality and quantity continue to escalate due to human activities, requiring enhanced protection and management strategies.
In Europe, Peñuelas & Sardans (2021) conducted a study assessing the effects of the Urban Waste Water Treatment Directive on the water quality of various rivers. Their statistical analysis indicated notable improvements in water quality over time due to stricter regulations; however, they pointed out that diffuse pollution from agricultural runoff and urban sprawl remains a significant challenge. Findings showed that climate change and land-use changes diminish the capacity of forest reserves to provide these essential services. Their findings highlight the complexities in achieving sustained water quality improvements, especially in densely populated and industrialized regions, and stress the need for better land-use management to mitigate non-point source pollution.
Similarly, in the United States, Siirila-Woodburn et al. (2021) examined water resource management in U.S. National Parks. Their findings indicated that climate change and increased visitor use are exacerbating water scarcity and quality issues in these protected areas. They emphasized the necessity of adaptive management strategies that can respond to the dual challenges of climate change and human pressures on water resources. Also, the study water scarcity is often exacerbated during periods of low rainfall, leading to pressure on existing water resources. This study underscores the importance of integrating environmental and visitor management to ensure long-term water sustainability.
In Asia, Huang et al. (2021) investigated water resources and management practices in Chinese nature reserves. Their study highlighted the severe water shortages faced by many reserves due to competing demands from agriculture, industry, and urbanization, coupled with inadequate infrastructure for managing water resources. Also, the study found that improved infrastructure and consistent monitoring can enhance water accessibility, especially in remote areas where communities face transportation challenges.  The study highlighted that involving local stakeholders in the monitoring process ensures better compliance and more effective use of water resources. Hence, suggesting that enhancing infrastructure and governance could alleviate some of these pressures.
In Africa, Papa et al. (2023) assessed water resources in protected areas across Ethiopia and Kenya, using remote sensing and participatory rural appraisal methods. They revealed that droughts and land-use changes significantly influence water availability in these regions, exacerbating existing challenges. Also, findings pointed out that community-based management strategies can help alleviate these issues by encouraging local involvement in water conservation efforts, thus promoting more sustainable usage practices. The study advocated for community-based management strategies, emphasizing that local involvement in decision-making processes is essential for sustainable water resource management, as it fosters a sense of ownership and responsibility among local populations.
Focusing on East Africa, Tang & Adesina (2022) combined hydrological assessments with stakeholder workshops to analyze water resources management in the Mara River Basin. Their research highlighted the importance of collaborative governance mechanisms in managing transboundary water resources, particularly in areas where multiple stakeholders, including local communities, governments, and conservationists, are involved. The study concluded that fostering collaboration among these groups is critical to ensuring equitable and sustainable water use in shared basins.
In Tanzania, Kimambo et al. (2023) evaluated water resources management in the country’s protected areas by employing groundwater monitoring and community surveys. His findings indicated that while protected areas generally benefit from better water resources, they are increasingly threatened by external pressures such as agricultural expansion, deforestation, and population growth. The study emphasized the need for comprehensive management strategies that address both conservation goals and the socio-economic needs of surrounding communities, as well as the importance of sustainable land and water use practices to mitigate these pressures.
2.4.2 Forest Reserve Vegetation Cover and Water Quality TC "2.4.2 Forest Reserve Vegetation Cover and Water Quality" \f C \l "1" 
Ahmad et al. (2021) conducted a meta-analysis to evaluate the influence of protected areas on freshwater ecosystems. Their study concluded that protected areas generally maintain higher water quality and more stable water quantities compared to non-protected areas, largely due to the preservation of natural vegetation cover that helps filter pollutants and regulate hydrological processes. Also, the study indicated that healthy vegetation helps filter pollutants and reduce sedimentation, thereby improving water quality in forested regions. This study underscores the importance of vegetation in maintaining ecosystem services such as water purification, which is crucial in ensuring water quality in protected regions.
In Portugal, Rodrigues et al. (2019) examined the effects of Natura 2000 sites a network of protected areas in Europe on water quality. They found that these protected areas significantly improved water quality by reducing nutrient levels and limiting pollutant inputs, especially from agricultural runoff. This study highlights the role of vegetation cover in filtering out nutrients and pollutants, thereby contributing to better water quality. Hence, the study found that the preservation of forest cover plays a critical role in maintaining water quality by stabilizing soil and preventing erosion, which otherwise lead to contamination of water sources. The research also stresses that maintaining vegetation cover in these protected sites is critical for sustained water quality improvement.
In the United States, Shah et al. (2022) further explored the role of U.S. National Parks in maintaining water quality. Their study noted that these parks help limit pollution sources and promote natural filtration through intact ecosystems. They indicated that forest reserve vegetation is essential in water quality management, acting as a natural filter that limits sedimentation and contaminants. The research found that by preserving natural vegetation cover, these areas can effectively manage water quality and mitigate the influence of human-induced pollution.
In China, Cai et al. (2022) assessed the effectiveness of protected areas in preserving water quality. Using GIS mapping and water quality sampling, they demonstrated that these areas had significantly lower contaminant levels compared to surrounding regions. The study also highlighted the role of vegetation in these protected areas, as it helps maintain soil stability and reduces erosion, which in turn limits the contamination of water bodies. This reinforces the link between forest cover and improved water quality, underscoring the importance of vegetation in protecting freshwater ecosystems. The study emphasized that protected areas with intact vegetation significantly reduce contaminant levels in water sources, supporting the critical role of vegetation in safeguarding freshwater ecosystems.
In Uganda, Obudu et al. (2021) explored the role of protected areas in water quality management. Their research found that these areas contribute to better water quality by restricting harmful land uses such as unsustainable agriculture and deforestation. Furthermore, they found that revealed that restoration efforts, such as replanting vegetation and controlling land-use practices, significantly reverse the adverse effects of deforestation on water quality. This study shows how forest reserve vegetation cover plays an essential role in both preventing water pollution and supporting the resilience of water ecosystems.
Rotich & Ojwang (2021) conducted a comparative study on water quality in protected areas in Kenya. They concluded that these regions generally exhibit higher water quality due to reduced anthropogenic pressures such as deforestation, overgrazing, and agricultural activities. Their study further reinforced thatin some regions, even with adequate vegetation, water quality can still be compromised by external factors such as industrial activities and pollution from surrounding areas.
In Tanzania, John et al. (2021) assessed the effectiveness of protected areas in preserving water resources through hydrological assessments and water quality monitoring. Their study found that while vegetation plays a key role in water quality management, it is the combination of vegetation cover with effective governance policies that yields the most sustainable results. The research concluded that these areas are essential in protecting water resources from the adverse effects of land-use changes, emphasizing that forest reserve vegetation plays a critical role in securing water quality and sustaining water supplies in these regions.
2.4.3 Relationship between Forest Reserve Conservation Practices and Sustainability of Water Resources TC "2.4.3 Relationship between Forest Reserve Conservation Practices and Sustainability of Water Resources" \f C \l "1" 
Makanda et al. (2022) assessed the interplay between water resources and climate change, revealing that economic development, population growth, and governance structures play a significant role in determining the sustainability of water resources. They highlighted that climate change exacerbates these challenges by influencing precipitation patterns and water availability, emphasizing the need for adaptive water management strategies to cope with these changes. Findings on effective conservation practices, such as soil restoration and sustainable land management, directly contribute to improved water retention and quality in forested areas. The study underscores the interconnectedness of socio-economic development, governance, and climate, and the necessity for holistic conservation approaches to ensure long-term water resource sustainability.
Santos et al. (2023) examined the socio-economic factors influencing water management in European River Basins, finding that higher income levels, education, and the presence of effective policy frameworks are positively correlated with more sustainable water management practices. Findings found that community involvement often faces resistance due to conflicting interests and lack of awareness about the long-term benefits of conservation.  The study suggests that regions with better socio-economic indicators are more likely to implement conservation practices that enhance water sustainability. The findings are crucial for understanding how economic and educational factors can drive the adoption of effective conservation measures, which can be particularly applicable to forest reserve management for water sustainability.
Torremorell et al. (2021) analyzed the socio-economic drivers of water sustainability in Latin American cities, indicating that urbanization, income inequality, and institutional capacity are critical determinants in the region. Their study revealed that urbanization often leads to over-extraction of water resources and poor water quality, while income inequality hampers the ability of communities to invest in sustainable water practices. Institutional capacity was found to be a key factor in ensuring effective water management. The study emphasized that strong governance and clear institutional frameworks are crucial in ensuring the effective implementation of protection measures.
Dash et al. (2024) evaluated the socio-economic determinants of water sustainability in Indian watersheds. Their study identified that land ownership patterns and local governance significantly influence water sustainability, with land tenure security and strong local governance playing crucial roles in ensuring sustainable water resource management. Also, the study indicated that despite these protective efforts, socio-economic factors like land ownership and local governance still play a critical role in determining the effectiveness of conservation initiatives. The study emphasized the need for participatory management approaches, which engage local communities in the decision-making process and foster collective responsibility for water conservation, particularly in forested areas where land and water are linked.
Izah and Ogwu (2023) assessed the economics of land degradation and improvement across multiple African countries, revealing that poverty, land tenure insecurity, and lack of access to credit are major barriers to sustainable water resource management. The study highlights that communities with insecure land tenure are less likely to invest in sustainable land and water management practices, which can have long-term negative influences on water resources. Their findings emphasized that conservation initiatives, such as reforestation and controlled land use, enhance water retention and reduce contamination risks, leading to long-term water security.
Alule et al. (2022) investigated socio-economic factors influencing water sustainability in Uganda’s rural areas. They concluded that education, income levels, and community participation are crucial for ensuring the sustainability of water resources. The study highlighted that when local communities are properly engaged and educated, their active participation leads to more sustainable outcomes, as they are more likely to support and uphold conservation initiatives. The importance of community participation was emphasized, reinforcing the need for inclusive governance and local involvement in conservation practices to ensure the sustainable use of water resources in forest reserves.
Tanzania has established a comprehensive legal and institutional framework to guide the management of protected areas and the sustainable use of water resources. Key instruments such as the National Water Policy (NAWAPO, 2002), the Water Resources Management Act No. 11 of 2009, and the Environmental Management Act No. 20 of 2004 provide the foundation for integrated water resources management and ecosystem conservation. Complementing these, the Wildlife Conservation Act (2009) and the Forest Act (2002) emphasize the protection of forest and wildlife ecosystems that contribute to watershed stability and water sustainability.
Institutionally, water and environmental governance is coordinated through various agencies, including the Ministry of Water, the National Environment Management Council (NEMC), and Basin Water Boards, which oversee resource allocation, conservation, and stakeholder participation. Protected area management is further reinforced by the Tanzania Forest Services (TFS) and the Tanzania National Parks Authority (TANAPA), both of which implement conservation strategies that support water catchment protection and ecosystem resilience.

Ract et al. (2024) examined the role of socio-economic and institutional factors in water resource management using a mixed-methods approach, revealing that poverty, education, and institutional capacity significantly affect the sustainability of water management practices. The study found that communities with higher poverty levels and lower education often face challenges in adopting sustainable management strategies, while areas with stronger institutions and active community engagement achieve better conservation outcomes. These findings suggest that effective governance of protected areas and water resources requires not only robust legal frameworks but also adaptive management strategies that integrate socio-economic realities, climate variability, and human pressures.
2.5 Research Gap TC "2.5 Research Gap" \f C \l "1" 
While global studies have explored the relationship between forest reserves, vegetation, and water sustainability, a significant gap remains in localized research focused on regions like Mpwapwa District, Tanzania. For example, Papa et al. (2023) examined water resources in Ethiopia and Kenya, but did not address the specific ecological and socio-economic conditions in Tanzania. Similarly, Shah et al. (2022) and Cai et al. (2022) emphasized the importance of forest vegetation in managing water quality in the U.S. and China, yet these findings do not apply to Tanzanian reserves like Kiborian. 
Additionally, research by Torremorell et al. (2017) and Dash et al. (2024) on socio-economic factors influencing water sustainability in urban and watershed areas did not focus on rural East African contexts, where land tenure insecurity and poverty pose significant challenges. Furthermore, Izah and Ogwu (2023) discussed land degradation and water sustainability in Africa, but did not focus on Tanzanian forest reserves. This study seeks to fill this gap by evaluating water resources in the Kiborian Forest Reserve, assessing the influence of vegetation on water quality, and examining the relationship between conservation practices and water sustainability in Mpwapwa District.
2.6 Conceptual Framework TC "2.6 Conceptual Framework" \f C \l "1" 
A conceptual framework outlines the key variables and their interrelationships in a study, guiding the research process. In this study, the framework connects independent variables such as the current status of surface water resources, vegetation cover, and conservation practices with the dependent variable, which is the sustainability of water resources. The Figure 2.1 illustrates how these factors influence water availability, water quality, and the overall health of aquatic ecosystems.
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Figure 2.1: Relationship between Water Availability, Water Quality and the overall Health of Aquatic Ecosystems TC "Figure 2.1: Relationship between Water Availability, Water Quality and the overall Health of Aquatic Ecosystems" \f F \l "1" 
Source: Researcher (2025).

The study conceptualizes surface water resources, vegetation cover, and conservation practices as independent variables influencing the sustainability of water resources. The current status of surface water resources is defined by indicators such as water flow rate, storage capacity, and water quality, which reflect the availability and condition of water bodies. Vegetation cover is conceptualized in terms of forest density, vegetation health, and soil erosion control, with its influence on water quality and filtration processes. Conservation practices encompass afforestation efforts, protected area management, and community engagement, all of which affect the integrity of water resources. The sustainability of water resources is the dependent variable, conceptualized through indicators of water availability (demand, supply consistency, and resilience) and ecosystem health (biodiversity, water quality index, and aquatic vegetation coverage), reflecting long-term water resource stability and ecosystem functionality. 

CHAPTER THREE TC "CHAPTER THREE" \f C \l "1" 
RESEARCH METHODOLOGY TC "RESEARCH METHODOLOGY" \f C \l "1" 
3.1 Overview TC "3.1 Overview" \f C \l "1"  

This chapter outlines the methods and procedures used to collect data for the study. It details the research philosophy, approach, design, and strategy, along with the processes for data collection, analysis, cleaning, and processing. Additionally, it covers the measures taken to ensure validity and reliability, as well as ethical considerations. The methodology of this study is focused on a mixed data analysis approach.
3.2 Research Philosophy TC "3.2 Research Philosophy" \f C \l "1" 
This study adopted a pragmatic philosophy, which is appropriate for research involving both qualitative and quantitative data. Pragmatism allows for flexibility in research design, as it values the practical outcomes over abstract theories (Verma et al., 2024). This approach is ideal for examining the multifaceted relationships between the Kiborian Forest Reserve and water resource sustainability, as it enables a more holistic understanding by combining various perspectives. Given the complex environmental and socio-economic dynamics in the study area, pragmatic philosophy facilitates a comprehensive investigation of both ecological and community factors that influence water sustainability (Nayak & Singh, 2021).
3.3 Research Approach TC "3.3 Research Approach" \f C \l "1" 
A mixed research approach was adopted for this study, combining both qualitative and quantitative approaches. This approach allows for a thorough exploration of the study's objectives, which include assessing the status of surface water resources, evaluating the influence of vegetation cover on water quality, and understanding the relationship between conservation practices and water resource sustainability. 
The quantitative approach provides statistical data and objective insights, such as water quality measurements and household surveys, while the qualitative approach offers contextual understanding through interviews and observations. According to Patel and Patel (2019), mixed approach enriches the research by combining the strengths of both approaches and providing a deeper understanding of complex phenomena. This combination is essential for investigating the multifaceted interactions between the forest reserve and water sustainability.
3.4 Research Design TC "3.4 Research Design" \f C \l "1"  

This study adopted a case study research design. A case study design was particularly suitable for examining complex phenomena within their real-life context (Gupta & Gupta, 2022). The Kiborian Forest Reserve, located in the Mpwapwa District, provided a unique and focused context for investigating the interaction between forest conservation and water resource sustainability. Through in-depth analysis, the case study design enabled an exploration of specific environmental and conservation dynamics within the forest reserve. As argued by Saharan et al. (2020), the case study approach facilitates the collection of detailed, context-specific data that can be used to understand the nuances of water resource management within the local environment.
3.5 Area of the Study TC "3.5 Area of the Study" \f C \l "1" 
This study was conducted in the Kiborian Forest Reserve, located in Kiborian Village, Mpwapwa Mjini Ward, Mpwapwa District, Dodoma Region, central Tanzania. Geographically, the reserve lies between latitudes 6.4000° S and 6.4500° S and longitudes 36.4833° E and 36.5333° E. Three villages including Kisokwe, Chunyu, and Ng’ambi were purposively selected due to their proximity to the forest and direct dependence on its ecological services, ensuring that data collected accurately reflects the forest’s influence on local water resources. The area experiences a semi-arid climate with a unimodal rainfall pattern ranging from 500 to 800 mm annually, received mainly between November and April. Temperatures vary between 18°C and 32°C throughout the year. The dominant sandy loam and clay soils support dry miombo woodlands and scattered shrubs, which are vital for water retention and soil stabilization. Seasonal streams originating from the forest serve as key water sources for surrounding communities during the rainy season.
Socio-economically, residents depend primarily on subsistence agriculture, livestock keeping, and small-scale trade, with a strong reliance on forest resources for fuelwood, medicinal plants, and water. The Kiborian Forest Reserve was selected due to its critical ecological role in sustaining water resources and its increasing exposure to anthropogenic pressures that threaten both forest integrity and hydrological balance. This makes the area a relevant case for assessing the link between forest conservation practices and sustainable water resource management in semi-arid environments (Dubey & Kothari, 2022). 
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Figure 3.1: Location of Kiborian Forest Reserve TC "Figure 3.1: Location of Kiborian Forest Reserve" \f F \l "1" 
Source: Kiborian Forest Reserve (2025).

3.6 Study Population and Sample Size Determination TC "3.6 Study Population and Sample Size Determination" \f C \l "1" 
The study population refers to the entire group of individuals, households, and institutions that are relevant to the research objectives and from whom data can be drawn. For this study, the target population comprised approximately 4,066 households located in villages surrounding the Kiborian Forest Reserve, including Kisokwe, Chunyu, and Ng’ambi (Mpwapwa District Council, 2024). In addition to households, the population also included key stakeholders such as local government leaders, village environmental committees, officials from the Mpwapwa District Forest Office, and representatives from water authorities responsible for managing local water resources. Including these diverse groups was essential for capturing a holistic understanding of how forest conservation practices influence the sustainability of water resources. While households provided firsthand insights on access to and use of water resources, institutional stakeholders offered critical information on conservation policies, enforcement, and resource management strategies. This inclusive approach ensured that the study population reflected both the direct users of water resources and the key actors involved in managing and conserving those resources.
The sample size for this study was 364 respondents form the target population of 4,066 households. This sample size was determined and the need to ensure statistical significance while maintaining a manageable scope for data collection. This sample size was calculated using the formula developed by Yamane (1967), which takes into consideration the size of the population and the desired level of precision. The formula was as follows:
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Where n = number of samples, N = population - households; e = standard error of sampling (5%).
Table 3.1: Sample Size TC "Table 3.1: Sample Size" \f T \l "1" 
	Village Name
	Households Population
	Sample Size
	Percentage of Sample (%)

	Kisokwe
	1,075
	96
	26.4%

	Chunyu
	1,400
	125
	34.3%

	Ng’ambi
	1,591
	143
	39.3%

	Total
	4,066
	364
	100%


Sources: Ward Office (2024).

In this study, a total of 364 questionnaires were distributed, and 320 respondents actively participated by completing and returning the questionnaires, resulting in a notable 88 percent response rate. This achievement not only exceeds the 70 percent threshold deemed exceptional by Nayak and Singh (2021) but also highlights the diligent efforts made to ensure comprehensive data collection. The high response rate reflects the effectiveness of the data collection strategy and reinforces the reliability of the findings derived from the survey responses.
3.7 Sampling Techniques TC "3.7 Sampling Techniques" \f C \l "1" 
The study employs purposive sampling and simple random sampling to select respondents. Purposive sampling was used to select 30 respondents for in-depth interviews. This technique was chosen to ensure that participants with specific knowledge or experience related to forest conservation and water resource management were included (Verma et al., 2024). On the other hand, Simple random sampling was applied to select survey respondents from the study areas in a systematic and unbiased manner. 
First, a comprehensive list of all households in the selected villages was obtained from the respective local village offices. Each household on the list was then assigned a unique identification number. Using a computer-based random number generator (Excel’s RAND function), a set of numbers corresponding to the desired sample size was generated. Households matching these randomly selected numbers were chosen as participants for the survey. This process ensured that every household had an equal and independent chance of selection, thus enhancing the representativeness and reliability of the data collected. 
3.8 Data Collection TC "3.8 Data Collection" \f C \l "1" 
Primary data was collected to ensure a comprehensive understanding of the influence of the Kiborian Forest Reserve on water resource sustainability in Mpwapwa District.
3.8.1 Primary Data TC "3.8.1 Primary Data" \f C \l "1" 
Primary data for this study was collected through surveys using structured questionnaires and complemented by in-depth interviews. The questionnaires were administered to selected household members from Kisokwe, Chunyu, and Ng’ambi villages chosen due to their close proximity to the Kiborian Forest Reserve and their dependence on local water resources. The questionnaire comprised mainly closed-ended questions, employing a five-point Likert scale to capture respondents’ levels of agreement or disagreement with various statements. This approach allowed for systematic quantification of perceptions, enabling robust statistical analysis (Patel & Patel, 2019). The data collected focused on community perceptions regarding the current status of water resources, observed changes in water quality and availability over time, awareness of forest conservation efforts, and the perceived contribution of the Kiborian Forest Reserve to sustaining water resources.
Also, semi-structured interviews were conducted with key informants to gather more in-depth qualitative data. A total of 9 interviews were conducted with three local government officials (one from each village), three community leaders, and three conservation officers from the District Natural Resources Office. The interviews aimed to gather expert and local knowledge on issues such as the effectiveness of current conservation practices, historical trends in water availability, forest management challenges, and policy interventions. These interviews allowed for deeper exploration of issues that could not be captured through structured questionnaires, such as personal experiences with forest degradation and its perceived influence on water sustainability (Gupta & Gupta, 2022). The combination of questionnaires and interviews ensured a comprehensive understanding of the relationship between forest conservation and water resource sustainability in Mpwapwa District.
3.8.1.1 Remote Sensing TC "3.8.1.1 Remote Sensing" \f C \l "1" 
To assess landcover and landcover-change we used Sentinel 2 satellite imagery and field data collected during ground truthing. We acquired satellite images from February 2019 and February 2025 (Table 3.2) based on availability of cloud free satellite images as well as good contrast between different vegetation since the area is dominated by deciduous vegetation, this time of the year most trees have recovered green leaves (Andrew et al., 2023). We were interested to find influence of conservation efforts put forward in August 2020 by gazetting Kiboriani Forest Reserve which placed it in conserved area by law. Satellite images for landcover mapping were acquired from Copernicus open access hub, we chose Sentinel 2 images due to their free and open availability and relative high resolution between 20 x 20 m and 10 x10 m in visible spectrum which is adequate for forest cover analysis (Drusch et al., 2012).
Table 3.2: Sentinel data used in Land Cover and Land Cover Analysis TC "Table 3.2: Sentinel data used in Land Cover and Land Cover Analysis" \f T \l "1"  
	Type
	Sensor
	Tile ID
	Acquisition date

	Time 0
	S2B
	T37MBP
	13/02/2019

	Time 1
	S2C
	T37MBP
	26/02/2025


Source: Field Data (2025).

3.9 Data Cleaning and Processing TC "3.9 Data Cleaning and Processing" \f C \l "1" 
Data cleaning and processing are critical steps that ensure the overall quality, accuracy, and usability of the collected dataset. This phase involved identifying and correcting errors such as missing values, inconsistencies, duplicates, and outliers that could compromise the integrity of the data. Beyond enhancing reliability, data cleaning helps improve validity by ensuring the dataset accurately represents the phenomena under study. Proper processing also prepares the data for analysis by structuring it in a consistent and analysable format. 
3.10 Data Analysis TC "3.10 Data Analysis" \f C \l "1" 
Data collected through the questionnaires were analyzed using both descriptive and inferential statistics, employing Statistical Package for the Social Sciences (SPSS) version 26. Descriptive statistics summarized the characteristics of the data, including measures such as mean and standard deviation. A five-point scale was utilized, where 1 represents "No Extent," 2 denotes "Little Extent," 3 stands for "Moderate Extent," 4 signifies "Large Extent," and 5 indicates "Very Large Extent." The mean values for this scale are interpreted as follows: mean scores below 1.5 indicate "No Extent," scores ranging from 1.5 to just under 2.5 suggest "Little Extent," scores from 2.5 to just under 3.5 reflect "Moderate Extent," scores between 3.5 and just under 4.5 correspond to "Large Extent," and scores from 4.5 to 5 are classified as "Very Large Extent." The standard deviation (SD) quantifies the dispersion of the data. An SD of 1 or lower indicates that data points are closely clustered around the mean, while an SD greater than 1 suggests greater variability in the data. Correlation analysis was used to determine the strength and direction of relationships between variables, with the Pearson correlation coefficient providing a statistical measure of association. This helped to assess how changes in conservation practices, vegetation cover, and water quality are interrelated (Dubey & Kothari, 2022). 
Qualitative data from the interviews were analyzed using content analysis. This process involved transcribing the interviews, coding the text into categories related to the research objectives such as perceptions of water quality, conservation practices, and challenges affecting water sustainability. These codes were then grouped into key themes that directly addressed the specific research questions. For example, responses about changes in water availability were compared across participants to identify common patterns. The results were summarized in narrative form and supported by illustrative quotes, enabling a clear connection between participants’ perspectives and the study’s aims. 
3.11 Validity of the Data TC "3.11 Validity of the Data" \f C \l "1" 
According to Saharan et al. (2020), validity refers to the extent to which the research instruments measure what they are intended to measure. In this study, content validity was ensured by consulting experts in water resources and forest conservation to review the questionnaire and interview questions for relevance and comprehensiveness (Patel & Patel, 2019). Additionally, construct validity was assessed by ensuring that the variables measured (e.g., conservation practices, water sustainability) are appropriately represented in the study's questions and analysis. The study also used the Bartlett test and the Kaiser-Meyer-Olkin (KMO) assessment to guarantee the validity of the data. KMO evaluates if the data are appropriate for factor analysis, showing how well-suited the sample is for the suggested study. Conversely, the Bartlett test looks at the relationship between the variables in the dataset (O'Connor & Joffe, 2020). The study uses these statistical tests to verify that the data acquired is legitimate and appropriate for the planned analysis.
Table 3.3: KMO and Bartlett's Test TC "Table 3.3: KMO and Bartlett's Test" \f T \l "1" 
	Variables
	Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
	Bartlett's Test of Sphericity

	
	
	Approx. Chi-Square
	df
	Sig.

	Current status of surface water resources
	.725
	519.594
	21
	.000

	Vegetation cover
	.713
	562.437
	21
	.000

	Conservation practices 
	.758
	485.182
	21
	.000

	Sustainability of water resources
	.863
	534.191
	9
	.000


Source: Field Data (2025).

Table 3.3 presents the results of the Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy and Bartlett's Test of Sphericity for the variables under study. The KMO values for all variables current status of surface water resources (0.725), vegetation cover (0.713), conservation practices (0.758), and sustainability of water resources (0.863) are above the threshold of 0.7, indicating that the sample size is adequate for factor analysis. Bartlett's Test of Sphericity shows significant results (p < 0.001) for all variables, with approximate Chi-Square values of 519.594, 562.437, 485.182, and 534.191 for the respective variables. These results suggest that the correlation matrices for all variables are significantly different from an identity matrix, supporting the suitability of the data for further analysis.
3.12 Reliability of the Data TC "3.12 Reliability of the Data" \f C \l "1" 
Reliability, as defined by Nayak and Singh (2021), refers to the consistency and stability of the measurement tools over time, ensuring that the results are reproducible and accurate. In this study, to assess and guarantee the reliability of the data, Cronbach's Alpha was employed as a statistical measure. This method evaluates the internal consistency of the scales used to measure the study variables, providing a measure of how well the items on each scale are correlated with one another. A higher Cronbach's Alpha value >0.7 indicates that the measurement tool is reliable, meaning that the items within the instrument consistently measure the same underlying concept.
Table 3.4: Reliability Statistics TC "Table 3.4: Reliability Statistics" \f T \l "1" 
	Variables
	Cronbach's Alpha
	N of Items

	Current status of surface water resources
	.726
	10

	Vegetation cover
	.707
	10

	Conservation practices 
	.727
	10

	Sustainability of water resources
	.791
	10


Source: Field Data (2025).
Table 3.3 presents the reliability statistics for the study variables. The Cronbach's Alpha values indicate the internal consistency of the scales used to measure each variable. The current status of surface water resources showed a Cronbach's Alpha of 0.726, suggesting good reliability. The vegetation cover variable had a Cronbach's Alpha of 0.707, also indicating acceptable reliability. Similarly, the conservation practices variable had a Cronbach's Alpha of 0.727, reflecting a reliable measure. Also, the sustainability of water resources showed the highest reliability with a Cronbach's Alpha of 0.791, indicating strong internal consistency.
3.12.1 Satellite Images TC "3.12.1 Satellite Images" \f C \l "1" 
Images were pre-processed for radiometric calibration, atmospheric noise removal, and image enhancement were applied. Sentinell 2 spectral bands (2-8 and 20-12) were stacked together and clipped to match the study area (Fernández-Urrutia & Gil, 2022). Image enhancement was performed through band combination where brightness and contrast were adjusted to improve visibility and contrast between objects in the images. Pixel based classification was performed using support vector machine classifier in Envi 5.3 software (Huang et al., 2002). Five cover classes were developed for example, Forest, Woodland, Grass/shrub land, Bare land and Agriculture. Classification accuracy for both images gave cappa coefficient of 88% for 2019 and 91% for 2025.
3.13 Ethical Consideration TC "3.13 Ethical Consideration" \f C \l "1" 
Ethical considerations formed an integral part of this study to ensure adherence to established research standards and the protection of participants’ rights and welfare. Prior to data collection, ethical clearance was obtained from the Directorate of Postgraduate Studies of the Open University of Tanzania (OUT), authorizing the researcher to conduct the study. In addition, research permits were secured from the Dodoma Regional Administrative Secretary (RAS) and the Mpwapwa District Administrative Secretary (DAS) to allow fieldwork within the study area. Before administering questionnaires and interviews, informed consent was obtained from all participants after explaining the purpose of the study, the voluntary nature of participation, and any potential risks or benefits. 
Participants were assured of confidentiality and anonymity, with all data collected being used solely for academic purposes. Personal identifiers were excluded from reports and analyses to maintain privacy. The study also upheld the ethical principles of honesty, integrity, and transparency throughout the research process, particularly in data analysis and reporting. Findings were presented objectively and accurately, ensuring that no information was misrepresented or manipulated.

CHAPTER FOUR TC "CHAPTER FOUR" \f C \l "1" 
FINDINGS AND DISCUSSION TC "FINDINGS AND DISCUSSION" \f C \l "1" 
4.1 Overview TC "4.1 Overview" \f C \l "1" 
The primary objective of this research was to assess the influence of the Kiborian Forest Reserve on the sustainability of water resources in Mpwapwa District. This chapter presents, analyzes, and discusses the research findings based on the study’s specific objectives. 
4.2 Demographic Characteristics of Respondents TC "4.2 Demographic Characteristics of Respondents" \f C \l "1" 
The data collected includes as gender, age, educational level, occupation, and participation in conservation activities. These demographic variables were essential for contextualizing the findings and interpreting how different segments of the population in Mpwapwa District are engaged with the Kiborian Forest Reserve and its influence on water resource sustainability. 
4.3.1 Sex of the Respondents TC "4.3.1 Sex of the Respondents" \f C \l "1" 
Figure 4.1 shows the sex distribution of participants in the study. It indicates that a majority of the respondents (63%) are female, while 38% are male. 
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Figure 4.1: Gender of the Respondents TC "Figure 4.1: Gender of the Respondents" \f F \l "1" 
Source: Field Data, (2024).

This higher participation among females implies that they are more likely to be involved in or rely on the forest for resources like water, firewood, and medicinal plants. This matches with Siirila-Woodburn et al. (2021), who indicated that women often play a central role in managing household water use and are disproportionately influenced by changes in water availability due to their domestic responsibilities. However, Papa et al. (2023) argued that despite their active involvement, women are often underrepresented in formal decision-making processes related to environmental conservation. This highlights the need for inclusive policies that empower women and recognize their critical role in sustainable natural resource management.
4.3.2 Age Distribution TC "4.3.2 Age Distribution" \f C \l "1" 
Figure 4.2 illustrates the age distribution of the respondents. The highest percentage (47%) falls within the 26-35 age group, followed by the 18-25 age group at 25%. Fewer participants were from older age brackets, with only 9% in the 46-55 range and a minimal 3% over 56 years. 
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Figure 4.2: Age Distribution of Respondents TC "Figure 4.2: Age Distribution of Respondents" \f F \l "1" 
Source: Field Data, (2024).

This age pattern implies that the younger to middle-aged population is most engaged with or concerned about the Kiborian Forest Reserve’s influence on water resources. This age group is more likely to implement and advocate for conservation practices, influencing the sustainability of water resources in the area. In contrast, Huang et al. (2021) found that older populations tend to be more conservative in adopting new conservation practices, often due to established habits and a reliance on traditional resource management methods. This difference underscores the importance of targeting younger generations for proactive conservation initiatives while simultaneously providing support and education to older age groups to bridge generational gaps in environmental stewardship. 
4.3.3 Educational Level TC "4.3.3 Educational Level" \f C \l "1" 
Figure 4.3 reveals the educational backgrounds of the respondents. Most respondents (38%) have completed primary school, while 31% have attended secondary school, and 14% hold a college degree. Also, 9% of respondents reported having no formal education, while 8% have received vocational training. 
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Figure 4.3: Educational Level of Respondents TC "Figure 4.3: Educational Level of Respondents" \f F \l "1" 
Source: Field Data, (2024).

These findings suggest that while the community is relatively educated, there is a need for more targeted education programs to raise awareness about conservation practices and their importance in maintaining water resources within the Kiborian Forest Reserve. Individuals with higher education levels may also be better positioned to understand and advocate for sustainable water management strategies. Tang & Adesina (2022) highlighted that education plays a crucial role in empowering communities to adopt sustainable environmental practices, as individuals with higher levels of education are more likely to engage with and implement innovative solutions for natural resource management. This reinforces the need for tailored education programs that not only increase awareness but also provide practical skills for effective conservation and water management.
4.3.4 Occupation TC "4.3.4 Occupation" \f C \l "1" 
Figure 4.4 depicts the occupational status of the respondents. The majority (46%) are self-employed, followed by 28% who are employed, and 13% who are students. Only a small fraction (9%) reported being unemployed, while 3% are retired. 
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Figure 4.4: Occupation of Respondents TC "Figure 4.4: Occupation of Respondents" \f F \l "1" 
Source: Field Data, (2024).

The large percentage of self-employed people suggests that a significant number of Mpwapwa District residents depend on small enterprises, agriculture, or other entrepreneurial endeavors, all of which are directly influenced by the availability of water supplies from the Kiborian Forest Reserve. These individuals must comprehend the connection between water conservation and the prosperity of their businesses. Kimambo et al. (2023) emphasized the critical role of sustainable water management in supporting local economies, particularly for small-scale farmers and entrepreneurs who rely on water resources for their livelihoods. Similarly, Peñuelas & Sardans (2021) highlighted that the depletion or contamination of water sources can severely hinder agricultural productivity and the success of small businesses, underscoring the need for integrated conservation efforts to ensure long-term economic stability in water-dependent communities. 
4.4 Current Status of Surface Water Resources TC "4.4 Current Status of Surface Water Resources" \f C \l "1"  
Findings on the current status of surface water resources are presented in Table 4.1.
Table 4.1: Current Status of Surface Water Resources TC "Table 4.1: Current Status of Surface Water Resources" \f T \l "1"  
	Statements
	Mean
	SD
	Interpretation

	Surface water resources are abundant throughout the year.
	3.1
	1.6
	Moderate Extent

	Water flow in rivers and streams is consistent.
	3.2
	1.3
	Moderate Extent

	Surface water quality meets local standards for consumption.
	2.8
	1.2
	Moderate Extent

	Water levels decline during dry seasons.
	3.6
	1.2
	Large Extent

	Water resources are a significant local source.
	3.4
	1.4
	Moderate Extent

	Water is easily accessible for local use.
	3.7
	1.3
	Large Extent

	Water storage capacity is sufficient.
	3.4
	0.9
	Moderate Extent

	Water quality has deteriorated over the years.
	3.8
	1.2
	Large Extent

	Water scarcity is a frequent issue.
	3.8
	1.4
	Large Extent

	Authorities actively monitor surface water resources.
	3.6
	1.6
	Large Extent


Source: Field Data (2025).
The study found that surface water resources in the Kiborian Forest Reserve are abundant throughout the year to a moderate extent (Mean = 3.1, SD = 1.6) and water flow in rivers and streams within the reserve is consistent to a moderate extent (Mean = 3.2, SD = 1.3). During the interview, one of the interviewees stated that: 

"The water flow is relatively steady in the reserve, but it fluctuates depending on the season. In some months, the streams are almost dry, especially during the dry season." Interviewee, 3rd February 2025.

These findings suggest that while surface water resources in the Kiborian Forest Reserve are relatively consistent throughout the year, they are subject to seasonal variations, with water levels and flow decreasing during dry periods. This reinforces the need for more sustainable water management practices to ensure water availability throughout the year, especially during dry seasons when water resources are scarce.
Additionally, the study found that surface water quality meets local standards for consumption to a moderate extent (Mean = 2.8, SD = 1.2) and water levels decline during dry seasons to a large extent (Mean = 3.6, SD = 1.2). During the interview, one of the interviewees stated that: 

"The water quality is good most of the time, but during the dry season, we see a decline in quality. It's still drinkable, but not as clean as it should be" Interviewee, 3rd February 2025.

"Water levels definitely drop a lot during the dry season. Sometimes we even have to go further to fetch water, and it doesn’t meet the same quality we expect" Interviewee, 3rd February 2025.

These findings indicate that while surface water quality in the Kiborian Forest Reserve meets local consumption standards, it is susceptible to deterioration during the dry season. Ecosystem services theory suggests that maintaining healthy forest ecosystems can significantly influence water availability and quality by providing essential services such as natural filtration and soil stability. Ostad-Ali-Askari & Shayannejad (2021) indicated that forest reserves contribute to regulating water flows, which is crucial for mitigating the influences of seasonal variability. Kimambo et al. (2023) emphasized the importance of vegetation cover in protecting water resources, as it reduces sedimentation and contaminants. 
However, Peñuelas & Sardans (2021) claimed that the effects of climate change and land-use changes diminish the capacity of forest reserves to provide these essential services, highlighting the need for sustainable management practices. These findings suggest that while Kiborian Forest Reserve plays a significant role in supporting local water availability, conservation efforts must be strengthened to cope with the challenges posed by both natural and human-induced factors, particularly during the dry season. Enhanced local participation and sustainable forest management practices can help ensure the long-term sustainability of water resources in the district.
The study uncovered that, water resources in the Kiborian Forest Reserve are considered a significant local source to a moderate extent (Mean = 3.4, SD = 1.4), water is easily accessible for local use to a large extent (Mean = 3.7, SD = 1.3) hence water storage capacity is sufficient to a moderate extent (Mean = 3.4, SD = 0.9). During the interview, interviewees stated that: 

"Water is an important resource in our community. We rely on the rivers and streams, but the water availability can sometimes be unpredictable during certain seasons" Interviewee, 3rd February 2025.

"The water storage capacity in the area is fair, but we could still use more storage facilities to make sure we have enough water during the dry periods" Interviewee, 3rd February 2025.

These findings suggest that while water resources in the Kiborian Forest Reserve are considered significant for local use and are generally accessible, the accessibility can fluctuate during certain periods, especially in the dry season. This matches with Siirila-Woodburn et al. (2021), who indicated that water scarcity is often exacerbated during periods of low rainfall, leading to pressure on existing water resources. 
However, Papa et al. (2023) pointed out that community-based management strategies can help alleviate these issues by encouraging local involvement in water conservation efforts, thus promoting more sustainable usage practices. These insights suggest that while Kiborian Forest Reserve’s water quality is adequate for consumption, the region’s vulnerability to seasonal droughts requires both improved water storage solutions and stronger community engagement in water resource management to address the risks of declining water availability.
The findings also indicated that water quality has deteriorated over the years to a large extent (Mean = 3.8, SD = 1.2) hence water scarcity is a frequent issue to a large extent (Mean = 3.8, SD = 1.4) while authorities actively monitor surface water resources to a large extent (Mean = 3.6, SD = 1.6). During the interview, interviewees stated that: 

"The quality of water has definitely gotten worse over time. We have noticed changes, especially with water having more impurities than before" Interviewee, 3rd February 2025.

"Despite the water quality issues, it’s good to know that the authorities are monitoring the water resources. They make sure to check the levels and quality regularly" Interviewee, 3rd February 2025.

These findings indicate that water quality in the Kiborian Forest Reserve has significantly deteriorated, and water scarcity has become a frequent issue. In contrast, Huang et al. (2021) found that improved infrastructure and consistent monitoring can enhance water accessibility, especially in remote areas where communities face transportation challenges. Tang & Adesina (2022) highlighted that involving local stakeholders in the monitoring process ensures better compliance and more effective use of water resources, as communities are more likely to prioritize and protect their local water sources. This implies that while monitoring efforts in Kiborian Forest Reserve are ongoing, a stronger focus on infrastructure development and community involvement could improve water access for local populations, reducing the challenges they face during dry seasons.
4.5 Influence of Vegetation Cover on Water Quality TC "4.5 Influence of Vegetation Cover on Water Quality" \f C \l "1" 
Findings on the influence of vegetation cover on water quality are presented in Table 4.2 below.
Table 4.2: Influence of Vegetation Cover on Water Quality TC "Table 4.2: Influence of Vegetation Cover on Water Quality" \f T \l "1" 
	Statements
	Mean
	SD
	Interpretation

	Vegetation improves water quality in surrounding areas.
	3.7
	1.4
	Large Extent

	Forests reduce sedimentation in rivers and streams.
	3.8
	1.3
	Large Extent

	Vegetation helps filter water and prevent pollution.
	3.0
	0.9
	Moderate Extent

	Areas with more vegetation have better water quality.
	3.6
	1.2
	Large Extent

	Deforestation has negatively affected water quality.
	3.8
	1.4
	Large Extent

	Forest health directly influences water quality.
	4.2
	1.6
	Large Extent

	Vegetation reduces runoff, improving water purity.
	3.7
	1.3
	Large Extent

	Lack of vegetation increases contamination.
	3.2
	1.2
	Moderate Extent

	Vegetation cover reduces the need for chemical treatments.
	3.6
	1.3
	Large Extent

	Vegetation condition influences the health of nearby water bodies.
	3.0
	1.5
	Moderate Extent


Source: Field Data (2025).

The study found that vegetation significantly improves water quality in surrounding areas to a large extent (Mean = 3.7, SD = 1.4), forests reduce sedimentation in rivers and streams to a large extent (Mean = 3.8, SD = 1.3) while vegetation helps filter water and prevent pollution to a moderate extent (Mean = 3.0, SD = 0.9). During the interview, interviewees claimed that: 
"The trees and plants around the reserve really help in keeping the water cleaner. The forests are a big part of why the water quality is still relatively good here" Interviewee, 4th February 2025.

"I’ve seen first-hand how the forests prevent a lot of sediment from flowing into the rivers. The water remains clearer in areas with more trees" Interviewee, 4th February 2025.
"I believe vegetation plays a role in filtering water, but sometimes pollution still gets into the rivers from other sources, not just the forest" Interviewee, 4th February 2025.

86.9% of Kiborian Forest reserve is covered by vegetation 36.7% (table 4.3) of it being forest, findings indicate that vegetation, particularly forest cover, plays a significant role in improving water quality and reducing sedimentation in rivers and streams. Similarly, Ahmad et al. (2021) indicated that healthy vegetation helps filter pollutants and reduce sedimentation, thereby improving water quality in forested regions. 
Rodrigues et al. (2019) found that the preservation of forest cover plays a critical role in maintaining water quality by stabilizing soil and preventing erosion, which otherwise lead to contamination of water sources. This suggests that maintaining and enhancing vegetation cover in Kiborian Forest Reserve is crucial not only for protecting local water resources but also for improving water quality, especially in surrounding areas that depend on the reserve's ecosystem services.
Table 4.3: Kiboriani Forest Reserve Landcover area 2025 TC "Table 4.3: Kiboriani Forest Reserve Landcover area 2025" \f T \l "1" 
	Landcover
	Area (ha)
	Percent (%)

	Forest
	9665.13
	36.7

	Woodland
	7140.76
	27.1

	Grass/shrubland
	6092.36
	23.1

	Bareland
	310.97
	1.2

	Agriculture
	3142.74
	11.9


Source: Field Data (2025).

The study found that areas with more vegetation generally have better water quality to a large extent (Mean = 3.6, SD = 1.2) and deforestation has negatively affected water quality to a large extent (Mean = 3.8, SD = 1.4). During the interview, interviewees stated that: 
"In areas with more vegetation, the water is noticeably cleaner. It's clear that the more trees and plants we have, the better the water quality seems to be" Interviewee, 4th February 2025.

"Where there’s more vegetation, the water stays clean. Deforestation definitely makes the water quality worse, and it’s harder to access clean water in those area." Interviewee, 4th February 2025.

These findings supplemented by remote sensing analysis suggest that areas with more vegetation tend to have better water quality, while deforestation has a negative influence on water quality (Figure 4.5). On the same side, Shah et al. (2022) indicated that forest reserve vegetation is essential in water quality management, acting as a natural filter that limits sedimentation and contaminants. Also, Cai et al. (2022) emphasized that protected areas with intact vegetation significantly reduce contaminant levels in water sources, supporting the critical role of vegetation in safeguarding freshwater ecosystems. These findings suggest that the forested areas of Kiborian Forest Reserve act as vital natural buffers, preserving water quality and contributing to the sustainability of water resources, which is crucial for the local community’s long-term water security.
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Figure 4.5: Kiboriani FR landcover Map TC "Figure 4.5: Kiboriani FR landcover Map" \f F \l "1" 
Source: Field Data (2025).

Findings showed that forest health directly influences water quality to a large extent (Mean = 4.2, SD = 1.6) while vegetation also reduces runoff, improving water purity to a large extent (Mean = 3.7, SD = 1.3). During the interview, interviewees stated that: 
"The health of the forest is crucial for keeping the water clean. When the forest is healthy, the water quality seems much better" Interviewee, 4th February 2025.

"The forest plays a big role in reducing runoff. I’ve noticed that in areas with more trees, the water stays cleaner and purer" Interviewee, 4th February 2025.

These findings suggest that the health of the forest is directly linked to water quality, with well-maintained forests playing a crucial role in reducing runoff and improving water purity. In contrast, Obudu et al. (2021) revealed that restoration efforts, such as replanting vegetation and controlling land-use practices, significantly reverse the adverse effects of deforestation on water quality. 
However, John et al. (2021) found that while vegetation plays a key role in water quality management, it is the combination of vegetation cover with effective governance policies that yields the most sustainable results. This suggests that in Kiborian Forest Reserve, the maintenance and restoration of vegetation could improve water quality, but these efforts should be paired with strong governance and conservation policies to ensure long-term sustainability.
The study found that a lack of vegetation increases contamination to a moderate extent (Mean = 3.2, SD = 1.2), vegetation cover reduces the need for chemical treatments to a large extent (Mean = 3.6, SD = 1.3) while vegetation condition influences the health of nearby water bodies to a moderate extent (Mean = 3.0, SD = 1.5). During the interview, interviewees stated that: 
"Without enough vegetation, the water gets contaminated much quicker. You can see the difference when there are less trees around the rivers" Interviewee, 4th February 2025.

"Vegetation plays a key role in water health. If the plants around the water bodies aren’t in good condition, the water quality suffers as well" Interviewee, 4th February 2025.

These findings suggest that the lack of sufficient vegetation can lead to increased contamination of water resources, while healthy vegetation cover can significantly reduce the need for chemical treatments, enhancing water quality. However, Rotich & Ojwang (2021) indicated that in some regions, even with adequate vegetation, water quality can still be compromised by external factors such as industrial activities and pollution from surrounding areas. This suggests that while the Kiborian Forest Reserve plays a crucial role in maintaining water quality, additional measures may be required to protect the forest from external environmental pressures that could threaten the purity of the water, particularly in areas with increasing human activity nearby.
4.6 Relationship between Conservation Practices and the Sustainability of Water Resource TC "4.6 Relationship between Conservation Practices and the Sustainability of Water Resource" \f C \l "1" 
Findings on conservation practices and sustainability of water resources are shown in Table 4.3.
Table 4.4: Conservation Practices and the Sustainability of Water Resource TC "Table 4.4: Conservation Practices and the Sustainability of Water Resource" \f T \l "1" 
	Statements
	Mean
	SD
	Interpretation

	Conservation practices improve water resource sustainability.
	3.7
	0.8
	Large Extent

	Protection measures help maintain long-term water availability.
	3.1
	0.8
	Large Extent

	Community participation supports water resource sustainability.
	3.0
	0.9
	Moderate Extent

	Conservation reduces soil erosion and improves water quality.
	3.6
	1.3
	Large Extent

	Forest restoration positively influences water resources.
	3.7
	1.6
	Large Extent

	Enforcement of conservation laws improves water management.
	3.6
	1.3
	Large Extent

	Sustainable practices protect water bodies.
	3.8
	1.2
	Large Extent

	Conservation efforts improve local water ecosystems.
	4.0
	1.2
	Large Extent

	Water management aligns with long-term sustainability goals.
	3.7
	1.4
	Large Extent

	Conservation efforts ensure continued access to clean water.
	3.6
	1.3
	Large Extent


Source: Field Data (2025).

The study found that conservation practices significantly improve water resource sustainability to a large extent (Mean = 3.7, SD = 0.8) and protection measures help maintain long-term water availability to a large extent (Mean = 3.1, SD = 0.8). During the interview, interviewees said that: 
"Conservation efforts have really helped improve the sustainability of our water sources. We see more consistent water flow since the practices were introduced" Interviewee, 5th February 2025.

"I believe the conservation measures are working. The rivers and streams seem healthier, and we've had more reliable water access thanks to these practices" Interviewee, 5th February 2025.

These findings imply that conservation practices have had a positive influence on the sustainability of water resources in the Kiborian Forest Reserve. Makanda et al. (2022) consented that effective conservation practices, such as soil restoration and sustainable land management, directly contribute to improved water retention and quality in forested areas. This suggests that the ongoing conservation initiatives in the Kiborian Forest Reserve are playing a crucial role in maintaining the water resources in the district. Strengthening these practices, along with ensuring community engagement, could further enhance the reserve's role in water resource sustainability, providing long-term benefits to local populations.
The study showed that community participation supports water resource sustainability to a moderate extent (Mean = 3.0, SD = 0.9), conservation reduces soil erosion and improves water quality to a large extent (Mean = 3.6, SD = 1.3) and forest restoration positively influences water resources to a large extent (Mean = 3.7, SD = 1.6). During the interview, interviewees postulated that: 
"The community is somewhat involved in water resource management, but more active participation could help sustain these resources better" Interviewee, 5th February 2025.

"Community participation is important, but I feel that the influence could be stronger if there were more awareness and involvement in protecting water sources" Interviewee, 5th February 2025.

These findings suggest that while community participation plays a role in supporting water resource sustainability, there is potential for increased engagement to make a more significant influence. On the same line, Torremorell et al. (2021) added that strong governance and clear institutional frameworks are crucial in ensuring the effective implementation of protection measures, particularly in areas that rely heavily on forest ecosystems for water sustainability. However, Dash et al. (2024) indicated that despite these protective efforts, socio-economic factors like land ownership and local governance still play a critical role in determining the effectiveness of conservation initiatives. This suggests that while forest restoration and law enforcement are vital in safeguarding water resources in Kiborian Forest Reserve, addressing socio-economic challenges and strengthening governance mechanisms would enhance the long-term success of these measures.
Findings showed that enforcement of conservation laws improves water management to a large extent (Mean = 3.6, SD = 1.3), sustainable practices protect water bodies to a large extent (Mean = 3.8, SD = 1.2) hence conservation efforts improve local water ecosystems to a large extent (Mean = 4.0, SD = 1.2). During the interview, interviewees stated that: 
"When conservation laws are strictly enforced, we've seen much better water management. It’s clearer now that water bodies are being better protected" Interviewee, 5th February 2025.

"The enforcement of laws really makes a difference. People are more cautious about what they do around the water sources, and it’s positively affecting the overall health of the ecosystem" Interviewee, 5th February 2025.

These findings suggest that the enforcement of conservation laws has played a key role in improving water management and protecting water bodies in the Kiborian Forest Reserve. This disagrees with Santos et al. (2023), who found that community involvement often faces resistance due to conflicting interests and lack of awareness about the long-term benefits of conservation. Alule et al. (2022) however indicated that when local communities are properly engaged and educated, their active participation leads to more sustainable outcomes, as they are more likely to support and uphold conservation initiatives. This suggests that in Kiborian Forest Reserve, increasing awareness and fostering collaboration between authorities and local communities could improve conservation outcomes, ensuring long-term sustainability of water resources.
The study also revealed that water management aligns with long-term sustainability goals to a large extent (Mean = 3.7, SD = 1.4) while conservation efforts ensure continued access to clean water to a large extent (Mean = 3.6, SD = 1.3). During the interview, interviewees pointed that: 

"The water management strategies in place are clearly aligned with sustainability goals. We can see that the efforts to manage water resources are aimed at ensuring long-term availability" Interviewee, 5th February 2025.

"Conservation efforts have been very effective in guaranteeing that we have access to clean water. The projects they've implemented ensure that our water sources remain safe and usable." Interviewee, 5th February 2025.

These findings suggest that the water management practices in place are effectively aligned with long-term sustainability goals, which is crucial for the ongoing viability of water resources in the Kiborian Forest Reserve. This agrees with Izah and Ogwu (2023), who emphasized that conservation initiatives, such as reforestation and controlled land use, enhance water retention and reduce contamination risks, leading to long-term water security. However, Ract et al. (2024) argued that conservation efforts must be coupled with adaptive management strategies to address the dynamic challenges posed by climate change and human activities. Strengthening conservation measures in Kiborian Forest Reserve alongside adaptive strategies could enhance water sustainability while mitigating future environmental uncertainties.
Table 4.5: Correlation TC "Table 4.5: Correlation" \f T \l "1" 
	Correlations

	
	Conservation Practices
	Sustainability of Water Resources

	Conservation Practices
	Pearson Correlation
	1
	

	
	Sig. (2-tailed)
	
	

	
	N
	320
	

	Sustainability of Water Resources
	Pearson Correlation
	.705
	1

	
	Sig. (2-tailed)
	.000
	

	
	N
	320
	320


Source: Field Data (2025).

The study found a strong positive correlation between conservation practices and the sustainability of water resources, with a Pearson correlation coefficient of 0.705 (p-value = 0.000). This indicates that as conservation practices improve, the sustainability of water resources also tends to increase. The correlation is statistically significant, suggesting a meaningful relationship between the two variables. These findings emphasize the importance of implementing effective conservation practices to ensure the long-term sustainability of water resources in the Kiborian Forest Reserve and surrounding areas.
Conservation efforts has yielded 26% increment of forest landcover from 2019 (before conservation) to 2025, mostly from conversion of woodland to forest due to reduced illegal tree cutting and progressive growth of small trees into large trees. Results also show increase of woodland cover. Increase in tree cover in Kiboriani FR translate into increased water infiltration, soil water retention capacity, and reducing water runoff which leads sedimentation in rivers and streams (Rodrigues et al. 2019). 
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Table 4.6: Land cover between 2019 and 2025 TC "Table 4.6: Land cover between 2019 and 2025" \f T \l "1" 
	Landcover
	Area (ha)

	
	2019
	2025

	Forest
	7627.16
	9665.13

	Woodland
	8308.96
	7140.76

	Grass/shrubland
	7501.36
	6092.36

	Bareland
	1518.48
	310.97

	Agriculture
	1395.44
	3142.74


Source: Field Data (2025).

CHAPTER FIVE TC "CHAPTER FIVE" \f C \l "1" 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS TC "SUMMARY, CONCLUSIONS AND RECOMMENDATIONS" \f C \l "1" 
5.1 Overview TC "5.1 Overview" \f C \l "1" 
This chapter summarizes the conclusions and recommendations based on the study's findings. The research focused on assessing surface water resources in the Kiborian Forest Reserve, the influence of vegetation on water quality in Mpwapwa District, and the relationship between conservation practices and water sustainability. The conclusions highlight key insights, while the recommendations aim to guide future research and policy for improving water resource management.
5.2 Summary of the Findings TC "5.2 Summary of the Findings" \f C \l "1" 
5.2.1 Current Status of Surface Water Resources TC "5.2.1 Current Status of Surface Water Resources" \f C \l "1"  
The first objective of this study sought to assess the current status of surface water resources in the Kiborian Forest Reserve. The study found that surface water resources within the Kiborian Forest Reserve are available throughout the year, though with significant fluctuations, especially during the dry season. Findings revealed that while surface water quality generally meets local consumption standards, the region faces challenges such as decreasing water levels and scarcity, which are particularly acute during the dry periods. Water storage capacity and accessibility, though moderate, are not sufficient to fully meet the growing demand. Additionally, the study emphasized the role of local authorities in actively monitoring surface water resources, underscoring the importance of ongoing management to mitigate potential risks associated with water scarcity and fluctuating quality.
5.2.2 Influence of Vegetation Cover on Water Quality TC "5.2.2 Influence of Vegetation Cover on Water Quality" \f C \l "1"  
The second objective of this study aimed to evaluate the influence of vegetation cover in the Kiborian Forest Reserve on water quality in Mpwapwa District. Findings revealed that the vegetation cover in the Kiborian Forest Reserve plays a crucial role in enhancing the water quality in surrounding areas. The study showed that forested areas help significantly reduce sedimentation in nearby rivers and streams, effectively filter pollutants, and prevent contamination. Furthermore, the findings demonstrated that areas with higher vegetation density are associated with better water quality. The study also highlighted the detrimental effects of deforestation on water quality, underscoring that loss of vegetation contributes to the deterioration of water conditions. The research found a direct, positive relationship between the health of the forest and the purity of water resources, with vegetation reducing runoff and minimizing the need for chemical interventions, thereby ensuring cleaner water in the region.
5.2.3 Relationship between Conservation Practices and the Sustainability of Water Resources TC "5.2.3 Relationship between Conservation Practices and the Sustainability of Water Resources" \f C \l "1"  
The third objective of this study sought to investigate the relationship between conservation practices in the Kiborian Forest Reserve and the sustainability of water resources in Mpwapwa District. The study uncovered that conservation practices within the Kiborian Forest Reserve are fundamental to the sustainability of water resources in Mpwapwa District. Findings revealed that effective protection measures, such as forest restoration and sustainable land management, play a vital role in preserving water quality and ensuring long-term water availability. The study showed that conservation efforts, including the enforcement of conservation laws and community engagement, are key to mitigating soil erosion and enhancing water retention. Additionally, the research found that active participation from local communities significantly supports the success of these conservation initiatives, contributing to the resilience of local water ecosystems. The study concluded that these practices are essential for safeguarding water resources and promoting their long-term sustainability in the district.
5.3 Conclusions TC "5.3 Conclusions" \f C \l "1" 
This study aimed to assess the role of the Kiborian Forest Reserve in supporting the sustainability of water resources in Mpwapwa District. The study concluded that the current status of surface water resources in the Kiborian Forest Reserve reflects a moderate level of availability, with noticeable challenges, particularly during the dry season. The fluctuations in water availability, coupled with concerns over declining water quality and limited storage capacity, suggest that while the reserve's surface water resources are valuable, they are vulnerable to seasonal changes and human activity. These findings underscore the need for enhanced management practices to ensure a steady supply of water year-round, especially during dry periods, and highlight the critical role of local authorities in monitoring and maintaining water resources to mitigate the effects of water scarcity.
Moreover, the study concluded that vegetation cover in the Kiborian Forest Reserve plays a pivotal role in preserving water quality in Mpwapwa District. Healthy forests act as natural filters by reducing sedimentation, preventing contamination, and regulating water runoff. The positive correlation between forest health and water quality indicates that maintaining or expanding vegetation cover is essential to safeguarding clean water for the local community. This conclusion stresses the importance of protecting the reserve's vegetation as part of broader environmental strategies to enhance water quality, and it highlights the negative influences of deforestation on water systems, calling for urgent attention to conservation efforts.
Also, the study concluded that conservation practices within the Kiborian Forest Reserve are integral to the long-term sustainability of water resources in Mpwapwa District. Effective conservation measures, such as forest restoration, the enforcement of conservation laws, and community engagement, are vital for ensuring that water resources remain viable for future generations. These practices contribute to reducing soil erosion, improving water retention, and enhancing the resilience of water ecosystems. This conclusion reinforces the idea that conservation is not only essential for preserving biodiversity but is also a key component of sustainable water resource management. The study advocates for continued and expanded conservation efforts, involving local communities and relevant authorities, to ensure the sustainable use and protection of water resources in the district.
5.4 Recommendations TC "5.4 Recommendations" \f C \l "1" 
Based on the findings and conclusions of this study, the following recommendations are proposed to enhance the management and sustainability of water resources in the Kiborian Forest Reserve and Mpwapwa District:

i. Firstly, the study recommends strengthening water resource management strategies within the Kiborian Forest Reserve, particularly during the dry season when water levels tend to decline. Local authorities should develop and implement more effective water storage solutions, such as rainwater harvesting systems and the construction of additional water reservoirs, to ensure a steady supply of water throughout the year. Additionally, monitoring and data collection efforts should be enhanced to better track water availability and quality, allowing for timely interventions in response to fluctuations in water levels or quality.
ii. The study recommends prioritizing the protection and restoration of vegetation cover in the Kiborian Forest Reserve as a critical measure for improving water quality. Authorities should focus on reforestation initiatives to restore areas affected by deforestation and actively work to prevent illegal logging and land encroachment. Promoting sustainable land-use practices within the community, including agroforestry and soil conservation techniques, will further help protect the forest cover, thereby enhancing water filtration, reducing sedimentation, and preventing contamination of water resources.
iii. This study also recommends expanding and intensifying conservation practices in the Kiborian Forest Reserve to ensure the long-term sustainability of water resources in the region. This includes stricter enforcement of conservation laws, as well as fostering stronger community involvement in conservation efforts. Community-based initiatives, such as local water management committees and conservation education programs, should be established to encourage active participation and raise awareness about the importance of preserving both forest cover and water resources. Furthermore, promoting partnerships between local government, non-governmental organizations, and other stakeholders will be crucial in mobilizing resources and fostering collaborative efforts to safeguard the region’s water ecosystems.
5.6 Area for Further Studies TC "5.6 Area for Further Studies" \f C \l "1" 
Future studies should examine the social and cultural elements that influence local perceptions of conservation methods in order to improve the sustainability of the water resources in the Kiborian Forest Reserve. Designing more successful and culturally appropriate conservation measures requires an understanding of community attitudes and actions. A comparative analysis of conservation methods in distinct forest reserves may also shed light on the advantages and disadvantages of different strategies. The Kiborian Forest Reserve may implement best practices for managing its water and forest resources by studying successful examples. 
Furthermore, determining the precise effects of breaking up continuous forest cover would be made easier by looking at how forest fragmentation affects water supplies. This study may provide answers to lessen the consequences of fragmentation by demonstrating how it causes problems with water retention and quality deterioration. Examining the ecological and financial advantages of vegetation cover, such as possible ecotourism and biodiversity preservation, may further emphasize the multifaceted importance of preserving healthy forests. The long-term viability of the nearby ecology and water supplies will be supported by such a comprehensive strategy.
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APPENDICES TC "APPENDICES" \f C \l "1" 
Appendix I: Questionnaires

You are invited to participate in the study "The Influence of Protected Areas on Water Resource Sustainability: A Case of Kiborian Forest Reserve, Mpwapwa District, Tanzania" by Mr. …………. from the Open University of Tanzania. Your responses are essential and will remain confidential. Please avoid including your name to ensure anonymity. Thank you for your valuable contribution!
1: PERSONAL INFORMATION

Please tick (√) in the most appropriate answer box

	
	Tick

	Gender
	Male
	

	
	Female
	

	Age
	18-25
	

	
	26-35
	

	
	36-45
	

	
	46-55
	

	
	56 and above
	

	Educational Level
	No formal education
	

	
	Primary school
	

	
	Secondary school
	

	
	College Education
	

	
	Vocational Training
	

	Occupation
	Self-Employed
	

	
	Employed
	

	
	Retired
	

	
	Student
	

	
	Unemployed
	

	Participation in Conservation Activities
	Yes, regularly
	

	
	Yes, occasionally
	

	
	No, never
	

	
	
	


2. SPECIFIC QUESTIONS

Please tick (√) in the most appropriate answer box

1=No Extent 2= Little Extent 3=Moderate Extent 4= Large Extent 5= Very Large Extent
	Current status of surface water resources in the Kiborian Forest Reserve
	RANKING SCALE

	
	1
	2
	3
	4
	5

	Surface water resources are abundant throughout the year.
	
	
	
	
	

	Water flow in rivers and streams is consistent.
	
	
	
	
	

	Surface water quality meets local standards for consumption.
	
	
	
	
	

	Water levels decline during dry seasons.
	
	
	
	
	

	Water resources are a significant local source.
	
	
	
	
	

	Water is easily accessible for local use.
	
	
	
	
	

	Water storage capacity is sufficient.
	
	
	
	
	

	Water quality has deteriorated over the years.
	
	
	
	
	

	Water scarcity is a frequent issue.
	
	
	
	
	

	Authorities actively monitor surface water resources.
	
	
	
	
	

	Influence of Vegetation Cover on Water Quality

	Vegetation improves water quality in surrounding areas.
	
	
	
	
	

	Forests reduce sedimentation in rivers and streams.
	
	
	
	
	

	Vegetation helps filter water and prevent pollution.
	
	
	
	
	

	Areas with more vegetation have better water quality.
	
	
	
	
	

	Deforestation has negatively affected water quality.
	
	
	
	
	

	Forest health directly influences water quality.
	
	
	
	
	

	Vegetation reduces runoff, improving water purity.
	
	
	
	
	

	Lack of vegetation increases contamination.
	
	
	
	
	

	Vegetation cover reduces the need for chemical treatments.
	
	
	
	
	

	Vegetation condition influences the health of nearby water bodies.
	
	
	
	
	

	Relationship Between Conservation Practices and Sustainability of Water Resources
	
	
	
	
	

	Conservation practices improve water resource sustainability.
	
	
	
	
	

	Protection measures help maintain long-term water availability.
	
	
	
	
	

	Community participation supports water resource sustainability.
	
	
	
	
	

	Conservation reduces soil erosion and improves water quality.
	
	
	
	
	

	Forest restoration positively influences water resources.
	
	
	
	
	

	Enforcement of conservation laws improves water management.
	
	
	
	
	

	Sustainable practices protect water bodies.
	
	
	
	
	

	Conservation efforts improve local water ecosystems.
	
	
	
	
	

	Water management aligns with long-term sustainability goals.
	
	
	
	
	

	Conservation efforts ensure continued access to clean water.
	
	
	
	
	


THANK YOU!

Appendix II: Interview Guide
Dear respondent,

This interview aims to gather information on "The Influence of Protected Areas on Water Resource Sustainability: A Case of Kiborian Forest Reserve, Mpwapwa District, Tanzania." Your responses will remain confidential and be used only for research purposes. Thank you for your cooperation and valuable time.

Section I: Current status of surface water resources in the Kiborian Forest Reserve.

1. What are the main sources of surface water in the Kiborian Forest Reserve?

2. How has the availability of surface water changed over time?

3. Are there any seasonal variations in surface water levels?

4. What factors influence surface water availability in the reserve?

5. How does the community use surface water from the reserve?

Section II: Influence of vegetation cover in the Kiborian Forest Reserve on water quality 

1. How would you describe the vegetation cover in the Kiborian Forest Reserve?

2. How does the forest vegetation affect water quality in Mpwapwa District?

3. What vegetation types influence water quality the most?

4. Have you noticed any changes in water quality linked to forest cover?

5. How does forest cover influence water quality downstream?

Section III: Relationship between conservation practices in the Kiborian Forest Reserve and the sustainability of water resources.

1. What conservation practices are in place in the forest reserve?

2. How have conservation efforts affected water resource sustainability?

3. How does the community participate in forest conservation?

4. What challenges affect conservation practices in the reserve?

5. How do conservation practices contribute to long-term water sustainability?

Appendix III: Data Collection Letter to TFS


Appendix IV: Research Permit

Appendix V: Research Clearance
Current Status of Surface Water Resources


Water Flow Rate


Water Storage Capacity


Water Quality (Turbidity & Pollutants)





DEPENDENT VARIABLE





INDEPENDENT VARIABLES








Vegetation Cover on Water Quality


Forest Density


Vegetation Type & Health


Soil Erosion Control





Sustainability of Water Resources


Water availability and uses 


 Ecosystem health











Conservation Practices


Afforestation/Reforestation


Protected Area Management


Community Engagement








