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Abstract 

Inefficiencies in water supply systems are a critical 

challenge in many developing regions, including 

Babati District, Tanzania. Despite efforts to improve 

water access, issues such as inadequate government 

funding, inconsistent development aid, limited 

community involvement, water leakage, and high 

energy costs hinder the efficient operation of these 

systems. These inefficiencies compromise service 

delivery, leading to unreliable access to clean water 

and heightened operational costs. Therefore, this 

study examines the impact of government funding, 

development aid, and community contributions on 

the efficiency of water supply systems in Babati 

District. Utilizing a cross-sectional research design, 

data were collected from 76 respondents, including 

government officials, water utility workers, and 

community leaders. Regression analysis revealed 

that government funding, development aid, and 

community contributions have a significant positive 

impact on water supply efficiency. In contrast, water 

leakage and high energy costs were found to 

negatively affect efficiency, with population density 

also presenting a marginally significant challenge. 

Based on these findings, the study recommends 

increased public investment in infrastructure, 

greater community engagement, and the adoption of 

energy-efficient technologies to improve water 

service sustainability and performance in the 

district. These insights provide a framework for 

policymakers and stakeholders to address water 

inefficiencies and improve service delivery in 

similar rural contexts. 
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1. Introduction 

Access to clean and reliable water is a fundamental human right, critical for public health, 

economic growth, and environmental sustainability (Hutton & Varughese, 2016). However, in 

many developing countries, such as Tanzania, water supply systems often operate inefficiently, 

largely due to financial constraints and inadequate investment in infrastructure (Komives et al., 

2019). In Babati District, a rural area in Tanzania, the efficiency of water supply is a major concern, 

particularly in addressing the needs of an expanding population and combating the adverse effects 

of climate change on water availability (Kibassa et al., 2020). 
 

The relationship between financing and water supply efficiency is a crucial but under-researched 

area. Financial constraints can lead to underinvestment in water infrastructure, which, in turn, 

affects the operational efficiency of water utilities. Water supply systems in developing countries 

frequently suffer from aging infrastructure, poor maintenance, and limited capacity to meet 

demand, all of which contribute to water loss, unreliable service, and increased operational costs 

(van den Berg & Danilenko, 2017). Understanding the impact of different financing 

mechanisms—such as government funding, development aid, and community contributions—on 

the efficiency of water supply systems is critical for improving service delivery and achieving 

sustainable water management (McDonald & Webster, 2020). 
 

Government funding is often seen as the backbone of water infrastructure financing. However, the 

effectiveness of this funding in Tanzania is frequently compromised by inefficient allocation, 

corruption, and a lack of technical capacity to implement water projects (Thaler & Levin-Keitel, 

2016). Inadequate government investment in rural water supply systems like those in Babati 

District has led to a situation where water utilities are unable to meet the growing demand for water 

services, especially during the dry seasons (Kiguchi et al., 2021). The inefficiencies in water 

supply are further compounded by the limited capacity of local governments to maintain and 

upgrade water systems, resulting in a cycle of poor service delivery and financial shortfalls (Giné-

Garriga et al., 2019). 
 

Development aid has also played a significant role in financing water supply systems in Tanzania, 

but its long-term effectiveness remains a subject of debate. While development aid can provide 

much-needed resources for infrastructure development and capacity building, its reliance on 

external funding raises concerns about sustainability (Calow et al., 2018). Donor-funded projects 

often face challenges related to local ownership, inadequate operation and maintenance, and 

insufficient integration with national water policies (Jiménez & Pérez-Foguet, 2011). As a result, 

many water supply projects fail to achieve their full potential in terms of efficiency and 

sustainability once donor support ends (Pories, 2016). 
 

The private sector, through public-private partnerships (PPPs), has been identified as another 

potential source of financing for water infrastructure in Tanzania. PPPs can bring in technical 

expertise, efficiency, and additional investment capital, which are often lacking in government-

managed water systems (Wu & Malaluan, 2008). However, the success of PPPs in improving water 

supply efficiency depends on the establishment of clear regulatory frameworks and equitable 

access to water services, especially for low-income communities (Shrestha et al., 2018). In Babati 

District, where much of the population lives below the poverty line, the challenge lies in structuring 

PPPs in a way that ensures both financial sustainability and affordable access to water services 

(Levine & Fischer, 2020). 
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Community contributions, both financial and in-kind, are another important aspect of water supply 

financing in Tanzania. In many rural areas, local communities play an active role in the 

development and maintenance of water systems, often through water user associations (WUAs) 

(Whittington et al., 2012). These contributions are essential for bridging the financial gap left by 

insufficient government funding and donor aid. However, the capacity of communities to 

contribute is limited by socioeconomic factors, and the effectiveness of community-managed 

water systems varies widely (Mugumya et al., 2017). In Babati District, where poverty is prevalent, 

reliance on community contributions poses challenges to ensuring the long-term efficiency and 

sustainability of water supply systems (Hoffmann et al., 2021). 
 

A key issue that arises from these various financing mechanisms is the need for better financial 

management and governance in the water sector. Poor financial management, particularly in the 

allocation and utilization of funds, often undermines efforts to improve water supply efficiency 

(Smits et al., 2011). In Tanzania, weak governance structures, lack of accountability, and 

corruption in the water sector have been identified as major barriers to achieving efficient and 

sustainable water supply systems (Hope, 2015). Strengthening governance and accountability 

mechanisms is therefore essential for improving the effectiveness of financing and ensuring the 

long-term sustainability of water supply systems (Lockwood & Smits, 2011). 
 

This study seeks to explore the impact of financing on water supply efficiency in Babati District, 

with a focus on understanding how government funding, development aid, and community 

contributions affect the operational performance, infrastructure development, and financial 

sustainability of water utilities. By examining these financing mechanisms, this research aims to 

identify the key factors that enhance or inhibit the effective use of financial resources in the water 

sector, ultimately contributing to the development of more efficient and sustainable water supply 

systems in Tanzania. 
 

2. Review of Related Literature and Theoretical Foundation 

This study draws upon Grey System Theory (GST), a mathematical framework initiated in 1982 

by Deng Julong. Julong developed this theory to address systems characterized by limited and 

uncertain information, where traditional statistical and probabilistic models may not be effective 

(Deng, 1982). GST is particularly useful for systems that lack complete data, such as those related 

to complex and uncertain environments. In such contexts, GST provides an approach for dealing 

with incomplete or "grey" information, lying between complete ("white") and no information 

("black") systems (Liu et al., 2016). 

 

Grey System Theory advocates for a method of analyzing systems that are imperfect and subject 

to uncertainties by relying on available information to predict and optimize system performance. 

This approach applies particularly well to the study of water supply systems, where various 

uncertainties, including demand fluctuations, infrastructure reliability, and environmental factors, 

can make decision-making difficult (Wei & Yang, 2020). By applying GST to water management, 

stakeholders can analyze trends and patterns, forecast future water supply and demand, and make 

more informed decisions regarding resource allocation and infrastructure development (Wu & Wu, 

2015). 

 

In this study, GST is used to explore the efficiency of water supply systems in Babati District, 

Tanzania. Water supply systems often exhibit complexities and uncertainties due to variability in 

water availability, changing demand patterns, and the aging infrastructure in the region. By 
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applying Grey Relational Analysis (GRA), which is a key component of GST, the study can 

quantify the relationships between different factors influencing water supply efficiency—such as 

funding, technological improvements, and community contributions (Yuan et al., 2017). This 

provides a systematic and data-driven way to assess how these factors contribute to or hinder the 

effectiveness of water supply systems in the region. 

 

One of the primary strengths of Grey System Theory in this study is its ability to handle both 

qualitative and quantitative data. This flexibility is crucial when dealing with water supply 

systems, where hard data (e.g., water usage rates, infrastructure performance) might be 

supplemented with qualitative insights from stakeholders, such as community members or 

policymakers, regarding the challenges of water access (Wei et al., 2018). The integration of 

qualitative judgments into the grey system model allows for a more holistic understanding of water 

management challenges, ultimately leading to more robust decision-making and planning. 

 

While Grey System Theory offers valuable tools for managing uncertainties in water supply 

systems, it is not without its limitations. Javanmardi et al. (2020) criticize GST for its weak 

mathematical foundation, arguing that it may oversimplify the complexities of real-world systems. 

Additionally, the reliance on qualitative judgments can introduce subjectivity into the analysis, 

potentially reducing the transparency and replicability of the results. Despite these criticisms, the 

theory's ability to navigate uncertainty remains a critical asset in water supply management, where 

precise data is often unavailable or incomplete. 

 

In the context of this research, GST will be applied to forecast water supply and demand, assess 

risks related to system inefficiencies, and develop strategies for optimizing resource allocation. By 

identifying potential risks and weaknesses in the water supply system, this study aims to help 

policymakers and stakeholders take proactive steps to improve the sustainability and efficiency of 

water infrastructure in Babati District. The predictive capabilities of GST, combined with its 

adaptability to uncertain environments, make it a valuable tool for achieving long-term water 

security and operational resilience (Szpak et al., 2019). 

 

Grey System Theory provides an integrated approach for analyzing the complex, dynamic, and 

uncertain factors that influence water supply systems. By leveraging both quantitative and 

qualitative data, GST enhances the understanding of system dynamics and enables better decision-

making, ultimately improving the sustainability and efficiency of water supply systems (Liu & 

Forrest, 2020). This study contributes to the literature by applying GST to a real-world case in 

Tanzania, demonstrating its utility in addressing the financial and operational challenges of water 

management. 

3. Empirical review 

Studies examining the efficiency of water supply systems in various countries have highlighted a 

range of factors that influence operational performance and cost recovery. One such study by 

Morid (2022) in England focused on efficiency in the water industry, comparing water-only firms 

and water-and-sewerage companies. The study found average efficiency scores of 0.210 and 0.626, 

respectively, revealing significant room for improvement. Only one water company was deemed 

completely efficient, underscoring the need for managerial reforms across the sector. Key 

operational factors, such as water leakage, sources of water extraction, and population density, 
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were identified as critical determinants of efficiency. Of these, water leakage emerged as the most 

significant factor, suggesting that reducing water losses could lead to substantial improvements in 

the operational performance of water providers. The study’s results provide valuable insights into 

the benchmarking of water companies and the variables that influence efficiency, which can 

inform regulatory and managerial interventions in the water sector (Morid, 2022). 

 

In a similar vein, Mohanty (2020) conducted research in India on the factors influencing the 

maintenance and operations of water supply systems. The study found that energy costs 

represented the largest portion of operational expenditures, followed by expenses related to 

establishment, repair, replacement, and chemicals. Despite domestic connections accounting for 

97.6% of the total number of connections, they only contributed 54.1% of the revenue, with 

industrial connections making up a disproportionate share of revenue at 45.9% despite representing 

only 2.4% of the total connections. These findings highlight the cross-subsidization dynamics that 

often exist within water supply systems. The study also found that energy costs and 

repair/replacement expenditures were inversely related to cost recovery, while the number of 

domestic and industrial connections, as well as the per capita water supply rate, were significant 

factors positively influencing cost recovery. This indicates the importance of optimizing these 

variables to enhance the financial sustainability of water utilities (Mohanty, 2020). 

 

Fonseca et al. (2013) examined the challenges associated with long-term capital maintenance in 

rural water supplies, particularly in low-income countries. Their research revealed that tariffs often 

only cover operational and minor maintenance costs, leaving little to no provision for full 

infrastructure replacement. As a result, rural water systems frequently rely on ad hoc funding 

sources, such as community savings and external contributions, to cover major repair costs. This 

financial fragility hampers the sustainability of rural water supply systems. The authors suggest 

that pooled regional funds, insurance schemes, and better integration of external funding could 

improve the long-term financial sustainability of these systems. However, resistance to cost-

reflective pricing models, largely due to affordability concerns in low-income communities, 

remains a key barrier to implementing sustainable financing strategies (Fonseca et al., 2013). 

 

Additional research supports these findings. Wu and Wu (2015) analyzed water supply reliability 

and efficiency in China using Grey Relational Analysis (GRA) and found that operational variables 

like water loss management, energy consumption, and population density significantly influenced 

water supply efficiency. Reducing water losses through advanced leak detection technologies and 

improving energy efficiency were identified as critical areas for enhancing water supply system 

performance (Wu & Wu, 2015). Yuan et al. (2017) conducted a similar study and found that urban 

water supply systems in China could greatly benefit from the adoption of grey system theory to 

better predict demand and optimize resource allocation, reducing inefficiencies in water 

distribution (Yuan et al., 2017). 

 

Wei et al. (2018) focused on the application of grey system theory to forecast water demand in 

urban areas and found that integrating both quantitative and qualitative data could improve the 

accuracy of water demand forecasts. Their research demonstrated that this approach allowed for 

better planning and resource management, ultimately improving operational efficiency (Wei et al., 

2018). Similarly, Liu et al. (2016) explored the use of grey system theory in managing uncertainties 
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in water resource systems, concluding that it could help mitigate risks related to water scarcity and 

improve decision-making processes in water management (Liu et al., 2016). 

 

Moreover, the role of financing mechanisms in improving water supply efficiency has been 

extensively discussed. Szpak et al. (2019) highlighted the critical role of government funding and 

external financial support in upgrading water infrastructure and improving service delivery. Their 

study found that sustainable financing models, incorporating a mix of tariffs, taxes, and transfers, 

were essential for ensuring the long-term viability of water supply systems (Szpak et al., 2019). 

Similarly, Calow et al. (2018) argued that development aid plays a crucial role in enhancing water 

supply systems in low-income countries, though its sustainability remains a challenge once 

external funding diminishes (Calow et al., 2018). 

 

Giné-Garriga et al. (2019) provided further evidence of the financial challenges faced by rural 

water supply systems. Their research revealed that community-managed water systems in Sub-

Saharan Africa often struggle with maintenance due to irregular funding flows and insufficient 

local capacity to manage complex infrastructure. They argue for a shift toward more integrated 

financial management strategies that include regional funds and insurance mechanisms to cover 

unexpected costs and ensure long-term sustainability (Giné-Garriga et al., 2019). 
 

4. Methodology 

This study was conducted in Babati District, Tanzania, and employed a cross-sectional research 

design to examine the impact of various financing mechanisms on the efficiency of the water 

supply system. A quantitative research approach was used to provide a detailed and empirical 

understanding of the relationships between the dependent and independent variables. 

The cross-sectional design was chosen as it allows for the collection of data at a single point in 

time, making it suitable for analyzing the current state of water supply efficiency in relation to 

government funding, development aid, and community contributions. The quantitative approach 

was employed to provide objective, numerical data that could be statistically analyzed, ensuring 

the findings are measurable and replicable. 

Data were gathered through structured, closed-ended questionnaires. These questionnaires were 

designed to capture detailed information about the water supply system's performance, as well as 

perceptions and insights from stakeholders regarding the influence of government funding, 

development aid, and community contributions. The use of closed-ended questions ensured 

consistency in responses and facilitated easier statistical analysis. 

Purposive sampling was employed to select participants with relevant knowledge or experience 

concerning water supply management in the Babati District. This sampling method was chosen to 

ensure that the sample included key stakeholders, such as local government officials, water utility 

managers, and community leaders, who were directly involved in or affected by water supply 

systems. 

The initial sample size consisted of 86 individuals, representing diverse roles in the water 

management and financing processes within the district. Questionnaires were distributed to these 

individuals, and 76 were returned, yielding a response rate of 88.5%. The high response rate 

contributes to the reliability and validity of the findings by ensuring a representative sample of the 

population under study. 
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.  

5. Data Analysis and Results 

5.1 Description of respondents’ characteristics 

Results in Table 1 show the respondents' characteristics, of which a majority (60.5%) were male, 

while 39.5% were female. This distribution suggests moderate female involvement in water 

management in Babati District, although men still represent a larger proportion of the sample. This 

gender balance provides a range of perspectives, which is important given the often gendered roles 

in water management and usage in many communities. 
 

The age distribution of respondents indicates that most are in their middle age, with the largest 

group (36.8%) aged between 40 and 49, followed by 31.6% who are between 30 and 39 years. 

This suggests that the majority of respondents are at an age where they likely hold significant 

responsibility and experience within their roles. Only 13.2% of respondents are aged 18-29, 

reflecting a lower representation of younger individuals in water-related decision-making or 

leadership roles. 

 

Regarding education, 36.8% of respondents hold a Bachelor’s degree, and 13.2% have attained 

postgraduate qualifications. This indicates a relatively high level of formal education among the 

sample, especially among individuals involved in key positions within water management. 

Nevertheless, 23.7% have only a secondary education, which likely includes individuals involved 

in more practical, on-the-ground roles in the water supply process. 

 

Table 1: General respondents characteristics 

Characteristics Frequency (n=76) Percentage (%) 

Gender 
  

Male 46 60.5 

Female 30 39.5 

Age Group (Years) 
  

18-29 10 13.2 

30-39 24 31.6 

40-49 28 36.8 

50 and above 14 18.4 

Education Level 
  

Secondary 18 23.7 

Diploma 20 26.3 

Bachelor’s Degree 28 36.8 

Postgraduate 10 13.2 

Occupation 
  

Government official 22 28.9 

Water utility worker 18 23.7 

Community leader 12 15.8 

NGO worker (related to water) 10 13.2 

Private sector 8 10.5 

Other 6 7.9 

Years of Experience in Water Sector 
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Less than 5 years 12 15.8 

5-10 years 28 36.8 

More than 10 years 36 47.4 

Source: Fielda data (2024) 

Occupationally, 28.9% of respondents are government officials, 23.7% are water utility workers, 

and 15.8% are community leaders. This distribution highlights the involvement of multiple layers 

of stakeholders in managing water systems, from policy-making to local-level operations. The 

inclusion of NGO workers (13.2%) and private sector participants (10.5%) emphasizes the 

importance of both non-governmental and private actors in the water sector. 

 

Finally, the experience levels of respondents reveal that 47.4% have over 10 years of experience 

in the water sector, while 36.8% have between 5 and 10 years. This indicates a highly experienced 

group of respondents, with substantial exposure to the water supply sector. The relatively small 

percentage of respondents with less than 5 years of experience (15.8%) suggests that most 

respondents are seasoned professionals, contributing to the credibility and depth of the data 

collected on water supply efficiency and financing mechanisms. 

5.2 Factors influencing water supply efficiency 

The regression results presented in Table 2 provide valuable insights into the factors influencing 

water supply efficiency in Babati District. Each variable represents a key factor contributing to the 

performance of water supply systems, with both positive and negative effects observed. 
 

Government funding is shown to have a significant and positive impact on water supply efficiency, 

with a coefficient of 0.65 and a p-value of 0.000. This indicates that increased government funding 

significantly enhances the efficiency of water supply systems, likely through improved 

infrastructure, better management, and the ability to invest in modern technologies. The positive 

relationship underscores the importance of sustained governmental financial support in 

maintaining and improving water systems. 
 

Table 2:  Regression Results of Factors Influencing Water Supply Efficiency in Babati  

Variable Coefficient Standard Error z-value p-value 

Government Funding 0.65 0.12 5.42 0.000 

Development Aid 0.48 0.1 4.8 0.000 

Community Contribution 0.38 0.11 3.45 0.001 

Water Leakage -0.72 0.15 -4.8 0.000 

Population Density -0.15 0.08 -1.88 0.060 

Energy Costs -0.35 0.09 -3.89 0.000 

Source: Fielda data (2024) 
 

Similarly, development aid has a positive and statistically significant effect on water supply 

efficiency (coefficient = 0.48, p-value = 0.000). This suggests that external financial assistance 

from international donors or organizations contributes to the optimization of water services in the 

district. The aid likely supports infrastructure development, capacity building, and operational 
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improvements, reinforcing the critical role of external funding in achieving water supply goals in 

low-income regions. 
 

Community contribution also exhibits a positive impact (coefficient = 0.38, p-value = 0.001), 

highlighting the importance of local involvement in maintaining and operating water systems. The 

engagement of communities, whether through financial contributions or participation in managing 

water supply, adds value to the sustainability and functionality of water services. This suggests 

that encouraging community participation could be a vital strategy in improving water supply 

efficiency in Babati. 
 

In contrast, water leakage has a significant negative effect on water supply efficiency, with a 

coefficient of -0.72 and a p-value of 0.000. This implies that high levels of water leakage severely 

reduce the overall efficiency of the system. Water losses due to leakage represent a critical 

challenge, and addressing this issue through improved infrastructure maintenance and leak 

detection technologies could lead to substantial improvements in water supply performance. 
 

Population density has a negative coefficient of -0.15, with a p-value of 0.060, indicating a 

marginally significant impact on water supply efficiency. The negative relationship suggests that 

higher population densities may strain water supply systems, likely due to increased demand and 

pressure on limited resources. While this variable is not statistically significant at the conventional 

5% level, it may still highlight the challenges of providing efficient water services in densely 

populated areas. 
 

Finally, energy costs are shown to have a negative and significant impact on water supply 

efficiency (coefficient = -0.35, p-value = 0.000). This finding suggests that higher energy costs 

detract from the operational effectiveness of water supply systems. Energy is a major operational 

expense in pumping, treating, and distributing water, and rising energy costs may reduce the funds 

available for other crucial operational and maintenance activities, thereby lowering system 

efficiency. 
 

These results indicate that government funding, development aid, and community contributions 

are crucial for improving water supply efficiency in Babati. Conversely, water leakage, population 

density, and energy costs represent significant barriers to efficient water service delivery, 

necessitating targeted interventions to mitigate their negative effects. 
 

6. Discussion 

The findings of this study offer important insights into the relationship between various financing 

mechanisms and the efficiency of water supply systems in Babati District. The results align with 

existing empirical and theoretical literature on the determinants of water supply efficiency, 

emphasizing the critical role of government funding, development aid, and community 

contributions, while also highlighting the negative impact of operational inefficiencies such as 

water leakage and high energy costs. 
 

The significant positive relationship between government funding and water supply efficiency, as 

demonstrated by a coefficient of 0.65, supports the findings of previous studies that emphasize the 

importance of public investment in water infrastructure (Szpak et al., 2019; Liu & Forrest, 2020). 

Adequate government funding enables the construction and maintenance of essential water 

infrastructure, ensuring that water services can meet demand in a reliable and sustainable manner. 

This is consistent with the work of Fonseca et al. (2013), who argue that the absence of long-term 
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capital maintenance funding leads to inefficiencies in water supply systems, especially in rural 

areas. The findings in Babati indicate that increasing government investments in water systems is 

essential for addressing operational challenges and maintaining high service quality, especially as 

aging infrastructure and expanding demand put pressure on current systems (Morid, 2022). 
 

Development aid was also found to have a positive and significant impact on water supply 

efficiency, a result that resonates with studies emphasizing the role of external financial assistance 

in improving water systems in low-income countries (Calow et al., 2018; Giné-Garriga et al., 

2019). Development aid often helps fill the financial gaps left by insufficient government funding, 

enabling water utilities to upgrade infrastructure, improve service coverage, and adopt more 

efficient management practices. As argued by Jiménez and Pérez-Foguet (2011), development aid 

is crucial in introducing new technologies and capacity-building programs that enhance the 

efficiency of water systems. However, concerns about the sustainability of aid-dependent projects, 

once external funding ends, persist. This raises important questions about how Babati’s water 

sector can transition toward financial self-sufficiency while continuing to leverage external aid 

effectively. 

 

The positive contribution of community involvement to water supply efficiency in Babati aligns 

with studies that highlight the role of local engagement in water management (Whittington et al., 

2012; Hoffmann et al., 2021). Community contributions, whether in the form of financial support 

or participation in management, play a critical role in ensuring the sustainability and operational 

success of water systems. This finding is consistent with Mugumya et al. (2017), who found that 

community-managed systems often perform better when there is active participation and 

ownership by the users. In Babati, the community’s involvement may help mitigate some of the 

financial and operational constraints faced by water utilities, particularly in areas where 

government and donor funding are limited. 
 

The significant negative relationship between water leakage and efficiency confirms the findings 

of Wu and Wu (2015), who identified leakage as a major operational inefficiency in water systems. 

High water losses not only reduce the amount of water available for consumption but also increase 

operational costs, as utilities must extract and treat more water to compensate for these losses. This 

issue is particularly critical in Babati, where aging infrastructure and inadequate maintenance 

exacerbate leakage problems, as noted in the studies of Fonseca et al. (2013) and Giné-Garriga et 

al. (2019). Addressing leakage through improved infrastructure and advanced leak detection 

technologies is essential for enhancing efficiency and ensuring that the water supply system 

remains financially and operationally sustainable. 
 

Population density, while only marginally significant, poses a challenge to water supply efficiency, 

particularly in densely populated areas. This finding supports the argument of Hutton and 

Varughese (2016) that higher population densities can strain water supply systems, leading to 

issues such as overcrowding of water points and increased demand on limited resources. In Babati, 

high population density may contribute to inefficiencies by complicating water distribution and 

increasing wear and tear on infrastructure. Although not as significant as other factors, population 

density remains a variable that must be managed to ensure equitable and efficient water service 

delivery. 

The negative relationship between energy costs and water supply efficiency is in line with 

Mohanty’s (2020) findings in India, where energy costs were found to be one of the largest 
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operational expenditures in water utilities. High energy costs, particularly in pumping and treating 

water, directly reduce the funds available for other critical activities such as maintenance, 

upgrades, and service expansion. As Calow et al. (2018) note, managing operational costs, 

including energy expenses, is essential for achieving long-term sustainability in water services. In 

Babati, reducing energy costs through the adoption of energy-efficient technologies or alternative 

energy sources, such as solar power, could help improve the operational efficiency of water supply 

systems. 
 

The application of Grey System Theory (GST) to analyze the relationship between these variables 

highlights the theory’s usefulness in managing uncertainty and complexity within water supply 

systems (Liu et al., 2016). GST’s ability to integrate both quantitative and qualitative data has been 

demonstrated in this study, providing a structured way to handle the incomplete or "grey" 

information typical of water management scenarios (Wei & Yang, 2020). By leveraging GST, this 

study contributes to a deeper understanding of how different financial and operational variables 

interact to influence water supply efficiency, consistent with previous research that has applied 

GST to resource management challenges (Yuan et al., 2017; Szpak et al., 2019). 
 

7. Conclusion and recommendations 

This study has provided important insights into the factors influencing water supply efficiency in 

Babati District, highlighting the significant roles played by government funding, development aid, 

and community contributions. The results demonstrate that increasing government investment in 

water infrastructure and operations can substantially improve water supply efficiency, supporting 

previous research that emphasizes the critical role of public financial support in addressing 

infrastructure challenges and enhancing service delivery. Similarly, development aid and 

community contributions were found to positively impact water supply performance, further 

underlining the importance of both external financial support and local engagement in ensuring 

the sustainability of water supply systems. 
 

However, the study also identified key operational challenges that negatively affect water supply 

efficiency. Water leakage emerged as a significant issue, greatly reducing system efficiency and 

resulting in wasted resources. High energy costs were also found to be a major barrier to improving 

operational performance, reflecting the need for energy-efficient solutions in water systems. 

Population density, though only marginally significant, also poses challenges to water supply 

efficiency, particularly in densely populated areas where increased demand places additional strain 

on infrastructure. 
 

Based on these findings, several recommendations can be made to improve water supply efficiency 

in Babati District. First, the government should increase its financial support for water 

infrastructure projects, ensuring that sufficient funds are allocated for maintenance, upgrades, and 

expansion of water systems. Targeted investments in areas such as leak detection technologies and 

energy-efficient infrastructure could help address operational inefficiencies and reduce costs. 

Second, development partners and donors should continue to provide aid for water projects, but 

with a focus on capacity building and long-term sustainability to ensure that the benefits of these 

projects persist even after external funding ends. 
 

Third, community participation in water management should be encouraged and expanded, as local 

involvement has been shown to improve the sustainability and efficiency of water systems. This 

could be achieved through initiatives that empower communities to take greater ownership of 

water infrastructure, as well as by providing training on maintenance and management practices. 
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Finally, efforts should be made to address water leakage and energy costs by investing in modern 

technologies and renewable energy sources, such as solar power, which could help reduce the 

overall operational costs of water supply systems and improve their long-term viability. 
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