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ABSTRACT
The adoption of rainwater harvesting (RWH) systems in urban Nigerian homes faces challenges in balancing water scarcity and socioeconomic factors. This study aims to investigate the effectiveness of RWH systems by examining the adoption trends, efficiency, and challenges faced by households in Enugu State, Nigeria. Employing a quantitative research approach, a structured questionnaire survey was administered to a sample of 1422 respondents across three Local Government Areas (LGAs) in Enugu city. The findings reveal a high adoption rate of RWH systems, with respondents associating them with cost savings, reduced municipal water consumption, and environmental benefits. However, notable challenges emerged, including contamination risk, storage limitations, and clogging. The results indicate those respondents' concerns comprise water scarcity (59%), cost savings (50%), and environmental concerns (11%), highlighting the importance of targeted interventions. The study identifies the need for policymakers to promote awareness, education, and training programs to optimize RWH benefits. Its conclusion highlights the significance of this study in contributing to existing knowledge on sustainable urban water management, informing policy decisions, and promoting effective RWH practices.
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1. INTRODUCTION 
In recent times, various researchers have highlighted the growing importance of rainwater harvesting (RWH) as a supplementary water source, particularly in areas experiencing water scarcity (King, 2017; Bilgiç, 2023). A major proportion of the global population resides in urban areas, where water scarcity poses a significant threat to public health and well-being. Studies on RWH systems have revealed promising results, with Maxwell-Gaines (2018), emphasizing the potential of RWH to alleviate water scarcity in urban areas. The RWH system comprises several interconnected components, including catchment areas, conveyance systems, storage tanks, and treatment systems (Admin, 2023; Author, 2024). While intended for water conservation, RWH systems often exhibit inefficiencies, including low collection rates and contamination risks, which compromise their potential benefits (Maxwell-Gaines, 2018; Admin, 2023). This warrants investigations into the emergence of RWH practices within urban areas in Nigeria (Ekeng, 2023; Oberrauch, 2023). A critical vulnerability window for water scarcity exists in urban areas, particularly in Nigeria, where approximately 60 million citizens lack access to safe drinking water (Oberrauch, 2023; BillionBricks) 2024). Key triggers include inadequate infrastructure, pollution, climate change, and poor governance, which exacerbate the issue (Ekeng, 2023). Within dense urban ecosystems, strong demand effects and inadequate supply capabilities exacerbate water scarcity (Ohwo, 2016). While pervasive across disciplines, RWH implications for urban areas warrant scrutiny. Anecdotal evidence indicates reliance on alternative water sources to manage amplified water scarcity pressures, a notorious characteristic of urban areas (Mohammed et al, 2018). Prior assessments quantifying RWH potential among urban households reveal promising statistics. Admin (2023) recorded a significant reduction in water scarcity among households adopting RWH systems. Furthermore, research highlights frequent adoption of RWH systems in urban areas, particularly in regions experiencing severe water scarcity (Isukuru et al, 2024; Okovido et al, 2018). Specifically, RWH systems, defined by their ability to harvest and store rainwater, provide a viable supplementary water source, potentially encouraging water conservation and sustainability. While prior studies have examined RWH potential among urban households, a dedicated assessment focusing specifically on RWH systems in urban Nigeria remains lacking. This is an important evidence gap because urban areas in Nigeria are renowned for immense water scarcity pressures arising from inadequate infrastructure, pollution, and climate change (Mohammed et al, 2018). Anecdotal accounts indicate a tendency for reliance on alternative water sources in managing resultant water scarcity pressures. However, empirical investigations quantifying RWH potential and risk factors tailored to urban Nigeria are unavailable. Domain-specific insights can enrich prevention programs catered to this vulnerable demographic group, thereby addressing a notable literature vacuum. This backdrop provides the rationale for conducting dedicated primary research probing RWH practices among urban households in Nigeria. Findings can raise awareness on the scale of this critical water scarcity challenge and inform the design of customized countermeasures aligned to the intensely stressful urban environment. Targeted, evidence-based interventions addressing risk factors unique to urban areas are indispensable to safeguard public health and well-being. Hence the current study aims to investigate the effectiveness and efficiency of rain water harvest system in urban Nigeria home
1.1	STUDY AREA
The study area, Enugu City, is situated in the southeastern region of Nigeria, within Enugu State, and spans across three Local Government Areas (LGAs): Enugu North, Enugu East, and Enugu South. Geographically, the city lies between latitudes 6°23'N and 6°35'N, and longitudes 7°23'E and 7°35'E. The topography of Enugu City is characterized by a mix of valleys, hills, and plains, with an average elevation of 200 meters above sea level (Bevaseder, 2019). Enugu City's climate is classified as tropical wet and dry, with a distinct rainy season occurring from April to October. The city experiences an average annual rainfall of approximately 1,500 mm (Ezilon, 2015). The high annual rainfall of around 2,000 mm, combined with the city's geographical location, makes it an ideal location for rainwater harvesting. Furthermore, the city's growing urban population and significant water supply challenges, which are exacerbated during the dry season, make it an ideal location for examining the effectiveness of rainwater harvesting systems.
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Figure 1: map of Nigeria highlighting map of Enugu state and map of Enugu metropolis 
  Source: Ezilon (2015); Bevaseder (2019)
      2. LITERATURE REVIEW 
2.1 Overview of Rainwater Harvesting Systems
Rainwater harvesting (RWH) is a sustainable practice that involves the collection and storage of rainwater for various uses, including irrigation and potable water supply. This method is gaining recognition for its potential to alleviate water scarcity and manage storm water effectively (Warsi, 2022). RWH systems are designed to capture runoff from surfaces such as rooftops, roads, and other impermeable areas, and store the collected rainwater for future use (Ezilon, 2015; Warsi, 2022). By doing so, these systems reduce reliance on municipal water systems and mitigate the impact of stormwater runoff, which often leads to flooding and water contamination in urban areas. The primary purpose of RWH systems is to provide a sustainable and alternative source of water, while also contributing to the management of urban stormwater runoff and alleviating pressure on municipal water supplies (Ogale, 2024; Rahman et al, 2014). RWH systems have demonstrated considerable potential for water savings and environmental benefits in urban areas. Research has consistently shown that these systems can conserve water resources, reduce pollution, mitigate flooding, and lower water bills for homeowners (Nandi, 2022).
Studies have estimated the rainwater harvesting potential in various urban areas, highlighting the significant potential for RWH to supplement water supplies (Mohammed et al, 2018). For instance, a study in Lahore city found that RWH could make a substantial contribution to the city's water supply, while research in Brasília demonstrated the potential for significant potable water savings through RWH systems in petrol stations (Shittu, 2015). The effectiveness of RWH systems in supplementing water sources is particularly notable during periods of water scarcity or when traditional sources are of low quality (Haider et al, 2023). However, the quality and quantity of harvested water are influenced by various factors, including geographical location, land use, seasonality, rainfall intensity, and catchment surface material (Ruiz, 2007; Usman et al, 2020). Additionally, the economic viability of RWH systems depends on initial expenses, operation and maintenance costs, water fees, and government subsidies (Haider et al, 2023; Usman et al, 2020). Clear and concise policies can significantly enhance the adoption and effectiveness of RWH systems by promoting education and increasing public awareness (Shittu, 2015).
RWH systems can be categorized into three main types: non-pressurized, pressurized, and advanced systems. Non-pressurized systems, such as rain barrels, collect water directly from gutters into storage tanks. Pressurized systems involve a network of pipes that transport water from collection surfaces to storage tanks located at a distance. Advanced systems incorporate filtration and purification technologies, enabling the harvested rainwater to be used for potable purposes (Bilgiç, 2023; Haider et al, 2023). The components of a RWH system include the collection surface, typically a roof, gutters and downspouts, storage tanks, and filtration and treatment systems. The storage tank is a critical component, designed to hold the collected rainwater. To maintain water quality, these tanks should be constructed from non-corrosive materials and equipped with features such as screens to keep out debris and insects (Shittu, 2015). 
RWH systems offer several benefits, including water supply independence, environmental impact, and cost savings (Beirne et al, 2022). By providing a reliable source of water, RWH is particularly valuable in areas prone to drought or where the municipal water supply is unreliable. RWH also has a positive impact on the environment, reducing stormwater runoff and preventing urban flooding (Nandi, 2022; Beirne et al, 2022). Furthermore, RWH offers cost savings for homeowners, reducing their water bills and decreasing their reliance on expensive well drilling or connection to municipal water systems (Lade, 2015). The implementation of successful RWH systems necessitates meticulous planning and design. Several key factors must be taken into account to ensure the efficacy and sustainability of these systems. A thorough understanding of the local climate is essential, as it enables the estimation of potential water collection and storage needs based on average rainfall patterns. Regular system maintenance is also crucial to maintain water quality and system efficiency (Bilgiç, 2023; Rahman et al, 2014 and Tobin et al, 2013).
2.2 Challenges and Limitations of Rainwater Harvesting in Urban Nigeria
Inadequate infrastructure is a significant challenge facing the implementation of effective rainwater harvesting (RWH) systems in urban areas. Many urban centers lack sufficient storage capacity to collect and store harvested rainwater, thereby limiting the overall volume of water that can be collected and utilized in the future (Ohwo, 2016; Beirne et al, 2022). This infrastructure deficiency compromises the effectiveness of RWH systems, hindering their potential to provide a reliable source of water (Bell et al, 2020; Oke, 2015). The quality of roofing materials used in urban areas is another critical factor affecting the success of RWH systems. The type of material employed can significantly impact the quality of harvested rainwater, with certain materials like thatch and aluminum potentially introducing contaminants into the water (Lade, 2015). As a result, it is essential to select suitable roofing materials and implement adequate treatment measures to ensure the harvested rainwater is safe and suitable for intended uses. Health concerns are also a significant issue associated with the use of harvested rainwater (Bell et al, 2020; Okareh, 2012). Research has shown that a substantial portion of harvested rainwater is vulnerable to contamination from environmental pollutants and pathogens, which can lead to health risks such as waterborne diseases (Haider et al, 2023; Gargwd, 2024). Furthermore, public perception and awareness regarding the safety and treatment of harvested rainwater are inadequate. Many households lack trust in rainwater as a safe source of drinking water, leading to underutilization of this valuable resource (Oyewumi, 2015).
Economic barriers also hinder the adoption of rainwater harvesting (RWH) systems. One of the primary obstacles is the high initial cost of installation, which can be a prohibitive factor for many households, particularly in low-income urban areas (Obieluem et al, 2020; Oyewumi, 2015). Without access to financial incentives or subsidies, the upfront expense of implementing an RWH system can limit its adoption, restricting the benefits of this sustainable water management practice to only those who can afford it (Tobin et al, 2013). Regulatory and policy challenges also pose a significant obstacle to the implementation of RWH systems. One of the primary obstacles is the lack of supportive policies and government frameworks to promote the adoption of RWH (Warsi et al, 2022; Ogbiye et al, 2021). Furthermore, the inconsistent supply of municipal water in urban areas can also undermine the motivation for households to adopt RWH systems.
Climatic variability, characterized by irregular rainfall patterns, poses a significant challenge to the reliability of RWH systems. The impacts of climate change can result in insufficient rainfall in certain regions, rendering RWH less viable as a primary water source (King, 2017; John et al, 2020). This unpredictability can compromise the effectiveness of RWH systems, making it essential to consider alternative solutions or complementary strategies to ensure water security (Olaniyi, 2017). While rainwater harvesting holds promise as a solution to address water scarcity issues in urban Nigeria, its potential is hindered by several challenges. These include inadequate infrastructure, health concerns, economic barriers, regulatory limitations, and climatic variability (Batagarawa et al, 2019; Olaoye et al, 2013). To maximize the benefits of RWH systems in urban settings, it is crucial to address these challenges through improved policies, public awareness campaigns, and infrastructure development.
3.0 RESEARCH METHODOLOGY 
3.1. Research design and approach
This study investigates the effectiveness of rainwater harvesting systems in Nigeria, exploring their benefits, challenges, and adoption rates. Classified as applied research, it seeks to provide practical solutions to real-world problems. The study employs a quantitative research method, utilizing a survey research design through a structured questionnaire. The questionnaire method is chosen for its cost-effectiveness, wide reach, flexibility, and ability to provide quantifiable data. The approach was selected following Creswell and Creswell (2018) framework for investigating demographic information, awareness, and knowledge of rainwater harvesting systems, benefits, challenges, adoption rates and factors influencing adoption. This approach allows for systematic measurement of perceptions and relationships between variables. This approach has been successfully employed in similar environmental research (Maina et al, 2023). This cross-sectional survey design allows for the collection of standardized responses from a large sample of participants at real time..
3.2. Study area and population
The study targets residential buildings with rainwater harvesting systems in the three LGAs in Enugu City, Nigeria, assessing their effectiveness, benefits, and challenges in providing sustainable water supply for domestic use. This study investigated three local governments within Enugu City: Enugu North, Enugu East, and Enugu South. They were selected based on their distinct demographic characteristics and rainwater harvesting systems. This selection process is informed by principles outlined by Saunders et al. (2009), emphasizing cluster sampling's efficacy in representing broader geographic regions Enugu North, characterized by low-density residential areas primarily comprising individual homes (bungalows and duplexes), offers insights into decentralized (individual) rainwater harvesting systems. Enugu East, with its high population density and mixed housing types (individual and apartment buildings); presents a unique context for understanding rainwater harvesting systems in densely populated areas. Enugu South, marked by high-density apartment buildings, provides further perspectives on centralized (building-wide) rainwater harvesting systems. These LGAs identified during a two-week pilot survey, exhibit varying levels of rainwater harvesting system adoption, making them ideal clusters for investigating residential rainwater harvesting practices in Enugu City. By focusing on these strategic areas, this study ensures representative coverage of diverse residential settings, facilitating comprehensive understanding of rainwater harvesting systems' adoption and effectiveness.
Table 1: Characteristics of Selected Local Government Areas (LGAs) in Enugu City
	LGA
	Density 
	Housing Type
	Rainwater Harvest system 

	Enugu North 
	Low 
	Individual homes     (Bungalows, Duplexes)
	Decentralized (individual to building)

	Enugu South
	Medium          
	Apartments Building        
	Centralized (Building-wide)

	Enugu East  
	High 
	Mixed (Individual, Apartments)        
	Community-Scale Systems     


Source: Authors Fieldwork (2024)
3.3. Sampling technique and sample size
This study employs a multistage sampling technique to select participants. Initially, a pilot survey was conducted to identify residential buildings that utilize rainwater harvesting systems in Enugu City. Following the pilot survey result, cluster sampling was used to divide the population into clusters based on geographical location, with urban areas serving as clusters. From each cluster, a random sample of households with rainwater harvesting systems was selected using Stratified random sampling technique was chosen based on Neuman’s (Neuman 2011) recommendation for populations with distinct subgroups, ensuring representation across different sectors of experience levels within the Enugu metropolis. This ensures that the sample is representative of the population and includes a diverse range of perspectives and experiences.
By using a combination of sampling techniques, this study achieves a representative and diverse sample of participants, ensuring that the findings are reliable, valid, and generalizable to the broader population. The population size for this study comprises residential buildings in Enugu Metropolis utilizing rainwater harvesting systems. Initially, precise population size determination was hindered by the absence of comprehensive data. A visit to the Enugu Capital Territory Development Authority (ECTDA) yielded no specific information on the exact number of residential buildings. However, projected figures indicated varying densities across local governments, with Enugu East exhibiting the highest density, followed by Enugu South, and Enugu North recording the lowest density.
These findings were corroborated by data from the Enugu State Ministry of Lands and Urban Development (MLUD) and further validated through a pilot survey conducted across the local governments, confirming the relative densities. To address this limitation, the three Local Government Areas (LGAs) in Enugu Metropolis - Enugu East, Enugu North, and Enugu South - were selected. The sample size for each LGA was thus calculated using the Cochran formula for infinite population, ensuring a reliable and representative sample of residential buildings with rainwater harvesting systems. This formula is used to calculate the sample size required to achieve a certain level of precision and confidence.
n = (z2 * p * (1- p)) /e2 where z is critical value of desired confidence level = 1.96, p is estimated proportion of population = 0.5 and e is desired margin of error = 0.05(5%)
For Enugu North Local Government Area: 
e = desired margin of error (e.g., 0.05 for 5% error)
[image: C:\Users\deema\AppData\Local\Temp\ksohtml13200\wps1.jpg] 
Sampling size for Enugu North local government = ~348
For Enugu East Local Government Area:
e = margin of error (0.04 – due to it high population density)
[image: C:\Users\deema\AppData\Local\Temp\ksohtml13200\wps2.jpg] 
Sampling size for Enugu east local government = ~600
Enugu South Local Government Area: 
e = desired margin of error (e.g., 0.045 for 4.5% error - due to it high population density)
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Sampling size for Enugu South local government = ~474
 Total sampling size = 1422
Table 2: Summary of sample size for the three local governments in Enugu metropolis 
	S/No
	Local Government Area 
	Sampling size 

	1
	Enugu North Local Government 
	348

	2.
	Enugu East Local Government 
	600

	3.
	Enugu South Local Government 
	474

	Total
	
	1422


Source: Authors Fieldwork (2024)
3.4. Research instrument, validity and reliability
A structured questionnaire was developed as the primary data collection instrument. The questionnaire was designed based on an extensive literature review and the study’s specific objectives. It consisted of four main sections: (a) Demographic information of respondents, (b) respondents' awareness and adoption of RWH systems, including their motivations for adoption, (c) the benefits and challenges of RWH systems, (d) evaluation of respondents’ satisfaction with their RWH systems and their future plans for continual use (Feedback from subjects). The survey uses a mix of multiple-choice questions and open-ended questions to collect data. The instrument is designed to be concise and easy to understand, with clear instructions and minimal technical jargon. By using a standardized survey instrument, the study targeted a generalizable data on the effectiveness of RWH systems in Nigeria. A diverse group of participants is selected using a combination of purposive and snowball sampling techniques. To guarantee the accuracy and reliability of the measurement tool, a thorough validation process was undertaken. The survey and questionnaire were reviewed and assessed and tested by six postgraduate students for relevance, clarity, and suitability, establishing face validity. A pilot test with a small group of participants evaluated content validity, ensuring the instruments captured the desired concepts. Statistical analysis, including correlation and factor analysis, examined construct validity by analyzing variable relationships. Criterion validity was established by comparing results with existing research and theoretical frameworks. Finally, internal consistency reliability was measured using Cronbach's alpha coefficient to ensure consistent results. The research findings were visualized and analyzed using interactive dashboards and charts, leveraging tools such as Microsoft Excel and Google Data Studio
3.5. Data collection procedure and ethics
Data collection was carried out over a 12-week period. The researchers employed a dual-modal approach to maximize response rates:
· In-person distribution: Questionnaires were personally delivered to Respondents and collected upon completion.
· Online distribution: An online version of the questionnaire was created using Google Forms and distributed via email to respondents whose contact information was available. 
This dual-modal approach helped to ensure a high response rate and allowed for clarification of any questions respondents might have had. The study adhered to ethical guidelines including (a) informed consent was obtained from all participants or nominated representative before their involvement in the study. (b) Confidentiality and anonymity of respondents were maintained throughout the research process. (c) Participation was entirely voluntary, and respondents were informed of their right to withdraw from the study at any time. The data's completeness, accuracy, and consistency were verified before storage and analysis.
3.6. Data analysis
The data analysis approach combines descriptive and inferential statistics following Hair et al (2019) recommendations. The combination of descriptive and inferential statistics was chosen to provide a comprehensive analysis of the data. Descriptive statistics offer a clear overview of trends and patterns, while inferential statistics is particularly suitable for analyzing non-parametric data, allowing for robust exploration of relationships between variables. This dual approach enhances the depth and reliability of the study’s findings, providing both practical insights and statistically significant results that can inform policy and practice in the field. Data analysis will involve descriptive statistics to summarize respondent demographics and rainwater harvesting system adoption rates, and inferential statistics to identify factors influencing adoptions. 
4. RESULTS
Out of 1422 questionnaires administered to respondents around Enugu City to capture a comprehensive understanding of the effectiveness of RWHs, 1355 completed questionnaires were returned yielding a high response rate of 95%. Table 3 gives insights into the distribution and response rates of questionnaires in the survey. The high response rate suggests that the survey achieved significant engagement from the target audience, which enhances the reliability and validity of the data collected. This is generally an indication of effective communication with respondents, and possibly a high level of interest in the survey topic among the target population in the study area. 
Table 4 illustrates details of respondents Socio-demographic characteristics, providing valuable insights into the sample composition and its potential implications for the research findings. The gender distribution reveals a significant imbalance, with females constituting 61% (827) and males 39% (528) of the sample, reflecting a female dominance prevalent in the study area. This disparity may influence the perspectives and experiences reported in the study, potentially skewing results towards female centric viewpoints particularly if gender differences exist in attitudes or behaviors related to rainwater harvesting. Respondents are primarily young and middle-aged adults (18-50 years), with varying proportions. Older adults (60+ years) comprise a smaller percentage. The limited representation of older age groups (8% for 50–60 years and 7.5% for over 60 years) indicates minimal input from more senior, experienced residents. Regarding educational background, results notably revealed that majority of the respondents are literates since 89% of the respondents had more than secondary school education; a predominance of higher education qualifications, with the majority (49%, n=664) holding Bachelor degrees. This distribution reinforces the internal validity of the study. The study further revealed that about 60% (812) of the respondents in the survey were low and medium income earners. This distribution accentuates the dominance of the 90,000– 300,000 monthly Naira income brackets, indicating a diverse range of income levels among the surveyed population. In terms of building typology, the data revealed a predominance of 3-bedrooms block of flats buildings (42.9%). The survey results in the distribution housing characteristics pattern of respondents in Enugu City depicted in Table 5 shows that 42.66% (578) of the respondents are domiciled in Enugu East, 32.91% (446) in Enugu South while only 24.43% (331) are in Enugu North. This uneven distribution of residents in specific regions of the state may be as result of urbanization patterns with its accompanying municipal water provisions or economic factors such cost of housing rents and transportation. This geographical distribution of respondents and housing profile may impact on water usage patterns, influencing water consumption and storage. 


Table 3: Questionnaire distribution in local government area and Response Rate 
	
	Local Government Areas 
	Questionnaire distributed
	Questionnaire received 
	Percentage (%)

	
	Enugu North Local Government 
	348
	331
	95

	
	Enugu East Local Government 
	600
	578
	96.3

	
	Enugu South Local Government 
	474
	446
	94

	
	Total 
	1422
	1,355
	95.3

	
	
	
	
	

	
	Number of Questionnaire shared
	1422
	
	100

	
	Number of questionnaire returned
	1355
	
	95.3

	
	Number of questionnaire not returned
	67
	
	4.7


Sources: Researcher’s field survey, 2024
Table 4: Respondents’ Demographics and Socioeconomic Characteristics (n=1355)
	Characteristics
	Frequency
	Percentage (%)

	Gender
	
	

	Male
	528
	39

	Female
	827
	61

	Age Distribution
	
	

	18-29		
	522
	38.5

	30-40		
	393
	29

	40-50		
	230
	17

	50-60		
	108	
	8.0

	60 and above		
	102
	7.5

	Level of  Education
	
	

	Secondary School Graduate		
	162
	11.5

	National Diploma		
	81
	6.0

	Higher National Diploma	
	163
	12.5

	Bachelor of Science		
	664
	49

	Master of Science		
	190
	14

	PhD		
	95
	7.0

	Income Distribution
	
	

	90,000 - 150,000		
	298
	22

	151,000 - 200,000		
	284
	21

	201,000 - 300,000		
	230
	17

	301,000 - 400,000		
	190
	14

	401,000 - 500,000		
	217
	16

	501,000 - above		
	136
	10

	Building Type
	
	

	Apartment 		
	596
	44

	Bungalow	
	298	
	22

	Duplex		
	312
	23

	Block of Flat 		
	149
	11

	Building Size
	
	

	1- 2 Bedrooms	block of flats
	406	
	28.6

	3 Bedrooms block of flats		
	610
	42.9

	4 Bedrooms and above	
	406
	28.6


	




Table 5: Distribution Housing Characteristics Pattern of Respondents in Enugu City (n=1355)
	Location
	Building types 
	Frequency
	Percentage (%)

	Enugu North Local Government
	Apartments 
	23
	6.9

	
	Bungalows
	96
	29

	
	Duplexes
	192
	58

	
	Block of Flats 
	20
	6.1

	Total respondents
	
	331
	24.43

	Enugu East Local Government
	Apartments 
	278
	48

	
	Bungalows
	156
	27

	
	Duplexes
	64
	11 

	
	Block of Flats 
	81
	14

	Total respondents
	
	578
	42.66

	Enugu South Local Government
	Apartments 
	304
	68

	
	Bungalows
	36
	8

	
	Duplexes
	58
	13

	
	Block of Flats 
	49
	11

	Total respondents
	
	446
	32.91


	Sources: Researcher field work, 2024
The second section of the questionnaire explored respondents’ perspectives on the Rainwater Harvesting System (RWHS) involving design and configuration, roof catchment characteristics, storage tank capacity and material, conveyance and distribution systems, treatment and maintenance practices, and water usage patterns and purposes.
4.1 Rainwater Harvesting System (RWH) Information
The survey respondents in the studied area demonstrated varying degrees determining factors motivating the RWH system type, collection system, usage etc. Table 6 presents 3 key factors influencing the choice of RWH system as an alternative to municipal supplies. Water Scarcity was a notable factor; with 60% of respondents agreeing that it was a major motivator for their choice of RWH system. Cost savings was another major issue with 47% of respondents acknowledging it as also an important motivator of the RWH system. Environmental Concern such as flooding, erosion, storm water runoffs etc was identified as a factor by 18% of respondents. Furthermore, Fig 2 provides the motivating factors of respondents by the 3 LGAs in the area of study for installing RWH system. Results revealed that most respondents; 69.0% in Enugu-South and 66.7% in Enugu-North considered water scarcity as a strong motivator, respondents in Enugu-East (58%) viewed economic factors such as cost savings as a major influencing factor. However, a small proportion of the respondents (13% in Enugu-South, 7% in Enugu-East and 14.8% in Enugu-North) expressed environmental concerns as a major motivating factor for the choice of RWH system. Regarding type of RWH System, survey results from table 6 also revealed that while 49% of respondents utilized pressurized, 48.5% of installed the non-pressurized RWH systems. However, variations exist across LGAs. While Enugu East (76%) predominantly used non-pressurized systems, Enugu North (64%) and Enugu South (70%) utilized the pressurized RWH systems. A small proportion of respondents (34 or 2.5%) employed the advanced RWH systems. From table 6, the majority of respondents (62%) consistently incorporate roof catchment collection system while 36% utilize gutter and downspout system. However, 2 % of the respondents installed Cistern (water Tank buried underground) collection system, while the Rain Garden collection system was not utilized in the study area. Also, as seen in table 6, most respondents (45%, 610) prioritize 2,500 liters probably due to their relative high water storage capacity and cost. About 36.0% (488) make effective use of 3,000 liters due to their high water storage capacity and long usage period. Smaller percentage of the respondents uses 1,500 (9.5%), 5,000 (7.3%) and 10,000 (2.2) liters storage tanks. Respondents predominantly maintain RWH systems Monthly (53.6%, 684) and rarely (37.3%, 356). However, smaller proportions of respondents engage in a daily (4.7%) and weekly (9.7%) maintenance of their RWH systems.
		Table 6: Rainwater Harvesting Systems Information 
	
	Characteristics 
	Frequency
	Percentage (%)

	
	Motivations for  RWH System
	
	

	
	Water Scarcity
	807
	59.56

	
	Cost Savings
	631
	46.57

	
	Environmental Concerns 
	247
	18.23

	
	Type of RWH System
	
	

	
	Non-pressurized 
	657
	48.5

	
	Pressurized 
	664
	49

	
	Advanced system 
	34
	2.5

	
	Duration of RWH System Usage
	
	

	
	1-5 Months
	773
	57.0

	
	6 - 10 Months
	409
	30.2

	
	11 Months  and above
	173
	12.8

	
	Type of RWH Collection System
	
	

	
	Roof catchment
	843
	62

	
	Gutter and downspout
	485
	36

	
	Cistern (water Tank buried underground)
	27
	2.0

	
	Rain Garden
	0
	0

	
	Storage Capacity
	
	

	
	1,500 liters
	129
	9.5

	
	2,500 liters
	610
	45

	
	3,000 liters
	488
	36

	
	5,000 liters
	98
	7.3

	
	10,000 liters
	30
	2.2

	
	RWH System Maintenance 
	
	

	
	Daily
	64
	4.7

	
	Weekly
	132
	9.7

	
	Monthly
	684
	50.5

	
	Rarely
	475
	35.1


		Sources: Researcher field work, 2024
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Figure 2: Motivations for Installing RWH System
Sources: Researcher field work, 2024
4.2 RWH Usage and Consumption
The survey data in Fig. 3 revealed that majority of Respondents (71.1%) across Enugu LGAs sourced household water predominantly from RWH systems, with a significant proportion relying on 21-60% of RWH systems for their household water needs. However, complete dependence (81-100%) was rare (1.5%).  Regarding primary uses of Harvested Rainwater, fig. 4 results indicated that a greater proportion of respondents (95.5%) identified washing as the major primary consumer of RWH. Other major uses of rain harvested water include: Flushing of Toilets (86.7%), Cleaning (78.8%), and cooking (17.4%).  Minor proportions rarely drink rain harvested water (2.3%).
The survey data suggested that majority of respondents (62%) reported reduced municipal water consumption since installing RWH systems, with significant reductions costs reported across the area of study. Similarly, as seen from Fig. 5, most respondents expressed significant estimated monthly cost savings on water from the municipal supplies.  45.1% of the residents indicated savings between 10,000 and 30,000.00 Naira monthly. Additionally, a substantial number (17.2 %) reported saving above 50,000.00 monthly as a result of RWH system installation.
4.3 Efficiency and Challenges of RWH System
This section evaluates the efficiency of rainwater harvesting systems (RWHs) in urban Nigerian homes, highlighting the challenges and limitations encountered during their operations. The efficiency and satisfaction rates of Rainwater Harvesting (RWH) systems in the study were impressively commendable. From Fig.6, a significant majority of respondents (79.7%) indicated a strong sense of confidence in RWH systems effectiveness. 44% (596) of residents considered them ‘Very efficient’, while 35.7% (484) indicated ‘somewhat efficient’. However, a smaller percentage 16.6% (225) provided a neutral response, indicating ambivalence towards efficiency of RWH systems, while another 3.7 % (50) expressed feelings of ‘Somewhat inefficient’ option. 

		
	
	

	
	
	

	
	
	

	Figure 3: Percentage of Household Water from RWH System
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Figure 4: Primary Use of Harvested Rainwater

	
	

	
Figure 5: Estimated Monthly Cost Savings (Naira)

	
	

	
	
	

	
	
	



Figure 6: Efficiency of RWH System

Figure 7: Challenges of RWH System
In spite of the numerous benefits of RWH systems, obstacles and challenges persist. The high satisfaction rates and efficiency of RWH systems in Enugu State demonstrated their potentials as a reliable source of clean water, but ongoing efforts are needed to overcome the challenges facing these systems. Sample profiling from Fig. 7 revealed a dominance of storage limitations (32%), leakages (30.5%), clogging (30.2%), contamination risks (28.8%), Space constraints (24.9%) and Water-borne diseases (18.7%). To mitigate these shortcomings, effective maintenance and design improvements are crucial.
4.4 Purifications of Harvested Rain Water
The open-ended responses highlighted the benefits and challenges of RWH in Enugu City, Nigeria. Respondents expressed a favorable attitude towards RWH systems, acknowledging it as a clean, reliable, and cost-effective source of water, supplementing scarce supply. However, challenges persist, including limited availability of efficient RWH systems, water contamination, overflows, and limited durability of harvested water. To address these issues, respondents recommended implementing filter systems, creating pipes and gutters to collect RWH in underground tanks, and educating residents on proper RWH practices and maintenance. Overall, the responses underscore the potentials of RWH to enhance urban water resilience in Nigeria, while emphasizing the need for improved systems, education, and maintenance practices. The survey data regarding harvested rain water treatment revealed that a greater proportion of respondents (36.3%) in study area chemically purified their rain water before usage. However, a good number of respondents (25.6%) preferred filtration method of water treatment. While 22.5% of respondents boiled their harvested rain water, a smaller proportion (15.8%) administered no treatment on the harvested water before utilization. Enugu South reported the highest untreated water usage (29%). Fig. 8 revealed the individual survey results of the 3 LGAs in the area of study.
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Figure 8: Treatment/Filtering Methods for Harvested Rainwater
Sources: Researcher field work, 2024
5.  Discussion
The results of the current study offer valuable insights into the efficiency of rainwater harvesting systems in in Enugu City, Nigeria, highlighting the demographic influences, adoption trends, system efficiency, challenges, and potential improvements. This study presents an analysis of the findings derived from the study, linking them to the research objectives and existing literature. 
5.1 Demographic and Socioeconomic Characteristics
Strong demographic and socioeconomic characteristics of respondents across Enugu Local Government Areas (LGAs) were observed. Prior studies by Ekeng (2023) and Ohwo (2016) had reported varying demographic profiles among urban households, implying this study’s urgent relevance among rainwater harvesting adopters. Figures 2 and 8 evidenced widespread respondent familiarity with and usage of rainwater harvesting systems, though with varying proportions across LGAs. For instance, 65% of respondents in Enugu North and 93% in Enugu South were young and middle-aged adults (18-50 years), exceeding the national average of 60% among urban households (Ohwo, 2016).  However, older adults (60+ years) comprised a smaller proportion (7.5%) across LGAs, suggesting domain-specific demographic patterns potentially attributable to urbanization and population growth. Additionally, 49% of respondents held Bachelor's degrees, 14% held Master's degrees, and 7% held PhDs across LGAs, indicating a high level of educational attainment. While this suggests potential for increased awareness, Ekeng (2023) argued that educational attainment may not necessarily translate to awareness about rainwater harvesting benefits. Therefore, targeted educational programs for urban households could be beneficial.
5.2 Adoption and Implementation of Rainwater Harvesting Systems
The adoption and implementation of rainwater harvesting systems across Enugu LGAs revealed variations in system types. Enugu East predominantly used non-pressurized systems (76%), whereas Enugu North and South favored pressurized systems (64% and 70%). Respondents primarily adopted these systems due to water scarcity (806, 59%) and cost savings (683, 50%), underscoring the vital need for supportive rainwater harvesting policies, which 11% (148) of respondents favored environmental concern. Warsi et al (2022), Ogale (2024) and Nandi, S. & Gonela (2022) also advocated for similar institutional strategies globally, following analogous urban household dependence trends. This indicates that evidence-based rainwater harvesting interventions would suit the local adoption trends uncovered in this study. Furthermore, Olaniyi (2017), Batagarawa et al (2019 and Ogbiye et al (2021) in their studies echoed the adoption of RWH systems explaining that environmental degradation demands contribute to self-destructive perfectionism vulnerabilities. These findings reinforce the need for local support systems and revised management schedules to address economic and environmental sustainability concerns.
5.3 Efficiency, Benefits and Challenges of Rainwater Harvesting Systems
The study also examined the efficiency and challenges of rainwater harvesting systems. Results showed that 80% of users rated their system as efficient, with 44% considering it very efficient and 37% somewhat efficient. Despite positive efficiency ratings, respondents identified several challenges, including: Contamination risk, Storage limitations, Clogging, and Leakages. Treatment methods varied across LGAs, with respondents employing boiling, filtering and chemical treatments, highlighting the need for improved treatment and maintenance practices to ensure safer water consumption. Additionally, over 50% of respondents verified reduced municipal water consumption since installing rainwater harvesting systems with corresponding varied estimated monthly cost savings. The results are in consonance with the findings of Lade & Oloke (2015) and Agwaibor, S (2024) who remarked that rainwater harvesting’s high-cost appraisals can lead to dependency coping mechanisms. 
6. Conclusion and Recommendations
This research sheds light on rainwater harvesting practices, influences, and attitudes among urban households in Enugu State, Nigeria, using a survey methodology, to effectively proffer solutions to enhance urban water resilience. From the analysis, findings revealed a high adoption rate of rainwater harvesting systems, with 80% of respondents recognizing their benefits. Key motivations were identified as water scarcity, cost savings, and environmental concerns. Specifically, over 50% verified frequent use of harvested rainwater for non-potable purposes, underscoring the potential for rainwater harvesting to reduce municipal water consumption. However, widespread adoption contrasts with 40% reporting challenges with system maintenance, evidencing complex technical and socioeconomic dynamics. While 60% personally support the use of rainwater harvesting systems, ambivalence and concerns about water quality both manifest, likely an imprint of limited awareness and education on proper rainwater harvesting practices. Therefore, the following recommendations are proffered:
· There should be awareness creation and orientation on the benefits and best practices of rainwater harvesting among urban households, as this will enable residents to make informed decisions and effectively utilize rainwater harvesting systems.
· Establish community-based training programs where residents can learn about proper rainwater harvesting system design, installation, and maintenance, thereby ensuring that households can optimize the benefits of rainwater harvesting.
· Implement and enforce clear policies and guidelines regarding rainwater harvesting system installation and maintenance, as this will prevent misuse and ensure sustainability.
· Government agencies and NGOs should play a vital role in promoting rainwater harvesting practices through education and outreach programs, as this will facilitate widespread adoption and maximize the benefits of rainwater harvesting.
· To ensure that households can effectively utilize rainwater harvesting systems, urban planners and policymakers need to improve on necessities like adequate storage facilities and distribution networks.
While findings confirm global urban water management challenges, field-specific catalyzing factors also emerge around limited awareness and education on proper rainwater harvesting practices alongside influential socioeconomic ecosystems enabling adoption. Therefore, apart from universal urban water management policy reforms, bespoke rainwater harvesting interventions ought to be formulated addressing context-specific challenges the quantitative study uncovers through subjects enduring these contexts daily.
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