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Abatract

Access to water for productive livelihood activities is increasingly recognized as an important pathway through which
community-managed water systems contribute to household food security and rural development. Despite the widespread
adoption of community-managed water services across sub-Saharan Africa, limited empirical evidence exists on how livelihood
benefits derived from these systems influence households’ sustained access to water services. This study examined the influence
of household livelihood use of water on sustained access to community-managed piped water services in Nakuru County, Kenya.
The study adopted a mixed-methods cross-sectional design involving households served by three community-managed piped
water projects in Njoro and Gilgil sub-counties. A sample of 130 households was selected through multistage stratified sampling,
while 60 participants were purposively selected for focus group discussions. Quantitative data were collected using structured
household questionnaires and analyzed using descriptive statistics and logistic regression. Qualitative data were content
analyzed. The findings indicate that community-managed water services support diverse livelihood activities, particularly
livestock keeping, small-scale crop irrigation, and informal water vending during dry periods. Cross-tabulation analysis revealed
significant associations between sustained access and livestock keeping (p < 0.001) as well as crop irrigation (p < 0.001).
Households keeping livestock were significantly more likely to sustain access to community-managed water services than non-
livestock keepers (OR = 2.089, p = 0.009). Water vending showed a positive but marginally significant relationship with
sustained access (OR = 2.277, p = 0.060). The study concludes that productive dependence on water, especially through
livestock-based livelihoods, enhances households’ incentives to maintain long-term engagement with community-managed
water systems. The findings suggest that water policies should move beyond domestic service provision and recognize water as
a productive asset that supports livelihoods, food security, and resilience. Future research should employ longitudinal designs to
examine the causal pathways linking productive water use, governance processes, and sustainable water service outcomes.
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1. Introduction and Background

Water is not only fundamental for life and health but also
for livelihoods and food security worldwide. An enormous
number of households globally depend on water access for in-
come-generating activities — from irrigating kitchen gardens
and watering livestock to small-scale agro-processing. In rural
regions especially, community-managed water services
(CMWS) have become a vital mode of supply where formal
utilities are absent [2, 21]. Estimates suggest that hundreds of
millions of rural people — possibly on the order of one to two
billion — experience inadequate water supply and must rely on
local community sources [51]. Many of these community wa-
ter sources are used not just for drinking and hygiene but also
“productive uses” that support livelihoods [54]. For instance,
smallholder farmers and family producers, who collectively
grow the majority of the world’s food, often use community-
managed wells or irrigation schemes to water their crops and
animals [14].

Reliable water from such services enables kitchen garden-
ing, dairy farming, and other activities that bolster household
incomes and nutrition. Conversely, lacking access to water
can undermine these livelihood efforts — scarce or polluted
supplies mean families cannot grow a garden, raise healthy
livestock, or safely prepare food [22, 23]. In this way, water
security and food security are intimately linked at the house-
hold level.

Community-based water systems serve a significant share
of the two billion people living in rural areas of low- and mid-
dle-income countries [31]. In these communities, water points
operated by local user committees or cooperatives often pro-
vide the only source of irrigation and livestock water. Studies
indicate that millions of households use domestic water
sources for small-scale farming and enterprises. For example,
irrigation-based agriculture (much of it on small farms) now
contributes about 40% of global crop production, highlighting
how water access underpins food supply [26].

Multiple-use water service programs — which explicitly de-
sign community water systems for both domestic and produc-
tive purposes — have been implemented across Asia, Africa,
and Latin America to enhance food and water security for ru-
ral households [56]. These initiatives recognize that when
communities can access sufficient water, they can improve
their livelihoods and resilience to hunger. Indeed, smallholder
irrigation and other water-enabled livelihood activities are
credited with making millions of households more food secure
worldwide [14, 35, 36]. For instance, family farmers with se-
cure water access are far less likely to experience seasonal
food shortages, having additional harvests from irrigated plots
and improved diets from home gardens [14].

From a sustainable livelihoods perspective, water is a pro-
ductive asset that must be combined with other forms of cap-
ital — financial, physical, human, social, and natural — to gen-
erate benefits [54]. For example, households with physical as-
sets like pumps, pipes, or storage tanks can more effectively
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utilize communal water for irrigation [45]. Financial assets are
equally important — families with sufficient income or savings
can pay water user fees, invest in rainwater harvesting struc-
tures, or contribute to operation and maintenance costs, thus
securing more reliable service [62]. Human capital
(knowledge, education, skills) also plays a role: more edu-
cated or trained households are better positioned to adopt im-
proved irrigation techniques or participate effectively in water
management, leading to more consistent water availability
[26]. Additionally, social and institutional assets — such as be-
ing active in water user associations or having social networks
for cooperation — enable households to influence water gov-
ernance and ensure fair, sustained access [34].

Community water systems (from village irrigation tanks in
South Asia to communal wells in Africa) are helping house-
holds grow additional crops, diversify diets, and buffer against
droughts. Smallholder farmers produce a large share of the
world’s food calories and an even larger share of nutrient-rich
foods, and water access is often the limiting factor for their
production [14]. FAO has noted that future gains in food out-
put must largely come from irrigated agriculture, especially in
the face of climate change [14] In this context, Research in
Asia and Africa shows that households with access to reliable
irrigation consume more calories and are less frequently hun-
gry than those depending solely on rainfed agriculture [27]. In
Ethiopia, one study found that participation in a small-scale
irrigation scheme increased household daily calorie intake by
around 600 kcal compared to non-irrigators — a significant
boost in nutrition and food security outcomes [26]. On a
broader scale, irrigation (much of it managed at community or
farmer level) supports about 60% of additional food produc-
tion needed to meet global demand [14].

1.1. Sub-Saharan Africa: Water, Livelihoods,
and Sustainability Challenges

Sub-Saharan Africa (SSA) has the lowest water service
coverage and some of the highest rates of reliance on rain-fed
agriculture globally [24, 64]. About 95% of agriculture in SSA
is rain-fed, meaning rural households are highly vulnerable to
rainfall variability and drought [64]. In this context, access to
water for livelihoods — whether through small-scale irrigation,
livestock watering, or other uses — is a lifeline for millions of
African families. Reliance on community-managed water ser-
vices: Community-managed sources are the backbone of rural
water supply in SSA. Over the past two decades, virtually
every country in the region adopted community-based man-
agement as the default model for rural water schemes [21].
Tens of millions of households thus depend on boreholes,
hand-pumps, wells, and small piped systems maintained by
local committees or user groups. Many of these households
use water not only for domestic consumption but also for
farming and income generation [26]. From Ghana to Ethiopia,
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households engage in productive uses of water, such as back-
yard gardening, brick-making, and livestock rearing [56].

Household assets influencing sustainability: Financial ca-
pacity is paramount. Poorer households often struggle to pay
for repairs or water fees, while households with stable income
can sustain service [15, 24]. Natural assets such as land and
livestock also matter; those with more land or animals have
greater incentive to maintain access. Human capital (educa-
tion, training, labor availability) significantly influences
whether households can engage in small-scale irrigation or
improved water practices [26]. Social and gender dynamics
play a role too: women often shoulder water collection and
farming responsibilities but may lack voice in water govern-
ance. Where women’s participation is strengthened, house-
hold-level livelihood benefits from water tend to be higher
[57].

Contribution to food security: Despite only 5% of cultivated
land in SSA being irrigated, community-based irrigation
schemes significantly improve food security locally and crop
diversification [33, 64]. In Zimbabwe, smallholder irrigation
improved dietary diversity and household meal frequencies
[41]. In Ethiopia, irrigation users consumed substantially
more calories than non-users, demonstrating direct links be-
tween water access and nutrition [26].

Kenya illustrates both the promise and challenges of com-
munity-managed water for livelihoods [38]. Nationally, about
68% of Kenyans had access to at least basic drinking water as
of 2022, but rural coverage was only 56% compared to 91% in
urban areas [63]. Roughly 41% of Kenyans live outside the
service coverage of formal utilities, relying instead on small
community systems or self-supply [60]. Reliance on water for
livelihoods: Agriculture employs about 60—70% of rural Ken-
yans, most of whom are smallholders (Kenya National Bureau
of Statistics [28]. Kenya has around 3,000 smallholder irriga-
tion schemes, many community-managed, covering about
47,000 hectares. These schemes represent 42% of irrigated land
and produce much of the horticultural food consumed in cities
[32]. Households also use domestic community water projects
for kitchen gardens, livestock watering, and small businesses
[52]. In Ukambani, for example, 37.5% of households in a
community project engaged in productive water use such as
gardening and cattle rearing [49, 52].

In Kenya, households with private water connections, stor-
age facilities, or financial capacity are more likely to use water
productively [45]. In Machakos and Makueni, 92% of house-
holds with private water sources irrigated vegetables com-
pared to 51% relying on communal points [45]. Inadequate
income constrained some families from irrigating even when
water was available [45, 56]. Gender dynamics matter —
women often direct water to kitchen gardens that improve nu-
trition, while men may focus on cash crops [57]. Education
and extension services also influence adoption of innovations
like drip irrigation [39].

In Kenya, community water projects improve incomes and

198

diets for millions of households. In Ukambani, project house-
holds earned on average KES 13,600 per month, compared to
KES 6,500 for non-project households, mainly from irrigated
crops [23, 45]. Such extra income and food production im-
prove household food security. At scale, Kenya’s 3,000
schemes likely support 150,000-300,000 households directly
with irrigated farming [32]. Many more benefit from supple-
mentary gardens. In Nakuru County specifically, officials
highlight that community water projects support livelihoods
and nutrition, especially in semi-arid wards [11, 38].

1.2. Statement of the Research Problem

Despite their importance, CMWS worldwide face sustaina-
bility challenges. It is estimated that a substantial fraction of
community water points become non-functional only a few
years after installation. Approximately one-third of rural wa-
ter supply systems in developing regions are non-operational
at any given time [16, 19]. A World Bank review similarly
found that around 30—40% of hand-pumps in sub-Saharan Af-
rica were broken at any moment [62] Globally, thousands of
community-managed schemes have fallen into disrepair due
to deficits in financing, spare parts, or management capacity.
These failures directly translate into lost livelihood opportuni-
ties for households. Reports note that across Africa, water
scarcity and service failures have “caused many to lose their
source of income, diminishing their quality of life” [20]. With-
out external support, many volunteer-run schemes struggle to
perform all the functions of a professional utility, leading to
high failure rates [61]. Roughly one-third of rural water sys-
tems in SSA are non-functional at any given time [22]. This
implies millions of households have experienced livelihood
setbacks due to breakdowns. Studies document pastoralists
losing livestock when boreholes fail, or farmers abandoning
irrigated plots when pumps break [50]. Thousands of schemes
collapse due to insufficient fee collection, lack of technical
skills, or governance challenges [61, 62]. In practical terms,
about 50,000 rural water points in SSA were reported non-
functional in 2015, reflecting both household-level and sys-
temic sustainability challenges [16].

Failures of CMS in Kenya amongst the top water sustaina-
bility challenges. During the 2021-2022 droughts, malfunc-
tioning community water points contributed to the death of 1.5
million livestock nationally [55]. In Baringo, irrigated farms
faced challenges due to drought that caused rives to dry up,
therefore disrupting the farming activities and threatening
livelihoods [29]. A WASREB audit showed that in 31 coun-
ties, rural providers (mostly community-run) failed to recover
even operational costs, leading to breakdowns [60]. About 15%
of rural water points fail within the first year, and 25% are
non-functional by year four [22]. Governance problems, weak
fee collection, and lack of technical skills are recurring issues
[61, 62]. The purpose of the study was to evaluate the influ-
ence of household experiences with livelihood benefits on sus-
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tained access to water from a community-managed water ser-
vice in Nakuru County, Kenya.

2. Literature Review

2.1. Influence of Access to Water for Livelihood
on Sustained Access from Community-
Managed Water Supply

Water scarcity has an impact not only on households' do-
mestic use, but also on their livelihoods (Jonah, 2015b). How-
ever, CMWS have grown beyond the mere provision of do-
mestic water into a small-scale rural economic activity enabler,
especially for the rural and peri-urban areas of sub-Saharan
Africa. In addition to drinking, cooking, and sanitation, house-
holds with access to safe water infrastructure also typically
use the resource for income activities like selling water to their
neighbours, watering their animals and watering their crops.
The end user delivers real economic and nutritional gains and
enhances household resilience, food security and pathways to
escape poverty [22, 23, 43]. The identification and the analysis
of these welfare processes are a critical input.

In Kenya, community-managed water systems have be-
come an important part of rural water supply strategies espe-
cially after the 2010 Constitution introduced devolved govern-
ance. The move towards community ownership and manage-
ment of water points, particularly boreholes, protected springs
and gravity-fed piped systems aimed to improve access and

2.2. Conceptual Framework

Independent variable

Household access to water for
livelihood

e watering vegetable gardens

Moderating variable

encourage community involvement and local economic
growth [24, 36, 38]. However, the actual benefits from these
services are not well documented and are poorly incorporated
into water policy assessments. Water is essential to people's
livelihoods. [9] define livelihoods as "people, their abilities,
and their means of subsistence, including food, income, and
assets. A sustainable livelihood is one that can withstand and
recover from stress and shocks while also providing for future
generations [40]. Munyao further posits that, the fundamental
means and ends of sustainable livelihoods are capability, eq-
uity, and sustainable access to service. Recent studies high-
light the need for detailed information on how households use
these water services for productive activities like selling water,
watering livestock and irrigating small vegetable plots [46,
48]. Though water is required for a variety of activities essen-
tial to people's livelihoods, including both domestic (drinking,
washing, cooking, and sanitation) and productive needs (veg-
etable gardening, livestock, brewing beer, brick making,), the
output of the livelihoods can be influenced directly or indi-
rectly. For example, the cost of water as an input can raise the
operating costs of the livelihoods enterprise due to water scar-
city [19, 24]. However, what is less well known is the signifi-
cance of water in people's livelihoods and jobs [40]. Water
scarcity or availability influences the choice of livelihoods
among rural communities [26, 42, 56] maintains that water
scarcity or availability affects the quantity of production, de-
termines the types of crops grown as well as the farming sys-
tems practiced. More so recent studies have referred to the
complex interdependence of water resources and food produc-
tion as an evolving global food crisis [25].

Dependent variable

Sustainable access to service

e  Watering animals

e Sales of water

from Community-managed
water supply

L)

Governance practices of community-
managed water supply

Trust in Participatory Decision making
Confidence in Water Governance,

Figure 1. Conceptual framework.

The conceptual framework presents the interactions be-
tween the independent variables, the intervening variables,
and the dependent variables. It diagrammatically relays the in-
formation on the investigated associations between the house-
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holds’ and governance factors and the sustained access to wa-
ter services from a community-managed supply in Nakuru
County, Kenya. It illustrates the relationships between house-
hold-level factors and the sustainability of community-man-
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aged water supply (CMWS). It is informed by five key do-
mains of household-level variables: The livelihood benefits
derived from water use: watering livestock, vegetable produc-
tion, and selling water for profit. Lastly, governance was con-
ceptualized as a moderating variable with 2 distinct indicators:
trust in participatory decision-making and confidence in water
governance. Crucially, to strengthen analytical rigor, the
framework incorporates household perceptions of governance
as a moderating variable, with a specific focus on trust in par-
ticipatory decision-making processes and confidence in water
governance systems. Trust in participatory decision-making
was defined as a household’s perception that governance of
community water systems is fair, transparent and inclusive.
Confidence in water governance was conceptualized as resi-
dents’ belief in the reliability, affordability, and integrity of
the water service and the organizations that manage it; mod-
erating variables were posited to influence the strength and di-
rection of the relationships between the independent house-
hold-level variables and the sustainability of CMWS. In other
words, even where household factors may be favorable or un-
favorable, their effect on sustained access to service was sig-
nificantly shaped by the community's level of trust in govern-
ance mechanisms and the degree to which households believe
in the legitimacy and functionality of participatory structures.
The conceptual framework therefore highlights the complex
interplay between household-level determinants and broader
governance contexts in shaping the sustainability outcomes of
community-managed water supply.

3. Materials and Methods

3.1. Study Design and Sites

The study used a cross-sectional survey design with a
mixed method approach in Nakuru County. The design was
the most appropriate for the study as opposed to longitudinal
design, since it made explanation of the current conditions in
water services possible and it allowed the measurement of
multiple variables at one point. The method combined both
the quantitative questionnaires and qualitative focus group
discussion. These methods were suitable since they facilitated
capturing the statistical patterns, contextual and experiential
insights [12, 13, 36]. The approach agree with the pragmatic
paradigm that support integration of qualitative and quantita-
tive methods according to the nature of the research problem
and the evidence required to address it [37].

The study focused on Njoro and Murindat Wards, rural and
peri-urban areas in Njoro and Gilgil Sub-Counties, respec-
tively. This was based on the premise that water governance
in Nakuru County is significantly influenced by the population
growth rate as well as institutional flaws, considering that an-
nual rainfall ranges at 669mm annually [44]. As a result, many
households depend on rainwater collecting systems, boreholes,
protected springs, and small-scale piped networks, mostly
managed by local user associations and community-managed
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organizations. The two types of communities differ signifi-
cantly in terms of household income, access to infrastructure
and population density. The selection of both peri-urban and
rural areas in Nakuru County was intentional to capture vari-
ous socio-economic factors that influence households' sus-
tained access to community-managed water services. Rural ar-
eas are predominantly agrarian, with low physical infrastruc-
ture. At the same time, peri-urban districts function as transi-
tional zones between urban and rural environments, with more
diverse livelihoods, higher population density and rising ser-
vice expectations [3, 53]. The study was conducted in specific
wards (Njoro and Murindat), which enhanced the inclusion of
both the peri-urban and rural context that reflects Kenya's
broader socio-economic factors as well as cultural diversities
within Nakuru County. By incorporating multiple contexts
(per-urban and rural) that are densely and sparsely populated,
the researcher aimed at ensuring variability in source of in-
come, education level, service accessibility water access and
user practices.

3.2. Research Participant Selection and
Enrolment

A sample size of 135 households were selected using mul-
tistage sampling as guided by the Krejce and Morgan sam-
pling table [30], which is most appropriate when the popula-
tion size is known. Consequently, two stage stratified sam-
pling strategy was employed to enhance representatives across
both services access and geographical dimensions. In the first
stage, the three water projects’ areas (Erithia, Karunga and
Ngewacho) served as primary strata that allowed the research
to capture most potential context differences in the commu-
nity-managed water services implementation. In the second
stage, the households within each project area were further
stratified according to their piped-water connections status.
The study population was stratified into three distinct yet mu-
tually exclusive groups based on their community-managed
water system connection history. The researcher created sep-
arate list for each connection status stratum. The first stratum
comprised of households that had never been disconnected
from the main pipe since the initial connection. The second
stratum included the household who experienced disconnec-
tion at least ones but they were later reconnected and contin-
ued with access to water services. The third stratum comprised
of household that were disconnected and never connected,
which means thy no longer receive water services from a com-
munity-managed water supply. The approach ensured that all
households including the disconnected or never reconnected
households were included in the study. The researcher ensured
that each household fell into only one category since the strata
were fully distinct and not overlapping. The approach ensured
geographical context and service continuity were categori-
cally represented in the sample while ensuring mutually ex-
clusivity of the strata and non-overlapping. The researcher
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employed the random selection of respondents from each stra-
tum in order to reduce choice and coverage biases, and there-
after, random number tables to select participants from the wa-
ter projects list of water users, therefore giving every partici-
pant an equal chance in the study [8, 9].

3.3. Data Collection Method

Structured household questionnaires were used to collect
quantitative data, while the qualitative data were obtained
through focus group discussions (FGDs). The discussions
were conducted in the Kikuyu language and later translated
into English for analysis. A pilot test was conducted in the
Subukia constituency to enhance the reliability and validity of
the instrument.

3.4. Operational Definition of Sustained Access
to Service from a Community-Managed
Water Supply

Sustained access refers to the continued reliable affordable

and acceptable provision of water to households over time
through a water system operated and maintained and governed
by local communities [31].

The dependent variable of the study is sustainable water ac-
cess to service from community-managed supply which is a
binary variable Y (0 or 1). It is anchored on two separate con-
cepts: piped-to-household water services sustainable access to
service and the unsustainable access to service of piped-to
household community-managed water services.

To create the binary variable, sustainable access to water ser-
vice from community-managed supply, Principal Component
Analysis (PCA) on 3 questions “If your household has piped wa-
ter, is the water running NOW?”; “If your household has piped
water, has the water been running for the last 7 days”; and “If
your household has piped water, has the water been running for
the last 1 month” to create a single indicator Y (coded as 0 or 1),
was applied. First, before performing PCA, a reliability test of the
3 questions was conducted, and the 3 questions were found relia-
ble based on Cronbach’s alpha (a0 = 0.905) as shown below.

Table 1. Reliability Statistics of Water Service Sustainable access to service.

Reliability Statistics of Water Service Sustainable access to service

Cronbach's Alpha

0.905

N of Items

The researcher then proceeded to create a composite variable using PCA and selected the first PCA which explains 84% of

total variations in the original data (See Table below).

Table 2. Total Variance Explained.

Initial Eigenvalues

Component
Total % of Variance Cumulative %
1 2.523 84.087 84.087
2 461 15.373 99.460
3 .016 .540 100.000

Extraction Method: Principal Component Analysis.

By extracting the first principal component, values above 0
were indicators of sustainable access to service water services
(Y = 1) while values below 0 were indicators of unstained use
water services (Y = 0). It was found that 80 (61.5%) of users
were found to have sustained the service while 50 (38.5%) of
users found to have been unable to sustain the service. It was
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Extraction Sums of Squared Loadings

Total % of Variance Cumulative %

2.523 84.087 84.087

found out that there a significant (p<.00I) association be-
tween water services sustainable access to service and water
project as shown in the table below. With regard to house-
holds' experiences and expectations of CMWS, peri-urban
populations had higher expectations for piped systems, relia-
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bility and customer assistance, most likely due to the proxim-
ity of water services to urban areas and more exposure to for-
mal services. These findings corroborate prior research indi-
cating that peri-urban areas have a mix of informal jobs and
expectations for formal services. The varied sustainability
drivers support the requirement of context-specific solutions
in water service planning and delivery. On the other hand, ru-
ral households valued the convenience of water services, cost
and local governance arrangements.

3.5 Data Analysis

The quantitative data were analyzed using descriptive,
cross-tabulation, and chi-square test at a 95% confidence level.
Binary logistic regression was used to assess the factors influ-
encing a household's sustainable access to services from a
community-managed water supply. Trust in participatory deci-
sion making and water users' confidence in water governance
(moderating variables) was measured through interaction
terms in multivariate logistic models. The Root Mean Square
Error (RMSE) was employed to evaluate model fitness.

3.6. Ethics Statement

Data was collected in strict compliance with the principles

of the National Commission of Science and Technology (NA-
COSTI) and the St Paul's University Ethical Review Board
(SPU-ERB). Consequently, the process of enhancing the con-
fidentiality of the data provided by the respondents, either
through the questionnaire or interview recording, was strictly
observed. Participation was voluntary, and written informed
consent was obtained from all the research participants; they
received no compensation for participation.

4. Results and Discussion

4.1. Descriptive Analysis of Influence of Access
to Water Service for Livelihood on
Sustained Access to Community-Managed

Supply

The second objective was to assess Influence of household
access to water for livelihood on sustainable access to Com-
munity-managed water supply. The livelihood practices con-
sidered in this study includes household keeping livestock,
household watering animals during the dry season, household
watering vegetables and household selling water for income.
Table 3 below summarizes the descriptive results.

Table 3. Descriptive statistics: Household Access to water for livelihood.

Variable Description

Household keeps Goats, Cows, sheep or Pigs

During the Dry season, household waters these animals

Household waters Vegetable or Crops

Type of Vegetable or Crops watered

During dry season household sell piped water for income

Source: Field Data (2025)

Response Frequency Percent
Yes 86 66.2%
No 44 33.8%
Yes 79 91.9%
No 7 8.1%
Yes 80 62.5%
No 48 37.5%
Vegetables & Potatoes 20 25.3%
Vegetables 13 16.5%
Onions, Vegetables & Tomatoes 12 15.2%
Vegetables & Onion 12 15.2%
Sukumawiki 7 8.9%
Onions 4 5.1%
Kales 4 5.1%
Others 7 8.9%
Yes 83 63.8%
No 47 36.2%
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The findings indicate that a significant proportion of house-
holds engage in small-scale livestock keeping as part of their
livelihood strategies. Specifically, 66.2% of households re-
ported keeping animals such as goats, cows, sheep, or pigs,
while 33.8% did not engage in any form of livestock rearing.
Among those keeping livestock, an overwhelming 91.9% in-
dicated that they water their animals during the dry season,
highlighting the critical role that consistent water access plays
in maintaining livestock health and productivity during peri-
ods of water scarcity. The results of this study are consistent
with study findings of [35] who reports that livestock requires
substantial water inputs therefore making water access as an
essential resources helps in maintain heard health. On the
same [59], revealed that livestock watering is key driver of
household water demand especially during the dry season.
Furthermore, the authors [6] revealed that smallholder farmers
integrate livestock into livelihood systems and that water
availability is linked to livestock productivity and survival.

In addition to livestock rearing, a substantial number of
households (62.5%) reported using water for irrigating vege-
tables or crops, demonstrating the importance of community-
managed water supply in supporting subsistence and small-
scale commercial farming. Conversely, 37.5% of households
did not engage in crop irrigation. A closer examination of the
types of crops watered reveals a diversity of produce, with the
most common being a combination of vegetables and potatoes
(25.3%), followed by vegetables alone (16.5%), and mixed
combinations such as onions, vegetables, and tomatoes
(15.2%) or vegetables and onions (15.2%). Less common
were single crops like kales (8.9%), onions (5.1%), and kales
(5.1%). A further 8.9% of households irrigated other unspeci-
fied crops, indicating some degree of agricultural diversifica-
tion. The findings are consistent with the earlier research of
[33, 47, 39] showing that when households have dependable
water supply they are able to engage in crop irrigation as well
as diversifying their agricultural production. The studies sug-
gest that community-managed water systems are fundamental
in sustaining agricultural livelihoods, which therefore enhance
household resilience and food security.

Moreover, water supply also serves as a source of income

for some households. About 63.8% of respondents reported
selling piped water during the dry season, suggesting that ac-
cess to water infrastructure not only supports household needs
but also presents a livelihood opportunity through informal
water vending. However, 36.2% of households do not engage
in this practice, potentially due to limited infrastructure or wa-
ter availability. these results are consistent with previous study
findings of [7, 10] who documented informal water selling as
a widespread livelihood practice specifically when the water
infrastructure allows commercial use which enhances house-
hold economic resilience among rural household. Evidence
from FGDs suggests that households maximise use of water
as contributing source of income by either growing vegetables
for sale and at some point the water is helpful since its availa-
bility and affordability determines the household capacity to
rear animals and later sell them at profit.

One of the participants observed that;

“One is able to plant onions, kales and when it is supplied,

you are able to water them and have something to eat. You

can also sell the kales” (FGD?2)

Another one noted that:

“I can say that water is good. It really helps us in farming,

giving water to cows and to plant kales and onions things

like that. The challenges come in when they disconnect the
water. You see you even lack drinking water and also the
money making is reduced” (FGD2)

Another one noted:

“I sell water to neighbors who haven’t connected. If mine

is disconnected, 10 households are affected.” (FGD4)

The findings are consistent with the findings [5, 61] whose
study confirmed that among the various livelihood, agriculture
remains the backbone for the rural houseolds.

In overall, the data illustrates that the sustainable access to
service from a community-managed water supply in Nakuru
County is closely tied to its utility in supporting key livelihood
activities, particularly livestock rearing, crop irrigation, and
informal water trade, especially during dry periods. These
findings underline the significance of reliable water access in
promoting economic resilience and sustaining community wa-
ter schemes.

Table 4. Cross-tabulation - Access to water for Livelihoods Vs sustained service from community-managed water supply.

Variable

Household keeps Goats, Cows, sheep or Pigs

Yes 41 (47.7%)
No 39 (88.6%)
During the Dry season, household waters these animals

Yes 37 (46.8%)
No 4 (57.1%)
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Sustainable access to Service

Unsustainable access to Service P-Value
<.001
45 (52.3%)
5(11.4%)
0.447

42 (53.2%)
3 (42.9%)
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Variable

Household waters Vegetable or Crops
Yes

No

Type of Vegetable or Crops watered
Vegetables and potatoes 13 (65%)
Vegetables 8 (61.5%)
Vegetables, onion

Onions, vegetables, tomatoes

Kales 3 (42.9%)
Kales

Onions 3 (75%)
Others 4 (57.1%)
During dry season household sell piped water for income

Yes 49 (59%)
No 31 (66%)

Source: Field Data (2025)

The cross-tabulation analysis explores the association be-
tween sustainable access to service for livelihoods and com-
munity-managed water supply in the two stud locations. The
findings reveal statistically significant relationships between
certain livelihood practices and household’s experiences.

A highly significant relationship (p <0.001) was found be-
tween livestock keeping and sustainable access to service.
Among households with sustainable water services, 47.7% re-
ported keeping livestock such as goats, cows, sheep, or pigs,
while a higher proportion (52.3%) of those with unsustainable
access reported keeping livestock. In contrast, households that
did not keep livestock were far more likely to report sustaina-
ble access (88.6%) compared to only 11.4% reporting unsus-
tainable access. This pattern suggests that livestock keeping is
associated with a greater likelihood of experiencing unsustain-
able water service. The additional demand placed on water
systems by livestock may increase pressure on already con-
strained supply systems, thereby contributing to service unre-
liability. These findings align with previous study finding of
[6, 46] who show that livestock keeping is more common
among households with reliable and sustainable water ser-
vices access. the cross-tabulation highlights the pressure effect
while the regression analysis captures behavioral and govern-
ance mediated effects. together the findings emphasize that
keeping livestock one must consider a conditional relationship
with community managed-water services sustainability de-
pendent on institutional and management context rather than
water use alone. This is so because livestock keeping pres-
sures poorly managed systems but under effective governance
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Sustainable access to Service

58 (72.5%)
20 (41.7%)

11 (91.7%)

Unsustainable access to Service  P-Value

22 (27.5%) <.001

28 (58.3%)

0.055
7 (35%)
5 (38.5%)

1 (8.3%)
4(57.1%)

1 (25%)
3 (42.9%)
0.278
34 (41%)
16 (34%)

and cost recovery structures can instead incentivize house-
holds engagement that enhances service access sustainability.
They as well show that livestock keeping is more common
among households with reliable and sustainable water ser-
vices access. the cross-tabulation highlights the pressure effect
while the regression analysis captures behavioral and govern-
ance mediated effects. together the findings emphasize that
keeping livestock one must consider a conditional relationship
with community managed-water services sustainability de-
pendent on institutional and management context rather than
water use alone this so because livestock keeping pressures
poorly managed systems but under effective governance and
cost recovery structures it can instead incentivize households
engagement that enhances service access sustainability.
Regarding the watering of animals during the dry season,
the relationship with service sustainability was not statistically
significant (p = 0.447). Among households that reported wa-
tering animals, 46.8% experienced sustainable access while
53.2% experienced unsustainable access. Among those who
did not water animals during the dry season, 57.1% reported
sustainable access compared to 42.9% reporting unsustainable
access. These differences are relatively small and statistically
insignificant, indicating that watering livestock during dry pe-
riods does not meaningfully distinguish between households
with sustainable and unsustainable water access. This suggests
that while livestock ownership may influence water demand,
watering animals during dry seasons is a common necessity
across households regardless of service reliability. These find-
ings align with the study findings of [ 18] who documented that,
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owning livestock may influence water service sustainability,
but the act of watering the livestock is not a distinguished ra-
tionale between households with different levels of services
reliability.

A more compelling association was observed with crop or
vegetable irrigation The types of vegetables or crops watered
varied across households, although the association with service
sustainability was not statistically significant (p = 0.055).
Households with sustainable access showed higher proportions
in diversified cropping patterns, such as onions, vegetables, and
tomatoes (91.7%), vegetables and potatoes (65%), and onions
only (75%). In contrast, households with unsustainable access
were more represented in less consistent or limited patterns such
as kales (57.1% unsustainable) and mixed “other” categories
(42.9% unsustainable). While these differences suggest that re-
liable water access may support crop diversification, the lack of
statistical significance indicates that these patterns should be in-
terpreted with caution. It suggests that sustainable water sys-
tems enable households to extend water use beyond basic do-
mestic needs to productive activities. since unsustainable sys-
tem deny households development opportunities, previous
study findings of [58] aligns with findings of the current study,
since they consistently affirm that, sustainable water access en-
ables productive use including irrigation.

The type of vegetables or crops watered showed some dif-
ferences, although this association was not statistically signif-
icant (p = 0.055). Households with sustainable access to ser-
vices displayed more diversity, with relatively higher percent-
ages engaging in mixed cultivation like vegetables and pota-
toes (22.41%), vegetables and onions (20.69%), and onions,
vegetables, and tomatoes (18.97%). In contrast, households
with unsustainable access to service leaned more toward sin-
gle-crop watering like kales (19.05%) or vegetables alone
(23.81%), perhaps due to limited or inconsistent water access

4.2. Binary Logistic Regression Model Results

that discourages crop diversification although the p-value
(0.055) narrowly misses the threshold for statistical signifi-
cance. The findings align with the previous study findings of
[18] who revealed that reliable water facilitates diversification
while unreliable access discourages it.

Lastly, selling piped water for income during the dry season
showed no statistically significant association with sustaina-
ble access to services (p = 0.278). Among households that re-
ported selling water, 59% experienced sustainable access
while 41% experienced unsustainable access. Similarly,
among those who did not sell water, 66% reported sustainable
access compared to 34% reporting unsustainable access.
These relatively similar proportions indicate that water vend-
ing is practiced across both groups regardless of service relia-
bility. This suggests that selling water is primarily a livelihood
strategy driven by opportunity and demand rather than the sta-
bility of the water system itself. The finding is consistent with
previous study’s findings of [17] who emphasized that house-
holds always exploit water access to supplement their income,
therefore demonstrating livelihood strategies that influence
opportunity rather than system reliability. This suggests that,
selling water is a common livelihood strategy regardless of the
reliability of the water system, possibly influenced by demand
during scarcity and informal market dynamics.

In general, the analysis demonstrates that crop irrigation
and livestock keeping are central to how households utilize
water for livelihoods, but these activities can have complex
effects on the sustainability of community-managed supply
systems. Particularly, irrigation appears more compatible with
sustained water service, while intensive livestock keeping re-
sults to overuse and pressure on the system. These findings are
essential for guiding policies and interventions aimed at pro-
moting sustainable water management in rural communities.

Table 5. Binary Logistic regression model on influence of water for livelihood on sustained service from Community-managed water supply.

Variable Beta Std. Error

(Intercept) -0.482 0.391

Household keeps goats, cows, sheep or pigs (Ref: No)
Yes

0.736 0.284

Household waters vegetables or crops (Ref: No)
Yes

-0.725 0.442

During dry season, household sells piped water for income (Ref: No)

Yes 0.823 0.438

Note: +P<0.1, * P<0.05, ** P<0.01, ***P<0.001
Source: Field Data (2025)

Wald Odds Ratio P value
1.520 0.617 0.218
6.718 2.089 0.009
2.690 0.484 0.101
3.531 2277 0.06
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The binary logistic regression analysis conducted in three
sequential models in assessing the relationship between
household livelihood practices and the likelihood of sustaina-

ble access to service from community-managed water systems.

The dependent variable was the sustainability status of water
service (sustainable access to services vs. unsustainable access
to service), while the independent variables reflected key live-
lihood activities that rely on access to water.

The results show that livestock keeping was the strongest and

most consistent predictor of sustained access to water services.

Households that kept goats, cows, sheep, or pigs had about
two times higher odds of reporting sustained access than

households that did not keep livestock (OR =2.089, p=0.009).

In simple terms, households that depend on water for animals
were more likely to maintain reliable water service access.
This effect was also significant in the earlier models, indicat-
ing that it is stable rather than accidental.

A plausible explanation is that livestock-owning house-
holds have stronger incentives to ensure water availability be-
cause water directly affects animal survival, milk production,
market value, and household income. Such households may
therefore be more willing to pay user fees, participate in
maintenance, monitor breakdowns, or pressure management
committees to keep systems functional. This suggests that
households that rear animals are over twice as likely to report
sustainable access to service, possibly because they ensure the
reliability and management of community water systems due
to their dependency on water for livestock. The study findings
corroborate with the study findings of [4] on the notion that
livestock keeping not only increases household water demand
but also incentivizes proactive participation in the commu-
nity-managed water schemes, therefore contributing to ser-
vices access sustainability.

From a Capability Theory perspective, livestock functions
as an economic asset that expands household choices and re-
silience. Water access is not only for consumption but also for
protecting productive assets. From a Socio-Technical Systems
Theory perspective, households with higher productive de-
pendence on water may become more active users within the
institutional system, thereby indirectly supporting technical
sustainability.

Households that used water for watering vegetables or
crops showed lower odds of reporting sustained access (OR =
0.484, p = 0.101), although this relationship was not statisti-
cally significant. In practical terms, irrigating households
were somewhat less likely to report reliable service, but the
evidence is not strong enough to conclude that irrigation inde-
pendently reduces sustainability. This finding may appear dif-
ferent because the cross-tabulation suggested that irrigation
households often had better access. However, once other live-
lihood practices are considered simultaneously, especially
livestock keeping and water vending, the independent effect
of irrigation weakens. The findings of this study are consistent
with the study results of [1, 18] who observed that livestock
keeping exerts a consistent influence on water service use and
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its sustainability This suggests that irrigation may be more of
a result of good water access rather than a direct cause of sus-
tainability. In other words, households irrigate because water
is available, but irrigation alone does not necessarily sustain
the system. Another plausible explanation is that crop water-
ing can increase water demand, particularly in dry seasons,
and may create competition between domestic and productive
uses where supply is limited.

Selling piped water for income during the dry season showed
a positive and marginally significant association with sustained
access (OR = 2.277, p = 0.060). This means that households
engaged in water vending were more than twice as likely to re-
port sustainable service access, although the evidence falls just
short of conventional significance thresholds. We could also ar-
gue that households that earn income from selling water are
more likely to be connected to functioning and reliable systems.
This is logical because informal water vending depends on hav-
ing regular supply, storage capacity, or advantageous access
points. These households may also have stronger financial mo-
tivation to support repairs, maintain relations with water com-
mittees, or invest in access infrastructure. The study findings
concur with the study findings of broader argument of [23]
broader argument that improved and reliable water service en-
hances significant economic value to households I the develop-
ing countries, and [59] who found out that households leverag-
ing water for economic purpose were found to be more likely
adopt proactive coping initiatives to enhance long-term contin-
uous service access. However, including the moderating varia-
bles in model four marginally decreases the significance level
of previous variables.

These findings show that how households use water matters
for whether they experience sustainable service. Water is not
merely a domestic necessity. It is also tied to livestock pro-
duction, irrigation, and income generation. Households with
stronger productive dependence on water appear more moti-
vated or better positioned to maintain reliable access. Possible
policy implications may include:

1) community-managed water systems should be designed
with recognition that users have multiple water needs,
not only drinking and cooking. Ignoring livelihood uses
can lead to under-designed systems and hidden pressures
on infrastructure.

2) productive users such as livestock keepers and small-
scale vendors may be important partners in sustainability
because they have strong incentives to keep systems
functioning. Their participation in governance structures
could strengthen maintenance and cost recovery.

3) productive water use must be managed carefully to avoid
elite capture or overuse. Systems that favour commercial
users while neglecting vulnerable households may deepen
inequality. This is where Socio-Technical Systems The-
ory is especially useful: technical reliability depends not
only on pumps and pipes, but also on fair rules, inclusive
governance, and demand management.
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4) from a Capability Theory perspective, water access
should be seen as enabling livelihoods, food security,
and resilience. Policies that separate domestic water
from economic wellbeing may underestimate the true
developmental value of rural water systems.

The Root Mean Square Error (RMSE) values improved
across the models, decreasing from 0.39 in Model one to 0.36
in Model 2 and finally 0.33 in Model 3 and finally 0.31 in
Model 4. This progressive reduction in RMSE indicates im-
proved model fit as additional variables were introduced, alt-
hough the improvements are modest.

In summary, the regression analysis highlights livestock
keeping as the strongest and most consistent predictor of sus-
tainable access to service of community-managed water sup-
ply across all three models. While water vending shows some
potential as a contributing factor, crop irrigation, surprisingly,
does not emerge as a significant predictor in this model. These
findings suggest that livelihood activities that create a strong
dependence on water, particularly animal husbandry may mo-
tivate greater engagement in maintaining community-man-
aged systems, thereby contributing to sustainability.

Table 6. Moderating Effect on the Influence of Water for Livelihood
on Sustained Access.

. (Governance
Variable Moderation)
Livestock Keeping 1.79%** (0.60)
Vegetable / Crop Watering —0.58 (0.46)
Selling Water in Dry Season 0.94* (0.47)

Governance (Main Effects)
Trust in Participatory Decision-Making 2.38%%* (0.70)
Confidence in Water Governance 2.71%*% (0.76)

Interaction Terms

Livestock x Trust 1.81%* (0.72)
Livestock x Confidence 1.64* (0.69)
Livelihood Use x Trust 1.56* (0.67)
Livelihood Use x Confidence 1.73* (0.74)

Note: +p <0.1, * p<0.05, ** p<0.01, *** p <0.001: Source: Field
Data (2025)

Analysis presented in Table 6 shows that livelihood-related
uses of water such as livestock keeping and seasonal water
sales, remain significant predictors of sustained access after
accounting for governance effects. Livestock keeping contin-
ues to show a strong positive association with sustained access,
while vegetable and crop watering remains statistically non-
significant. Selling piped water during the dry season shows a
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modest but statistically significant positive effect. Both gov-
ernance variables show strong main effects, with trust in par-
ticipatory decision-making and confidence in water govern-
ance substantially increasing the likelihood of sustained ac-
cess. The interaction terms between livelihood-related varia-
bles and governance are statistically significant, confirming
that governance moderates the relationship between liveli-
hood use and sustained service access.

The results suggest that livelihood dependence on water
increases households’ incentives to maintain access; how-
ever, this relationship is significantly strengthened in con-
texts characterized by strong governance. Households that
rely on water for livestock or income generation are more
likely to remain connected when they trust decision-mak-
ing processes and perceive water institutions as credible.
On the other hand, where governance confidence is low,
livelihood dependence may not consistently translate into
sustained Governance therefore determines
whether livelihood reliance becomes a stabilizing force or
a source of tension and disengagement.

These findings reinforce the importance of governance in
sustaining community-managed water services. From a capa-
bility perspective, water access supports productive capabili-
ties such as income generation and food security. Governance
failure undermines these capabilities by increasing uncer-
tainty and perceived risk. These study findings are consistent
with the study findings of [25] who observed that when gov-
ernance institutions are credible and can be trusted then the
livelihood reliance translates into sustained water service ac-
cess.

acCcCcEss.

4.3. Conclusions

The findings demonstrate that community-managed water
services extend beyond their conventional domestic function
and play a critical role in supporting household livelihoods,
food security, and economic resilience. Households utilized
water for livestock keeping, irrigation of vegetables and crops,
and income-generating activities such as selling water during
periods of scarcity. These productive uses underscore the cen-
trality of water as a livelihood asset within rural and peri-ur-
ban communities. The study established that livestock keep-
ing is the most important livelihood activity associated with
sustained access to community-managed water services.
Households that kept livestock were significantly more likely
to maintain sustained access to piped water services than those
without livestock. This suggests that when water directly sup-
ports productive assets such as cattle, goats, sheep, and pigs,
households develop stronger incentives to remain connected
to the water system, comply with payment obligations, and
participate in activities that support service continuity. Live-
stock ownership therefore emerges not only as a water-de-
pendent livelihood strategy but also as a factor that reinforces
service sustainability.

A particularly important contribution of the study is the
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demonstration that governance conditions significantly
shape the relationship between livelihood dependence and
sustained access to water services. Trust in participatory
decision-making processes and confidence in water gov-
ernance institutions were found to have strong positive ef-
fects on sustained access. Moreover, governance signifi-
cantly moderated the influence of livelihood uses of water,
indicating that productive dependence on water translates
into long-term service sustainability only when supported
by credible, inclusive, and trusted governance arrange-
ments. Overall, the study concludes that sustained access
to community-managed water services is not solely a tech-
nical or infrastructural issue but is fundamentally linked to
household livelihood dependence and the quality of gov-
ernance systems. Community-managed water schemes are
more likely to remain sustainable when they recognize and
accommodate productive water uses while simultaneously
strengthening participatory governance, accountability,
and institutional trust. Consequently, policies and interven-
tions aimed at improving rural water sustainability should
adopt an integrated approach that treats water as both a
basic service and a strategic livelihood resource capable of
enhancing household resilience, food security, and rural
development.

4.4. Policy Recommendations

The findings of this study demonstrate that community-
managed water services play a much broader role than simply
providing water for domestic consumption. They function as
critical livelihood-support systems that enable livestock pro-
duction, small-scale irrigation, food production, and income-
generating activities among rural and peri-urban households.
In light of these findings, there is a need for national and
county-level water policies to move beyond the traditional fo-
cus on domestic water provision and explicitly recognize pro-
ductive water use as an integral component of rural water ser-
vice delivery. Community-managed water projects should
therefore be planned, financed, and designed with sufficient
infrastructure capacity to support both household consump-
tion and livelihood activities such as livestock watering and
crop irrigation. Such an approach would enhance household
food security, strengthen rural livelihoods, and increase
household commitment to maintaining water service connec-
tions, thereby improving the long-term sustainability of com-
munity-managed water systems.

4.5. Recommendations for Further Research

The present study found that livestock keeping was the
strongest predictor of sustained access to community-man-
aged water services, with livestock-owning households being
significantly more likely to maintain continuous access than
non-livestock-owning households. While the findings suggest
that livestock dependence creates incentives for households to
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remain connected and actively support water systems, the
mechanisms through which livestock ownership influences
service sustainability remain insufficiently understood. Future
research should therefore investigate how livestock-related
water demand affects household participation in water gov-
ernance, willingness to pay water tariffs, contribution to
maintenance activities, and compliance with water manage-
ment regulations. Such studies would provide a deeper under-
standing of whether livestock ownership strengthens sustain-
ability through increased user commitment or whether it may
eventually place excessive pressure on community-managed
water infrastructure.
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