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Executive Summary

Background and Aims

Water is essential for human life and health. Water security, provided through safe
drinking water, sanitation and hygiene and the presence and access to blue spaces,
plays an important role in promoting human health and well-being, fostering commu-
nity development through creating a pleasant living environment. Water insecurity —
too much, too little, or too dirty water — and limited access to safe drinking water, san-
itation and hygiene (WASH), on the other hand, can pose threats to humans and their
health and well-being and increase water-related disease exposure. Flooding creates
additional challenges as it can lead to breakdown or failure of WASH infrastructure,
and result in overflowing of sanitation systems, subsequent contamination of drinking
water sources and faecal spillage into the environment, with waterborne diseases such
as cholera increasing. Flood-related accumulation of waste can create health hazards
and breeding habitats for disease vectors, thus, increasing disease risk for communi-
ties as well. Beyond diseases (physical health), water insecurity adversely affects well-
being and quality of life, social relationships and human-environment interactions.

Besides health and well-being, water insecurity also impedes development and produc-
tivity of a society. Productivity in this study refers to an individual’s capacity to engage
in work, school, and household chores, as well as the efficiency and quality with which
these activities are performed, all of which are influenced by daily energy, concentra-
tion, and overall health and well-being, and which both shape and are shaped by house-
hold income and education. Limited financial resources to be invested in water-related
infrastructures and their resilience may lead to further deficiencies, failures and unpre-
dictable futures and related adverse health and well-being outcomes. Water insecurity
is associated with different social, economic, cultural, and environmental costs, with
burdens spatially and socially differentiated and most profound among individuals of
low socioeconomic status, and among the most disadvantaged population groups,
and in the poorest neighbourhoods, e.g. in informal settlements, where it can cause a
downward spiral that further reduces household income and economic development.
While the impact of water insecurity on health and wellbeing is well-documented, lim-
ited information exists that directly links improved water access to health, wellbeing
and economic activities. With urbanisation and informal settlements increasing partic-
ularly in Sub-Saharan Africa, and global environmental change and increased risk of
flooding turning informal settlements into health risk traps, addressing the combined
challenge of water insecurity, well-being and productivity growth to better understand
not only the challenges, but also identify possible solutions on moving forward, is vital.
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Methodology

Using Nairobi, Kenya, as a case study, this study explores the effect of water (in)secu-
rity on human well-being and productivity growth in urban populations. More specifi-
cally, it identifies enablers and barriers to well-being and human health, with a major
focus on (a) provision of safe water to prevent water, sanitation- and hygiene (WASH)-
related diseases (e.g. COVID-19) and (b) protection from water-related threats (e.g.
flooding). Moreover, it (ii) determines adverse effects of water-related threats on well-
being and productivity growth; and (iii) compares implications in formal and informal
settlements. A mixed-methods approach, based on the Sustainable Livelihoods Frame-
work, was employed, integrating a map-based survey using the Personal Wellbeing In-
dex — Adult (PWI-A) and WHOQOL-BREF and applying the Household Water Insecurity
(HWISE) and Sanitation-related Quality of Life (SanQoL-5) scales, choice experiments
(only implemented in informal settlements), and focus group discussions. Separate
discussions were conducted with male versus female residents, and older versus
younger residents. Content of group discussions led our analysis, with qualitative find-
ings integrated, and backed up with, quantitative results. This design enabled to cap-
ture both spatial and non-spatial, qualitative and quantitative data, individual, collective
and community perspectives, foregrounding local knowledge and residents’ narra-
tives.

Key Findings

¢ Human Right to Water (HRtW): This study indicates that the HRtW remains unreal-
ised in informal and formal settlements. While water insecurity persists in both settle-
ment types, frequent interruptions, unreliable supply, uneven access, long collection
times, high costs, and poor water quality, especially after service disruptions and dur-
ing the rainy season affect residents of informal settlements the most. Conflicts over
water access are widespread, undermining trust, straining neighbourly and household
relationships, and deepening social and gendered stress. Water collection causes ill-
ness, emotional strain, and fatigue in both settlement types. Water insecurity is deeply
gendered. Women, particularly in informal settlements, bear the greatest burden re-
garding time, safety risks, physical and emotional strain, while age differences are less
pronounced. Residents adopt diverse coping strategies, yet those in informal settle-
ments are more constrained by limited storage and financial capacities and rely heavily
on social networks.

@Wﬂlingness to pay: Residents of informal settlements have a clear preference for
improved drinking water supply at kiosk in terms of frequency, water quality and water
pressure over the current situation, even if this involves additional costs. Respondents
consistently favoured an intervention providing piped connections to kiosks which
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would improve water supply at collection point. Expected improvements in water qual-
ity influence choices the most, with pressure and supply frequency playing secondary
roles. Not all residents value these improvements equally, with confirmed variations in
resident preferences for better water quality, pointing at differences in taste beyond
the differences that can be attributed to observed household characteristics. Longer
residence in the settlement increased dissatisfaction with current services, suggesting
that prolonged exposure to water insecurity fuels the desire for change. Framing mat-
tered, with prompts related to health implications leading to stronger preferences for
water supply intervention compared to prompts related to productivity impacts.

)]
¥ Human Right to Sanitation (HRtS): The HRtS has not been met in both settlements

types. Availability of sanitation infrastructure greatly varies. Whereas in formal settle-
ments, private, improved facilities with piped sewer connections are common, informal
settlements suffer from availability challenges, relying largely on shared sanitation and
resulting open defecation — a major concern, particularly among women and older
adults. Affordability is another major concern in informal settlements, where insecure
land tenure and low household incomes constrain households’ ability to invest in toi-
lets. In formal settlements, water pumps are often unaffordable, preventing running
water supplies and leaving existing toilets unusable. Increased prices during water
supply interruptions result in reduced water use which also affects quality and safety.
Thus, affordability has implications for accessibility, quality, maintenance, and fre-
quency of services. Quality and safety is compromised in informal settlements in par-
ticular, where shared and self-constructed makeshift toilets cause environmental con-
tamination, and pose health risks as in the absence of adequate sewer networks, hu-
man waste is not disposed of safely, intensifying water insecurity, especially during
flooding. Frustration about the inability of authorities to provide and improve formal
sanitation systems is widespread.

-~~~ Flood exposure, vulnerability, and coping strategies: (Perceived) flood exposure is
substantially higher in informal than in formal settlements, particularly near the Nairobi
River. Prior flood experience strongly shapes risk perception, worry, and expected
higher damage, with overall risk perception higher in informal settlements. Vulnerabil-
ity is higher in informal settlements, and varies between socio-economic groups, with
women and female-headed households, and low income households, affected the
most. Housing conditions increase flood vulnerability in informal settlements, as most
homes are built from non-durable, water-sensitive materials. Informal structures in for-
mal settlements increase vulnerability to surface-water flooding, sewage overflow and
rainwater infiltration. Infrastructure deficits, e.g. waste-blocked drainage systems and
resulting overflow, intensify vulnerability, as do institutional factors such as unregu-
lated land use and weak infrastructure governance. Frustration with political inaction
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and feeling abandoned is widespread. Flooding results in severe impacts, economic,
financial and emotional loss and damage, particularly in informal settlements, exacer-
bating the already challenging living conditions. Flood mitigation occurs at govern-
ment (e.g. relocations and demolitions), community (collective environmental clean-
ups, deepening drains), and individual levels (e.g. avoidance of flood-prone areas, sta-
bilising walls with soil-filled sacks), particularly in informal settlements.

g Compound challenges: Limited availability, accessibility, quality, safety, affordabil-
ity, and acceptability of drinking water and sanitation, and recurring flooding interact
to create compound challenges that undermine the realisation of the Human Right to
Water and Sanitation. These compound challenges form a cycle of environmental con-
tamination, ill-health, poor well-being, and reduced productivity, that further increase
financial strain and vulnerability to these challenges, particularly in informal settle-
ments. Water insecurity exacerbates sanitation (e.g. non-operational toilets, resulting
open defecation) and hygiene (e.g. lack of water for handwashing) challenges (incl.
Costs), contributing to environmental contamination that further degrades water qual-
ity and safety, resulting in infectious disease exposure. Water supply interruptions, in-
creased water prices, and declines in piped water quality — especially shortly after sup-
ply interruptions, during the rainy season and flooding — further undermine sanitation.
Flooding further compromises the availability, accessibility, quality and safety, afford-
ability, and acceptability of water and sanitation services. Flood-related damage to
sanitation infrastructure, such as blocking of sewer lines and resulting overflow, exac-
erbates environmental contamination, creating acute sanitary hazards and health
risks, particularly in informal settlements. There, flood-related water insecurity is fur-
ther amplified by governmental mitigation measures such as demolitions of struc-
tures. The combined effects of limited drinking water and sanitation, aggravated by
recurring flooding, exacerbate persistent challenges to health, well-being, and produc-
tivity, deepening inequalities and exposing the most vulnerable residents, particularly
women and children, and those living in informal settlements, to persistent and dispro-
portionate harm, creating a downward spiral of economic pressure and disadvantage.

:{ﬁ Effects on health, well-being, and productivity. Compounded WASH and flood-re-
lated disruptions have wide-ranging impacts on health, well-being, and productivity
across both informal and formal settlements. Disease and physical well-being are af-
fected through multiple pathways, including heightened exposure to disease, reduced
sleep and physical exhaustion, increased risk of physical injury and musculoskeletal
disorders from fetching water, sexual harassment, and assault and compromised hy-
giene and nutrition, with the burden falling disproportionately on women, children, and
residents of informal settlements. Waterborne diseases (e.g., diarrhoea, typhoid,
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cholera) resulting from contaminated drinking water, water-washed diseases associ-
ated with a lack of water for sufficient personal hygiene (e.g., scabies), water-based
diseases (e.g., schistosomiasis) closely linked to unsafe sanitation and open defeca-
tion, and water-related vector-borne diseases (e.g., malaria) transmitted by insect vec-
tors breeding in or near water and increasing where stagnant water accumulates and
in the case of flooding are more prevalent when and where flooding and water insecu-
rity meets poor sanitation and further reduces sanitary and environmental hygiene,
while (flood-related failure of) drinking water infrastructure systems themselves might
facilitate disease transmission as well. Stress and worry arise from constant uncer-
tainty about accessing water, driven by limited availability and, in particular, the unpre-
dictability of when water is supplied across settlement types, and whether basic
household needs can be met, and at what cost and financial strain, and aggravated
during flooding especially in informal settlements. Mental fatigue caused by sleep dis-
ruption, and discomfort and embarrassment resulting from the need to limit personal
hygiene in times of water insecurity add to emotional hardship. Besides, social well-
being is strained by conflicts when queuing and accessing water at water points, by
inner-household conflicts related to water-related responsibilities, by reduced social
interaction affecting social comfort and networks as a result of limiting domestic wa-
ter use, and as a result of flood-related disruption. Productivity is directly affected, as
water scarcity and service interruptions and resulting time requirements to secure wa-
ter result in reduced types of income-generating and educational activities while dis-
rupting livelihoods and communities, particularly in informal settlements. Reduced
productivity can result from health consequences of water insecurity, flooding and re-
lated sleep disruption and reduced daily energy and concentration and performance.

Conclusions and Recommendations

This study makes four main contributions to understanding and researching water in-
security in disadvantaged urban contexts. First, this is the first systematic assessment
and analysis of the normative content of the Human Rights to Water and Sanitation
(HRtWS) in informal settlements and with that, also the first systematic comparison of
the realisation of the HRtWS in formal versus informal settlements. Secondly, it identi-
fies detailed links between water (in)security, human wellbeing, and productivity
growth in urban populations of Nairobi, Kenya. Thirdly, it demonstrates methodological
innovation by applying for the first time the internationally validated scales (HWISE,
SanQolL-5, PWI-A) in combination with extensive other methods collecting individual
and participatory, spatial and non-spatial data, with data analysis driven by qualitative
results. Finally, the study offers valuable comparisons of water (in)security, well-being,
and productivity growth implications different between types of settlements (formal
versus informal), and by gender (female versus male).
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This study points to the need to understand what counts for people: recording lived
experiences to capture the complexity of compound local challenges that matter to
residents themselves, and amplify local voices and contextualised recommendations
to move towards targeted interventions to improve their situation. It exemplifies the
multidimensional and intersectional challenges of realising the Human Rights to Water
and Sanitation (HRtWS) in formal and, particularly, informal settlements. It indicates
that a major constraint to water security and well-being in informal settlements re-
mains land tenure, as residents often lack the proof of land ownership or authorisation
necessary for household tap and sewer connections, while institutional and financial
barriers also persist. The challenges observed in Nairobi's informal settlements can be
generalised for settings sharing a similarly problematic profile of drinking water and
sanitation facilities/technologies across Sub-Saharan Africa.

(Perceived) flood exposure, vulnerability and impact are substantially higher in infor-
mal than in formal settlements. Women bear the greatest burden related to water in-
security overall, and face the most extensive impacts on their well-being, and produc-
tivity growth, particularly in informal settlements, being forced to invest more time in
securing water, exposed to higher safety risks, extensive physical and emotional strain,
with their social networks more affected.

Flooding exacerbates WASH challenges, contributing to environmental contamination
that further degrades water quality and safety, resulting in infectious disease exposure,
deepening inequalities and exposing the most vulnerable residents, to persistent and
disproportionate harm, creating a downward spiral of economic pressure and disad-
vantage. While residents have developed various coping strategies, there remains a
clear need to improve access to sufficient, safe, affordable, and acceptable WASH in-
frastructure, particularly for vulnerable residents, as extreme weather events, including
flooding, become more frequent. With urbanisation and informal settlements increas-
ing particularly in Sub-Saharan Africa, and global environmental change and increased
risk of flooding turning informal settlements into health risk traps, addressing the com-
bined challenge of water insecurity, well-being and productivity growth to better under-
stand not only the challenges, but also identify possible solutions and reverting the
downward spiral, will be even more important moving forward.

Future studies could expand comparative analyses to additional formal and informal
settlements across regional and cultural contexts, including mixed or gradient settle-
ment types. Incorporating spatial analyses and models could help reveal inequities
within and across settlements, pinpointing populations most in need of targeted sup-
port. Locally grounded, participatory methods, such as go-along interviews, in-depth
interviews, photovoice, or co-design workshops, could engage residents in co-produc-
ing knowledge and identifying practical solutions, while improving flood modelling and
strengthening community-led resilience efforts. Complementary studies on health risk
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perceptions and healthy hygiene habits can support interventions that address both
contamination risks and social practices, while also addressing flood risk awareness.
Future research could also examine how trust in service providers is built and sus-
tained, and its role in citizens’ engagement with improvements. Finally, understanding
the governance and financial mechanisms that enable flood-adaptive and inclusive wa-
ter security planning will be key.
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1 Introduction

Water is essential for human life, and for supporting a range of economic activities.
Water security has been fronted as an important link to attaining all Sustainable Devel-
opment Goals (SIWI, 2023; Taka et al., 2021). Gleick & Iceland (2018) classify water
security pathways under three broad categories: diminished water supply or quality,
increased water demand, and extreme flood events. Diminished water supply or quality
manifests through drought, water contamination, diverted water, and landscape deg-
radation. Increased water demand occurs due to chronically stressed irrigated areas,
chronically stressed urban areas, and rising water pressure in rainfed areas. Extreme
flood events are experienced through river floods, flash floods, and coastal storm
surges. In this report, Gleick and Iceland’s categories, and here particularly water sup-
ply and quality in the context of drinking water, sanitation and hygiene (WASH), as well
as water-related extreme events and floods, are adopted to frame water security mat-
ters in the context of human health and well-being, including both household and indi-
vidual levels. Beyond these, we also consider water security in the context of (access
to) blue spaces.

These water security dimensions are closely connected to human health - including
physical, social and mental health, as well as well-being. Water security can promote
human health, and drive and promote productivity growth, while water insecurity can
increase water-related disease exposure (e.g. cholera, COVID-19), as well as flood-re-
lated threats and destruction, all of which damage livelihoods, impede development
and productivity of a society.

As health and well-being influence how people function on both personal
and soci(et)al levels, they are closely interrelated with labour productivity. Productivity
growth is defined in this study as the ability to generate more goods and services per
worker in a given amount of time. This can be achieved by acquiring skills, also known
as human capital accumulation (Dao, 2014). In the short term, poor health can result
in absences from work or school (Bleakley, 2010; Graff Zivin & Neidell, 2013). This im-
pact on productivity can be directly measured by assessing the time or income lost
due to iliness and disability (Bleakley, 2010). Additionally, poor health and well-being
diminish both the capacity and motivation to invest in education and skills, further lim-
iting household productivity and resulting income in the long-term (Graff Zivin &
Neidell, 2013). Since most skill and physical development occurs during childhood, ill-
nesses during this time can have long-term effects on future productivity (Bleakley,
2010).
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While much research has focused on how poor health diminishes labour supply, this
study expands to examine how subjective well-being and productivity are interre-
lated. Health and well-being impact not only attendance but also the quality of perfor-
mance at work and school. Performance changes due to poor health and well-being
are often difficult to measure but can result in significant economic losses when ag-
gregated across the economy (Graff Zivin & Neidell, 2013). Conversely, improved
health and well-being can enhance educational and work outcomes, leading to better
learning, faster progress, and higher achievement (Bleakley, 2010).

It is important to differentiate between productivity growth and production growth, the
latter being the increase in GDP per capita. While GDP growth reflects how productivity
gains are allocated, productivity growth can also be directed towards enhancing well-
being by increasing leisure time (Bartolini, 2025), expanding community engagement,
and strengthening interpersonal and intergenerational relationships. Currently, there is
limited research on how productivity growth relates to such non-economic aspects of
well-being. Understanding these links is crucial, as improvements in well-being can fuel
productivity gains, which can then be reinvested in policies that further enhance well-
being. This creates a positive feedback loop, with potential benefits such as increased
leisure time, stronger social ties, enhancing urban green and blue spaces, improved
access to WASH services, and better resilience against flooding and water-related
risks. By exploring these dynamics, this study aims to shed light on the connections
between water (in)security, human well-being, and productivity growth.

1.1 Water (in)security, human health and well-being

Safeguarding water security is vital for human health and well-being, especially among
populations experiencing water-related threats in the context of global environmental
change, climate change and rapid urbanisation (Bakker, 2012; Cook & Bakker, 2012; W.
Jepson et al,, 2017; Wheater & Gober, 2015). Water insecurity adversely affects physi-
cal health, the psychological state, personal beliefs, social relationships and human-
environment interactions (Kangmennaang & Elliott, 2021). Ensuring water security —
providing water of good enough quality and quantity — is essential not only for prevent-
ing diseases, but also for supporting mental health, psychosocial well-being, and over-
all quality of life (Kangmennaang & Elliott, 2021; Winter et al., 2019).

1.1.1 Drinking water, sanitation and hygiene (WASH), health and well-be-
ing

Access to safe drinking water, sanitation and hygiene (WASH) to promote a healthy
life, and reduce the risk of water-related infectious disease exposure through unsafe
water consumption, contact, and management, remains a major global concern. The
lack of sufficient amounts of drinking water leads to dehydration, which impairs
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physical and cognitive functioning, ultimately leading to death. Water is fundamental
for adequate hygiene behaviour and for safe sanitation, which also are essential to
health (Anthonj & Falkenberg, 2019; Gilman et al., 1993). Worldwide, 2.2 billion people
still lack access to safe drinking water, and half of the global population does not have
access to safe sanitation. Two billion people do not have access to handwashing fa-
cilities with soap. Still, 419 million people practice open defecation. The consequences
of unsafe WASH are tremendous, especially in children (UNICEF, 2024)(UNICEF, 2024).
Unsafe WASH, and inadequate WASH access and behaviour, may expose individuals
and communities to numerous waterborne illnesses, including cholera, diarrhoeal dis-
eases and others, and these cause an annual two million fatalities, mainly among chil-
dren (Workman & Ureksoy, 2017).

According to the Bradley Classification (White et al., 2002), WASH-related infectious
diseases (Bartram & Hunter, 2015) can be classified as follows. Waterborne diseases
are caused by the ingestion of diverse viral, bacterial, protozoal and helminthic patho-
gens in drinking water and are thus determined by the water quality at the point of use.
Water-washed disease transmission is driven by the availability, access and use of wa-
ter for hygiene, referring to water as a preventative factor of person-to-person trans-
mission when sufficient water quantities are available. Water-based diseases cover
those pathogens that spend a necessary part of their life cycle in water. Water-related
insect vector transmission involves insects that breed in or bite near water acting as
transmission vector. Diseases entirely or partially attributable to or linked with inade-
quate WASH infrastructure and behaviours (Black et al., 2003; Esrey et al., 1991)
mainly affect rural, informal and indigenous communities in low- and middle income
countries, as well as low socio-economic and other groups in high-income countries
who carry the greatest disease burden (Anthonj, 2021).

Lacking WASH, or living with inadequate access to safe, reliable water and sanitation,
can also affect mental health and well-being, cause distress and worry (Bisung & Elliott,
2017; Kangmennaang et al., 2019). Moreover, water and WASH insecurity may cause
social shaming for failure to meet important social, cultural and productive needs, and
disrupt social relationships (Kangmennaang & Elliott, 2021). As women are often car-
rying domestic responsibilities, including access to and use of water, negative effects
related to water insecurity are most pronounced for them (Bisung & Elliott, 2017,
Wutich & Ragsdale, 2008).

1.1.2 Flooding, health and well-being

Extreme weather events, including flooding, can have major adverse effects on af-
fected populations, and usually those suffering the most are the most disadvantaged
and vulnerable groups within a community (Anthonj et al., 2015).
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Intense flooding can lead to breakdown or failure of WASH infrastructure, increasing
uncertainty of water cleanliness and quality due to increased runoff and turbidity (Rey-
naud et al., 2013), overflowing of sanitation systems, subsequent contamination of
drinking water sources and widespread fecal spillage into the environment (Howard et
al., 2010), with waterborne diseases such as cholera increasing. Flood-related accu-
mulation of waste can create health hazards and breeding habitats for disease vectors
(e.g. Malaria-transmitting mosquitoes), thus, increase disease risk for communities
(Fleming et al., 2019; Rosinger, 2018).

Besides threating livelihoods and lives, flooding can cause widespread morbidity.
While the burden of disease often increases during and in the aftermath of floods,
healthcare service providers and hospitals might be inaccessible or overburdened, re-
sulting in those falling ill not receiving the needed care, thus, creating a dual burden of
disease (Anthonj et al., 2015). Certain factors make specific groups structurally and
systemically more vulnerable or compromised, putting them at higher risk. Populations
differ in their susceptibility to flooding events and the most vulnerable population
groups, including elderly people, people with disabilities, people with low socioeco-
nomic status, women and children often bear the major burden of flood-related health
challenges (Lowe et al., 2013; Song et al., 2025).

Besides diseases, flooding can also result in reduced well-being, mental and social
health challenges (Ohl & Tapsell, 2000). Floods can also be a deeply traumatic experi-
ence for those affected. Multiple studies highlight higher occurrences of mental health
issues (such as anxiety, depression and post-traumatic stress disorder) in populations
that have experienced flooding (Ahern et al., 2005; Alderman et al., 2012; Carroll et al.,
2009; Fernandez et al., 2015; Song et al., 2025). Flood-related interruption of daily ac-
tivities may cause emotional distress and reduced life satisfaction. Places where com-
munity members gather, that function as support systems, such as churches, schools,
and community centres might be inaccessible during the flood, making socializing im-
possible, disrupting social networks and information flow.

1.2 Water (in)security, development and productivity growth

Economic growth and well-being are closely intertwined, directly and indirectly, with
the quality and accessibility of water (Duran-Encalada et al., 2017). Socioeconomic
status - generally measured based on education, income, and occupation — may have
implications for various aspects of human life: where people live, their neighborhoods,
social relationships, their quality of life, access to transportation, access to safe water,
access to blue and green spaces, and access to quality, subjective well-being and hap-
piness healthcare (Livingston et al., 2022). Socio-economic characteristics that affect
water (in)security can be divided into three main groups (Oskam et al., 2021).
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First, the physical dimension of water insecurity involves both watersheds and infra-
structure. Safe, affordable, and reliable water supply necessitates sufficient financial
resources, suitable infrastructure, equitable communities, and healthy watersheds.
However, financial stress can hinder investment in infrastructure, leading to opera-
tional deficiencies and infrastructure failures. Increasing financial pressure can under-
mine the resilience of water supply systems and force challenging decisions regard-
ing revenue generation and resource allocation. Ultimately, limited financial resources
constrain a city’s or country’s ability to address current water insecurity challenges
and prepare for an unpredictable future (Hughes, 2022).

Secondly, economic factors — from household (Bisung & Elliott, 2017; Oskam et al.,
2021) to the national level such as measured in Gross National Income (GNI) (Gomez
et al., 2019) - not only affect the availability and quality of water infrastructure but also
contribute to inequalities in accessing it. Household wealth determines the affordabil-
ity of safe water sources within or close to the dwelling (Bisung & Elliott, 2017; Oskam
et al., 2021), assets such as labour and storage containers for water collection and
storage (Tucker et al., 2014), as well as household spending on, or willingness to pay
for, safe drinking water (Khan & Sheikh, 2023; Thakur et al., 2022). Individuals of low
socioeconomic status are likely to live in informal settlements with poor WASH access,
however, disparities in access to safe drinking water persist even within these informal
settlements (Oskam et al., 2021). Long collection times and labor shortages might
lead people to prefer closer yet unsafe water sources (Tucker et al., 2014), which not
only negatively affects physical health through water contamination arising at the
source, but also during transport or storage (Hasan & Alam, 2020; Oskam et al., 2021;
Too et al., 2016). Mental well-being risks include perceived stress related to costs (the
proportion it takes up in the household budget rather than the total amount spent)
(Kangmennaang & Elliott, 2021; Stoler et al., 2012), as well as frustrations from time
lost (Kimutai et al., 2025).

Health consequences have been estimated to amount to as much as 7% of the gross
domestic product, without even considering the broader social and environmental im-
pacts (Hutton & Chase, 2016). Consequently, the lack of WASH access has substantial
economic implications at the national level. Investments in piped drinking water, alt-
hough costly, can help address disparities in access to safe water (Deshpande et al.,
2020), thus promoting well-being and productivity growth in the longer term. Such in-
terventions can free up time spent on water collection, enabling adults in informal set-
tlements to engage in labour and children to attend school more regularly (Hutton &
Chase, 2016). This not only addresses health risks caused by contaminated water
(Oskam et al.,, 2021; Tucker et al., 2014) but also has wider health and well-being
benefits. Preventing women from having to choose between collecting water and car-
rying supplies to their husbands could lower the risk of domestic violence and verbal
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abuse. (Tucker et al., 2014). Additionally, increased water security reduces the risk of
caregiver depression, thereby alleviating the responsibility of water collection from
children and positively influencing their school attendance (Cooper-Vince et al., 2017).
After a water intervention in Kenya, time previously spent on collecting water was re-
allocated to generating income, and the money saved was mainly re-directed towards
improving nutrition (Bisung & Elliott, 2017). Increased income also leads to higher
household spending on healthcare, thereby enhancing quality of life and life expec-
tancy (Ummalla et al., 2022).

Thirdly, social factors that affect water insecurity include, but are not limited to, edu-
cation, marital status, employment, and ethnicity (Oskam et al., 2021). The link be-
tween marital status and water insecurity was inconsistent in previous studies and re-
quires further research (Adams et al., 2016, Oskam et al., 2021). Similarly, the role of
employment needs further consideration. Even among household heads with formal
employment, there is evidence suggesting that they resort to less safe or distant
sources of drinking water (Irianti et al., 2016; Oskam et al., 2021). In contrast, the pos-
itive link between education and access to improved water sources is reiterated in nu-
merous studies. Those with higher education levels may be more conscious of the sig-
nificance of good-quality water and the associated health risks of unsafe drinking wa-
ter (e.g. Adams et al., 2016; Armabh et al., 2018; Belay & Andualem, 2022; Irianti et al.,
2016; Thakur et al., 2022). Consequently, they are more inclined to invest in better ac-
cess to improved water sources (Oskam et al., 2021). Enhanced education, particularly
among women or mothers who are central to family well-being, acts as a preventive
measure against malaria infections in their children (Sultana et al., 2017); and miti-
gates their own emotional distress (Kangmennaang et al., 2019). Reducing the health
burden, in turn, has important implications for productivity growth on different spatial
scales. The national economy benefits from a healthier work force and reduced allo-
cation of resources toward disease control and treatment (Alonso et al., 2019; Ugwu
& Zewotir, 2018). Households using the internet or television for information may lower
their spending on safe drinking water (Khan & Sheikh, 2023). On the individual level, it
has been suggested that each 1 US dollar invested in a person’s education could gen-
erate economic growth of 10-15 US dollars over their working lifespan (Oskam et al.,
2021; Thakur et al., 2022; UNESCO, 2012).

Whilst these determinants provide a deeper understanding of the links between water
insecurity, productivity growth and well-being, the relevance of water for economic
growth goes beyond increased productivity through a healthier workforce and in-
creased labour participation. Urban blue spaces can contribute significantly to the
economy in numerous ways, such as fostering community development through cre-
ating a pleasant leisure and living environment, stimulating consumption, offering op-
portunities for commercial transportation, facilitating the development of new
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industries, enhancing job opportunities (Du et al., 2023), and increasing property values
(Ramisio et al., 2022). Such economic development creates capacity for sustainable
water management which is crucial to minimise risks of economic losses, environ-
mental risks (such as destruction of natural habitats or waste pollution), health prob-
lems and social issues related to over-development. For instance, floods not only pose
a significant health risk but also endanger people’s property and living environment
(Du et al., 2023). Urban property damage through floods is estimated to contribute
around a quarter of the overall global economic losses associated with water insecu-
rity (Ramisio et al., 2022).

Water insecurity is associated with different social, economic, cultural and environ-
mental costs, with burdens spatially and socially differentiated. Individuals of low so-
cioeconomic status are likely to live in informal settlements with poor access to water
sanitation and hygiene (WASH) services, while also being exposed, and more likely to
be adversely affected, by extreme weather events such as floods. The time and
money required and invested in accessing water reduces household savings and pro-
ductive time, and that is associated with emotional distresses and reduced well-being
(Kangmennaang & Elliott, 2021). The coping strategies to alleviate water insecurity in
these neighborhoods may expose household members to increased risk to mental
health disorders. Water insecurity for them can cause a downward spiral that further
reduces household income and economic development. Water insecurity is both the
result and consequence of low socio-economic status. Having demonstrated the intri-
cate and interconnected relationships among water (in)security, development, and
well-being across various spatial scales, it is imperative to capitalize on synergies that
foster both economic growth and sustainable high well-being.

1.3 Water (in)security and informal settlements

Urbanisation is on the increase, and nearly 1.2 billion people living in urban areas glob-
ally live in precarious informal settlement. Sub-Saharan Africa hosts the highest pro-
portion of urban people living in informal settlements, and the increased population
density in settlements, and their unplanned expansion, often transforms them into area
vulnerable to multiple hazards which at the same time pose barriers to development
(Zerbo et al., 2020). “Informal settlement” refers to areas of non-official land registries,
non-respectful of building code and/or planning legislation (Satterthwaite et al., 2019).
Informal settlements are often shaped by extreme poverty, inadequate social service,
insecurity, crime, high level of unemployment. At the same time, informal settlements
often provide inadequate water and sanitation, as well as waste management services
to their inhabitants, and access to healthcare might be out of reach. All of these risks
have implications for the health situation, and for the well-being of people living in in-
formal settlements (Ezeh et al., 2017; Zerbo et al., 2020).
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Informal settlements are places where the neighborhood effects related to poor sani-
tation, overcrowding, poor housing, physical hazard, pollution, and poverty expose the
dwellers to everyday health risks and keep them in a “risk trap” (Twigg, 2015), which
particularly affects the most vulnerable parts of the population.

The maijority of households in informal settlements lack piped water to premises,
drinking water quality at the source is often of poor quality, and toilets are shared, and
not connected to safe sewerage systems, which leads to an accumulation of fecal
pathogens and other disease-causing agents in the environment. Proper drainage in
streets is commonly absent, increasing health risks even further, particularly after rains
and floods, when streets turn into stagnant pools creating favourable breeding habi-
tats for disease vectors (Ezeh et al., 2017; Otiso, 2003).

The unsafe living conditions, insecurities and risks associated with life in informal
settlements also increase the burden of stress, mental ill-health and being unwell
(Satterthwaite, 1993). Besides, the inadequate infrastructures and basic service make
informal spaces more vulnerable to disasters. Extreme weather events, such as floods,
sustain and worsen poverty, with high and long-lasting effects particularly on urban
areas with moderate to high levels of poverty, and here particularly informal settle-
ments (Filho et al., 2018). The urban poor and those living in informal urban settle-
ments are “disproportionally exposed to floods” (Winsemius et al., 2018), and urban
wage earners have been found to be the most vulnerable to poverty resulting from
climate extremes (Ahmed et al., 2009; Douglas et al., 2008; Grasham et al., 2019), as
poor development and planning exacerbates environmental issues. Besides, infor-
mal urban settlers often lack legal rights to land, being more fragile to political deci-
sions and facing multiple risks of extortion and eviction.

1.4 Problem statement

Water security, provided through safe drinking water, sanitation and hygiene and the
presence and access to blue spaces, plays an important role in promoting human
health and well-being, fostering community development through creating a pleasant
living environment. Water insecurity, and limited access to safe drinking water, sanita-
tion and hygiene, on the other hand, can increase water-related disease exposure (e.g.
cholera, COVID-19). Flooding creates additional challenges to human health (e.g. ex-
posure to malaria, injuries), while causing destruction and damaging livelihoods. If
both coincide, flooding hits deficient WASH infrastructure, and this creates a dual
health challenge for affected communities as demonstrated by the recent destructive
floods in Nairobi.

Beyond physical health, water insecurity adversely affects well-being and quality of life,
social relationships and human-environment interactions. Besides health and well-be-
ing, water insecurity also impedes development and productivity of a society, and
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limited financial resources to be invested in water-related infrastructures and their re-
silience may lead to further deficiencies, failures and unpredictable futures and related
adverse health and well-being outcomes. Water insecurity is associated with different
social, economic, cultural and environmental costs, with burdens spatially and socially
differentiated. Challenges around WASH and flooding, as well as consequences for
well-being, development and productivity growth, are most profound among individu-
als of low socioeconomic status, and among the most disadvantaged population
groups, and in the poorest neighbourhoods, e.g. in informal settlements, where it can
cause a downward spiral that further reduces household income and economic devel-
opment. Water insecurity is both the result and consequence of low socio-economic
status.

There is limited evidence on the linkages between water insecurity components and
well-being in vulnerable urban populations. Few studies have directly examined how
improvements in water security influence health, well-being, and economic participa-
tion, particularly of vulnerable populations such as women (Ogutu et al., 2025) or those
living in informal settlements. Moreover, previous research in urban populations has
not sufficiently explored subjective well-being approaches and how productivity
growth contributes to wellbeing (and vice versa) within the sustainable livelihoods
framework.

With urbanisation and informal settlements increasing particularly in Sub-Saharan Af-
rica, and global environmental change and increased risk of flooding turning informal
settlements into health risk traps, addressing the combined challenge of water insecu-
rity, well-being and productivity growth to better understand not only the challenges,
but also identify possible solutions on moving forward, is vital.

Page 27 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



2 Research scope

2.1 Research objectives

The overall aim of this study is to determine the effect of water (in)security on human
well-being and productivity growth in urban populations of Nairobi, Kenya (Figure 2-1).

1. To identify links between water (in)security on human health, wellbeing, and
productivity growth in urban populations of Nairobi, Kenya.

2. To determine adverse effects of water-related threats on wellbeing and produc-
tivity growth in urban populations of Nairobi, Kenya.

3. Toidentify water security enablers to well-being, human health and productivity
growth in urban populations of Nairobi, Kenya.

4. To compare water (in)security, well-being, and productivity growth implications
in formal and informal settlements of Nairobi, Kenya.

Figure 2-1: Overview of the study aims examining how water insecurity, sanitation, and
flooding interact to shape health, well-being, and productivity, with a comparative fo-
cus on formal and informal settlements in Nairobi, Kenya.
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The following research questions are explored (Table 2-1):

Table 2-1: Overview of research questions and their corresponding sections.

Research questions

Water insecurity and lived experiences in formal and informal settlements
through the lens of the Human Right to Water

Addressed
in

1.

Has the Human Right to Water been realised in formal and
informal settlements in Nairobi, Kenya, and how do experi-
ences vary by settlement type, gender, and age?

How do drinking water service levels in formal and informal
urban settlements of Nairobi compare against national, ur-
ban, and rural coverage in Kenya and other countries in West
and East Africa?

How do lived water insecurity experiences compare across
formal and informal settlements?

How do residents cope with water insecurity in formal and
informal settlements?

What are the perceived underlying causes and challenges
driving water insecurity and service interruptions in formal
and informal settlements?

Chapter 4

Water insecurity, well-being, health, and productivity in formal and informal
settlements

1. How do water insecurity experiences, well-being, and produc- | Chapter 5
tivity vary by settlement type and gender?
2. How do water insecurity experiences affect well-being across
settlement types, ages and genders?
3. How do water insecurity experiences affect productivity
across settlement types, ages and genders?
Drinking water choices informal settlements of Nairobi
1. Would residents of informal settlements in Nairobi prefer im- | Chapter 6
proved water supply alternative to the current water supply
situation?
2. Which water supply characteristics do residents value for the
improved water supply?
3. What is the willingness to pay of residents for the improved
water supply?
Sanitation, lived experiences, well-being, and productivity in for-
mal and informal settlements through the lens of the Human Right
to Sanitation
1. Has the Human Right to Water been realised in formal and | Chapter 7

informal settlements in Nairobi, Kenya?
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2.

How do sanitation service levels in formal and informal set-
tlements, classified using JMP definitions, compare with na-
tional, urban, and rural coverage in Kenya, as well as regional
coverage in West and East Africa?

How does sanitation-related quality of life vary by settlement
type, gender, sanitation service level, and type of toilet facil-
ity?

How do sanitation-related quality of life experiences influ-
ence well-being and productivity, and how do these effects
differ by settlement type and gender?

Flood risks, flood experiences, and mitigation measures in water (in)secure for-
mal and informal settlements

1.

2.

How is flood exposure perceived and how does it differ
across informal and formal settlements, ages, and genders?
How does flood vulnerability differ across informal and for-
mal settlements, ages, and genders?

How do lived flood experiences, including effects on health,
well-being, and productivity compare across settlement
types, ages, and genders?

What flood mitigation and adaptation strategies are adopted
by residents in informal and formal settlements?

Chapter 8

Interlinkages between water (in)security, well-being, and productivity

1.

How do compound challenges arising from water insecurity,
inadequate sanitation, and flooding interact to shape envi-
ronmental and household vulnerability in informal and for-
mal settlements?

How do these compound challenges affect residents’ health,
well-being, and productivity in informal and formal settle-
ments?

How are these compound challenges distributed across and
within informal and formal settlements?

Chapter
9.2

2.2 Research framework: Sustainable livelihood framework related to
water (in)security, health, well-being

Depending on its quality, quantity and use, water can serve as a health- and well-being-
promoting that can directly translate into development and productivity growth. The
value of water can be distinguished at different levels, or from the short-term value to
fulfil the immediate needs (e.g. hydration, nutrition) to the long-term value

(e.g. through sustainable water resource use) (Anthonj & Falkenberg, 2019: 196ff).

One concept that serves to understand the value of water for health and well-being,
livelihoods and development at the individual and community levels is the holistic ‘Sus-
tainable Livelihoods Framework’ (SLF), an approach rooting in the concept of
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vulnerability (DFID, 2001). Livelihoods include the capabilities, assets and activities re-
quired for the means of living in the context of risky living conditions. Assets consist
of human capital, natural capital, financial capital, physical capital, and social and cul-
tural capital.

In terms of livelihoods, good health and well-being are both assets for, and desired
outcomes, of livelihood strategies. lll-health, on the other hand, makes individuals less
productive, constraining their livelihood options (McCartney et al., 2015; Obrist et al.,
2007). Water resources, per se, are an asset in terms of natural capital, upon which
particularly the most vulnerable parts of societies depend. These can be transformed
into human capital through the provision of sufficient water for hydration and hygiene,
as well as for food production, thus supporting health. Human capital in terms of
health-related knowledge, education and risk perception has the potential to reduce
the risk of water-related infectious diseases and promote health. Water can contribute
to financial capital through the utilisation and sale of the resources provided, contrib-
uting to household income and socio-economic status (MEA, 2005). Physical capital
with regard to water refers to infrastructures that make water more accessible and
safer, including water distribution and water treatment facilities. Physical capital re-
fers to access to both governmental services (e.g. centralised water supply) and pri-
vate infrastructure (e.g. household well). Availability of and access to water, sanita-
tion and hygiene (WASH) infrastructure refers to physical capital. Investments in wa-
ter infrastructure, both individually and on the community level, improve water quantity
and quality, thus translating into human capital through reduced disease risk (ibid.),
while also increasing the water use efficiency, potentially generating higher financial
capital which in turn contributes to development and health improvement. The water-
scape or blue space provides place for recreation, social interaction and salutoge-
netic health benefits through its physical, aesthetic landscape elements and can thus
foster social capital, which entails the social networks and supportive structures of
individuals or communities (Foley & Kistemann, 2015; Vélker & Kistemann, 2011).

Water security contributes to social status, on the individual level, which forms an im-
portant determinant of social capital (Bisung & Elliott, 2014; Curtis et al., 2009). The
social fabric of the community as well as potential water conflicts can induce positive
or negative health effects. The cultural value of water influences the relationship be-
tween humans and water, affecting usage, management and risk perception. Cultural
capital thus includes habits, behaviours and routines around water, potentially
strengthening or threatening human health (Akpabio, 2012). While such habits and be-
haviours are usually practised on the individual level, cultural capital is fostered on the
community (and national) level. Stronger cultural capital through community cohesion
positively affects individual cultural capital, and is however mediated by the social fab-
ric (social capital) of the community. The described forms of livelihood assets or

Page 31 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



capital (natural, financial, physical, social, cultural and human) determine, influ-
ence and shape each other, and have influence on and are influenced by ac-
cess, knowledge and behaviour in the context of water and health (Anthonj & Falken-
berg, 2019).

Figure 2-2: The Sustainable Livelihoods Framework (DFID, 2001, p. 3).
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3 Methodology

3.1 Study sites

This study was conducted in contrasting settlements in Nairobi, Kenya: Jericho Lu-
mumba and Harambee estates, representing a formal settlement in Harambee ward,
Makadara constituency, as well as three villages in Korogocho ward in Ruaraka sub-
County, representing an informal settlement (Figure 3-1).

Figure 3-1: Map and visual characterisation of the study area: Formal and informal
settlements in Nairobi, Kenya (Map by Paula Janeka, photos taken by Dancan Owaga
and Kelvin Oduor).
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These settlements were chosen for two main reasons. First, Jericho and Harambee
estates are spatially planned by the Nairobi City County Government and are charac-
terised by similar housing design, ample green spaces, well-developed road networks,
and access to WASH services. The original formal housing structures are still main-
tained, enabling a comparison with Korogocho informal settlements, characterised by
the absence of spatial planning and informal housing. Although both types of settle-
ments receive piped water from the Nairobi City Water and Sewerage Company
(NCWSC), they differ in access to safe water, sanitation facilities, and drainage, as well
as in flooding exposure and vulnerability. Secondly, the African Population and Health
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Research Center (APHRC) has previously worked in these areas and developed rela-
tionships with local leaders and residents, which facilitated navigation, built trust, and
encouraged participation in study activities, particularly on sensitive topics, such as
lived experiences of accessing water.

Jericho and Harambee are predominantly middle-class neighbourhoods whose resi-
dents generally experience better health and greater access to quality services than
those in informal settlements (Ochako et al., 2016). APHRC conducted a site visit to
better understand housing conditions, WASH infrastructure, and the state of formality
in the different estates. Transect walks indicated that homeownership is common,
housing infrastructure is well developed and planned, and households have improved
water accessibility, with reliable, quality, and affordable piped water from the NCWSC
distribution network. Alternative water sources include privately operated boreholes or
rainwater, commonly stored in large water tanks. All households are connected to
sewer system. The presence of functional sanitation and sewer systems significantly
reduces the risk of contaminated drinking water and related infectious disease expo-
sure (Figure 3-1).

Korogocho is located in Ruraka sub-County, approximately 12 km northeast of the Nai-
robi Central Business District. Developed on reserve land along the Nairobi and Geta-
thuru rivers, it spans about 0.9 km? and is among the most densely populated areas in
the city (Beguy et al., 2015), with over 36.900 inhabitants and a population density of
42.401 persons per km? (KNBS, 2019). It has a relatively stable and long-term popula-
tion (Emina et al., 2011). The settlement is home to a predominantly young demo-
graphic with a diverse ethnic mix, including Kikuyu, Luo, Luhya, and Kamba communi-
ties. Many residents are rural-to-urban migrants seeking economic opportunities in
Nairobi (Wamukoya et al., 2020).

Korogocho has long been associated with some of the worst health and socio-eco-
nomic conditions among Nairobi’s informal settlements (APHRC, 2002). More than
75% of households live in chronic poverty (Wamukoya et al., 2020). Economic insecu-
rity is widespread, as many residents rely on unstable sources of income (Emina et al.,
2011). Additionally, the Dandora dumpsite, Nairobi’'s only landfill, borders Korogocho
to the east and southeast (Beguy et al., 2015). While it poses serious environmental
and health risks, it also provides a source of livelihood, particularly for younger resi-
dents who scavenge recyclable materials for resale (Karuga et al., 2022).

Infrastructure is underdeveloped (Beguy et al., 2015), and access to essential services
such as piped drinking water, sanitation, and electricity limited and unreliable (Chumo
et al., 2022). Most households depend on buying water from vendors or kiosks for
drinking and other needs. Alternative drinking water sources include boreholes oper-
ated by private or community-based providers, often supplying water through kiosks
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with overhead storage tanks. Due to the limited access to sewer systems, most resi-
dents rely on pit latrines, usually shared among multiple households (Figure 3-1)
(Chikozho et al., 2019; Iddi et al., 2021; Tomoi, Ingumba, Simiyu, Otteng, et al., 2025).
Manual pit emptying is widely practiced but lacks formal recognition or monitoring
from local authorities (Chumo et al., 2023; Tomoi, Ingumba, Simiyu, Otteng, et al., 2025;
Tomoi, Ingumba, Simiyu, Ross, et al., 2025). During Kenya’s recent long rains, parts of
Korogocho experienced severe flooding (Trento Oliveira, Kuffer, Belgiu, et al., 2024),
exacerbating existing water and sanitation challenges.

In this manuscript, we refer to Jericho Lumumba and Harambee as formal settlements,
and Korogocho as informal settlements.

3.2 Mixed-methods study design

We adopted a mixed method (Charles et al., 2025), comparative cross-sectional study
design in formal (Jericho Lumumba and Harambee estates) and informal (several vil-
lages in Korogocho) settlements to assess individual and household well-being and
productivity related to water (in)security. Ethical clearance for this study was received
from the Ethics Review Board at the Faculty of Geo information Science and Earth Ob-
servation at the University of Twente (#240656; approval date: 20.09.2024) and from
the Ethics Scientific Review Committee at AMREF Health Africa (approval number
ESRC P1713/2024, approval date 30.09.2024).

Various definitions of well-being exist, generally encompassing how individuals feel,
function both on a personal and social level, and evaluate their overall lives (Jarden &
Roache, 2023; Michaelson et al., 2012). Additionally, human well-being is a multi-di-
mensional concept with differences along the lifespan of individuals, and culture
(Jarden & Roache, 2023). This study adopted a subjective well-being (SWB) approach,
focusing on individuals' own assessments of life satisfaction, emotional states, and
overall well-being. By capturing perspectives directly from people, it provides a holistic
view of well-being across multiple life domains, beyond just economic factors. Inte-
grating subjective insights into well-being research and policy design fosters a bottom-
up approach, ensuring that development strategies align with people’s lived experi-
ences. This, in turn, enhances public support and engagement, making policies more
effective and sustainable.

A map-based survey tool served to understand interactions between water insecurity
(including WASH and flooding), physical, social, mental health and well-being, and
productivity in formal and informal settlements. Choice experiments were conducted
to explore the factors influencing residents' preferences for water supply interventions
in informal settlements, particularly whether their willingness to pay is driven by
productivity or health considerations. Focus group discussions complemented the
quantitative data by capturing collective knowledge, perspectives, and attitudes of
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residents in formal versus informal settlements related to water insecurity and WASH,
flood impact, related well-being and disease exposure, and links to well-being, and
productivity. For more in-depth, different and more dynamic insights that would remain
untapped or inaccessible by the other forms of data collection used, we carried out
separate discussions with male versus female residents, and older versus younger res-
idents.

3.2.1 Focus group discussions

Focus group discussions (FGDs) involve trained interviewers/moderators, who facili-
tate exchange based on a set of predefined guiding questions (Appendix A1.1), and
encourage group members to communicate with one another, exchanging ideas and
comments on each other’s experiences or points of view (Wong, 2008).

Our FGDs aimed to gather deeper insights related to water supply and quality, sanita-
tion, hygiene and (prevention of) disease exposure (A. Davis et al., 2018); links between
water insecurity, well-being, health, and productivity (Azupogo et al., 2023; Kangmen-
naang et al., 2020); and flood risks, flood experiences and mitigation measures in wa-
ter (in)secure settlements (McDowell et al., 2021). While through our household sur-
vey, many questions were already raised to residents of formal and informal settle-
ments, through FGDs, we aimed to fully understand the complexities beyond standard-
ised questions and potentially limiting answer options, links and associations between
topics and challenges faced (Wong, 2008). We expected group discussions to allow
for more, different and more dynamic insight that would remain untapped or inacces-
sible by other forms of data collection.

According to a growing body of literature, women and men often have differentiated
relationships to water access, uses, knowledges, governance, and experiences (Harris
et al,, 2017), driven by gendered household, community or occupational labour prac-
tices, socio-cultural contexts, and other differences (incl. age). The responsibility for
water- and health-related matters, the division of labour, and connected everyday wa-
ter practices, in many parts of the world, and particularly in Sub-Saharan African coun-
tries, is in the hands of women (Dickin & Caretta, 2022; Van Houweling, 2016). Likewise,
water-related threats and risks affect women more than men (Cole et al., 2024). At the
same time, women are often excluded from water-related decision making (Adams et
al., 2018).

Age is an important determinant of water- and health-related knowledge, attitudes and
practices also, as found in research on safe water drinking practices among older per-
sons in slums of Kampala (Maniragaba et al., 2023), perceptions of drinking water
from private water supplies (Jones et al., 2005), willingness to use drinking water fil-
ters in China (Duan et al., 2022), media use related to information on drinking water
safety (Crampton & Ragusa, 2016).
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To account for gender and age differences, we carried out separate group discussions
with male and female residents, and older and younger residents in Jericho Lumumba
and Harambee, and Korogocho. This approach built on previous positive research ex-
periences, where individuals participating in group discussions in Kenya and Zimba-
bwe felt more comfortable, and more open to discuss, in groups with similarly aged
peers (Ogutu et al., 2025).

3.2.2 Household survey

The questionnaire (Appendix A1) was designed to collect quantitative and spatial data
on household water (in)security (including drinking water supply and perceived quality,
sanitation, and flooding), subjective well-being, and productivity. It was structured
around key livelihood assets — human, physical, financial, natural, and social capital —
(see Section 2.2) to provide a comprehensive understanding of households' vulnera-
bilities and resources (Figure 3-2).

Figure 3-2: Household survey captures quantitative and spatial data on household wa-
ter insecurity, sanitation, and flooding, as well as subjective well-being and productiv-
ity, structured around key livelihood assets (human, physical, financial, natural, and so-
cial capital).
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Starting with human capital, the questionnaire covered socio-demographic factors and
subjective well-being (SWB), operationalised through life satisfaction using the Per-
sonal Wellbeing Index — Adult (PWI-A) (International Wellbeing Group, 2013a). While
research on water insecurity has largely focused on health risks and emotional dis-
tress, this study took a broader SWB perspective, aiming to provide a more compre-
hensive understanding of how water insecurity impacts overall well-being and human
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prosperity (Kangmennaang & Elliott, 2021). Productivity evaluations were drawn from
the WHOQOL-BREF (WHO, 2024; WHOQOL Group, 1998), focusing on ability to concen-
trate, daily energy, and sick days. Financial capital was evaluated through individu-
als' perceptions of their financial situation, essential household assets, and resources
available during financial hardship, such as savings and access to loans (Table 3-1).

Table 3-1: Overview of the questionnaire structure, showing the indicators included
under each livelihood capital and the key references informing indicator selection and
instrument design. The full version can be found in Appendix A1.2.

Livelihood capital Indicators

References

Human capital

Socio-demographic characteristics
(gender, age, marital status, educa-
tion, household members)

(Ndinda et al., 2021)

Subjective well-being

PWI-5 (International Wellbe-
ing Group, 2013a)

Productivity

WHO QOL BREF (WHO, 2024;
WHOQOL Group, 1998)

Physical capital

Housing materials and conditions

(Ndinda et al., 2021)

Water security

Main source of drinking water, dis-
tance, time spent

Water treatment

Household Water Insecurity Experi-
ences

(UNICEF & WHO, 2018)
HWISE (Young et al., 2019)

Sanitation
Toilet facility
Sanitation-related quality of life

(UNICEF & WHO, 2018)
SanQolL-5 (Ross, Greco,
Opondo, et al., 2022)

Financial capital

Sources of income

Household expenditure

Perceived financial situation
Coping strategies (e.g. savings, ac-
cess to loans, behavioural)

(Khan et al., 2024; Ndinda et
al., 2021)

Natural capital

Importance of environmental re-
sources for household well-being &
income

Flooding

Household affectedness

Flood experiences and protection
measures

Social capital

Community spirit
Social support during flooding and

water shortage

(Kangmennaang et al., 2020)
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Water (in)security was evaluated through both physical and natural capital dimen-
sions. In terms of physical capital, access to safe and clean drinking water was as-
sessed by looking at factors such as distance, collection time, and water treatment.
To measure experiences of water insecurity, the study used the 12-item Household
Water Insecurity Experiences (HWISE) Scale, validated for use in low- and middle-in-
come countries (Young et al., 2019). Sanitation was evaluated by examining the type
of toilet facility used, how many households share the facility, and its impact on quality
of life, using the SanQoL-5 scale, a tool developed for the economic evaluation of qual-
ity of life benefits from sanitation interventions (Ross, Greco, Opondo, et al., 2022).
Housing conditions were also considered, as these influence coping strategies during
flooding and water shortages. In terms of natural capital, the study looked at house-
hold experiences with flooding, including the extent of flood damage and worries about
current and future flood risk (Table 3-1).

Additionally, social capital was measured through perceived community spirit and the
type of social support received during flooding and water shortage (Table 3-1). More-
over, several open-ended questions were included to allow for a deeper exploration of
factors that contribute to life satisfaction both in the present and in the future, as well
as to understand the reasons why some households do not treat their water (if appli-
cable).

3.2.3 Discrete Choice Experiment

Existing studies in the context of (i) water (in)security, including drinking water, sanita-
tion and hygiene (WASH), flooding and blue spaces, (ii) well-being and (iii) productivity
growth partly consider the three research topics and their associations, but mainly fo-
cus either on WASH and wellbeing, or blue spaces and well-being, or WASH and eco-
nomic considerations. Evidence on preferences in terms of water security for well-be-
ing, from an economic and productivity growth perspective, are scarce. By the use of
choice experiments, our research addresses these knowledge gaps by conducting a
stated-preference valuation study of a range of water security items.

A Discrete Choice Experiment (DCE) is a stated preference method used to understand
individuals' preferences by presenting them with hypothetical scenarios and asking
them to choose between different alternatives (choice sets or choice cards). Each al-
ternative is characterised by multiple attributes, including a monetary component, with
each attribute varying across pre-defined levels. DCEs are commonly used in policy
and environmental research to estimate the value of non-market goods and services,
guiding decisions based on public preferences. For instance, the monetary attribute
reflects how much individuals are willing to pay for improvements, such as enhanced
water provision and associated characteristics, over existing options. These trade-offs
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help value and prioritise interventions and inform decision-making (Rajapakshe et al.,
2023).

DCEs have been extensively applied to value environmental amenities. For example,
Hensher et al. (2005) estimated the willingness to pay (WTP) for drinking water and
wastewater service improvements in Canberra, Australia and found that the benefits
of water service improvements were significant. In the EU context Latinopoulos (2014)
estimated the benefits of improved water supply using the DCE method in the Munici-
pality of New Propontida, Greece. The results here also highlighted the importance of
water service improvements for water users, and their positive willing to pay for water
service. Yet relatively few studies have used this method in the context of water inse-
curity, e.g. in the context of piped water provision (Rajapakshe et al., 2023), quality
sanitation (Tidwell et al., 2021; Tomoi, Ingumba, Simiyu, Ross, et al., 2025) and blue
spaces (Toledo-Gallegos et al., 2022). There is a particular gap in valuing the benefits
of improved piped water supply in developing countries (Rajapakshe et al., 2023). DCE
studies in Malaysia revealed that households generally express a higher WTP for im-
proved water quality, fewer service disruptions, higher water pressure (Anang, 2018;
Ibrahim et al., 2019; Nur Syuhada et al., 2020; Yacob et al., 2011) and greater consumer
trust (Yacob et al., 2011). Similarly, Ahsan et al. (2021) found that urban dwellers in
Bangladesh were willing to pay for better water quality, service regularity, water pres-
sure, and filtration. In Sri Lanka, Rajapakshe et al. (2023) combined choice modelling
with water quality measurements, finding that households strongly prefer water quality
improvements, with those experiencing poorer water quality willing to pay more. Edu-
cation, age, income, and gender influence WTP for water services. Yacob et al. (2011)
found higher education increases WTP, while Anang (2018) and Ibrahim et al. (2019)
identified age, income, and gender as key factors. Rajapakshe et al. (2023) also found
that women and those with higher education or fluoride levels in their current drinking
water show a stronger preference for improved water quality.

Similarly, studies across Africa show a strong willingness to pay for better water quality
and supply. Kanyoka et al. (2008) found that rural South African households prioritised
water quality, reliability, and access over water quantity, with a private tap being the
most desired improvement for those relying on standpipes, rivers, or boreholes. In Ethi-
opia, Tarfasa and Brouwer (2013) reported that households would pay 80% more for
improvements in water supply, with women and low-income groups prioritising quality.
In urban areas, Dauda et al. (2015a) identified tap water quality as the main WTP driver
in Nigeria, with higher education increasing WTP. Ochungo et al. examined preferences
for a water quality tracking system in Nairobi, Kenya, to address unreliable supply from
vendors during shortages. The study found that residents favoured a community-man-
aged system, with men showing stronger support.
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In this study, we designed a DCE, to elicit household preferences in the informal settle-
ment towards different scenarios of improved water supply services at varying costs.
The process of designing a DCE to understand community preferences for improved
water supply services involved four main steps:

1. Workshops with local stakeholders: that represent the key characteristics of
water service improvements, based on the community's concerns and priorities

2. CE statistical design: choice cards and attribute levels through an experimental
design, where selected combinations of attributes and their levels are presented
for respondents to choose from.

3. Piloting during the soft launch of the survey and monitoring whether the choice
cards are understood, are relevant, and respondents can make informed and
meaningful choices (see Section 3.3.3).

4. Data collection by means of the door-to-door approach using trained research
assistants (see Section 3.3.3).

(1) Based on previous research of Wambui and Koyaro (2024), community members
highlighted the need for better water infrastructure, with many expressing concerns
about aging and damaged pipelines that are often illegally tapped, leading to contam-
ination with sewage and poor water quality. This has directed us in focusing on the
options of water quality improvement. Stakeholder consultation by means of work-
shops in February 2025 that included local researchers and residents of the informal
settlement was conducted to understand the needs of the local community. Several
types of alternative interventions were discussed, including an improved piping system
to enhance water accessibility and reduce contamination, donation of water storage
tanks, provision of water treatment reagents, and efforts to reduce or eliminate water
rationing. Based on local expertise and previous research, the improved water piping
system to the water kiosk was selected as the hypothetical intervention for our DCE,
alternative to the current situation of water supply to a water kiosk. The workshop par-
ticipants emphasised the importance of investing in new pipelines and repairing exist-
ing water points, besides educating residents on water safety measures, and stricter
regulations for waste disposal to improve water quality in informal settlements.

Workshops with local stakeholders were also used to identify key attributes relevant
to water service improvements. They served to assess the relevance of the initially
suggested attributes (Water Quality, Water Interruption, Time Savings, Work perfor-
mance and Cost of Water) and identify any missing or unclear ones. As a result, Work
Performance attribute was removed due to its lack of relevance and unclear under-
standing. Four key attributes emerged as most relevant and were refined. Water Quality
attribute was specified to refer to quality at the point of water collection rather than
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consumption. Although household handling practices like storage duration and water
treatment are important, this study focused on a hypothetical infrastructure interven-
tion aimed at improving water supply to the informal settlement through water quality
at the water kiosk/point. To improve clarity, Time Savings attribute was replaced with
Water Pressure attribute to better link it to the infrastructure intervention and specify
how time savings would occur. Water Interruption attribute was changed to Water Sup-
ply Frequency attribute for simplicity. These revisions ensured that the attributes were

more precise, contextually relevant, and directly tied to the intended intervention.

Table 3-2: Attributes, definitions, and levels used in the discrete choice experiment.

Attribute Definition Levels
Water Number of days unchanged
supply per week that wa- | + 1 day/ week
frequency | teris available + 2 day/ week
+ 3 days/ week
Perceived | Water quality re- | Uncertain: water quality varies, impacted by con-
water fers to whether tamination in the piping system
quality at | the drinking water | Stable, Non-satisfactory: “Poor quality tap water
kiosk is perceived as that needs treatment before consumption”
safe and clean Stable, Satisfactory: “fairly good tap water, but
for use. treatment is highly recommended to make it
safer for consumption”
Stable, Very good: “High quality for human con-
sumption”, the water is “free from pollutants”,
“odourless, tasteless, colourless, and directly
drinkable from the tap without any need for fur-
ther treatment” (Dauda et al., 2015: 254, 256)
Water Tap water pres- Variable
pressure sure refers to the | Stable, weak
pressure with Stable, medium
which the water | Stable, strong
gushes out of the
tap.
Water This represents Ksh 5 per jerrycan
cost the costs of a 20- | Ksh 6 per jerrycan
liter jerrycan. Ksh 7 per jerrycan
Ksh 8 per jerrycan
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The final set of attributes — Water Supply Frequency, Perceived Water Quality at Kiosk,
Water Pressure, and Water Cost (Table 3-2) - reflect commonly used attributes in sim-
ilar studies (Ahsan et al., 2021; Dauda et al., 2015a; Ibrahim et al., 2019; Kanyoka et al.,
2008; Latinopoulos, 2014; Nur Syuhada et al., 2020; Rajapakshe et al., 2023; Yacob et
al., 2011), ensuring both relevance and comparability. Importance of these attributes
that characterise water quality, availability and access to informal settlement residents
was further confirmed by our FGD results (see sections 4.1, 4.3, 4.6).

(2) We opted for a labelled experiment, where participants could choose between the
current situation (the status quo, SQ) and an alternative scenario of specific water sup-
ply intervention by means of improved piping. The primary aim was to identify the most
valued relevant attributes of water services and understand the acceptable levels of
these characteristics in informal settlements, including the cost for alternative inter-
ventions. Additionally, a novel aspect of this DCE was distinguishing whether people's
choices and willingness to pay are driven by productivity-related or health-related fac-
tors.

Once the attributes were identified in the stakeholder consultation process, the next
step in designing the choice experiment was to define their levels. These levels needed
to be both realistic and meaningful in relation to how informal settlement residents
value water services (Latinopoulos, 2014). Each attribute was assigned four levels: one
representing the current situation (SQ) and three other ones reflecting the improve-
ments associated with the hypothetical intervention. This was done in consultation
with the local researchers (APHRC) and their knowledge of the local conditions. The
water cost attribute was specified per 20L jerrycan rather than per month, as respond-
ents considered monthly prices too high and per-jerrycan pricing better reflected typi-
cal payment practices in the study area (Table 3-2).

After identifying the attributes and their levels, a set of choice cards was created, each
containing one hypothetical water supply intervention and the status quo. Since a full-
factorial design would generate 256 possible combinations, a subset was selected to
simplify the choice process. For that, we applied a fractional orthogonal design, using
orthogonal arrays which ensures statistical independence between attributes and bal-
ances the levels of each attribute. Such approach is commonly used in DCEs with a
small number of attributes and levels (Szinay et al., 2021). This resulted in 12 choice
cards (see Figure 3-3 for an example). To avoid response burden, each respondent was
shown a randomly selected set of six choice cards.
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Figure 3-3: Example of a choice card used in the choice experiment.

. Improved
Attribute Water Piping System No Improvement
Water Supply +1 +0
Frequency
+ 1 day/ week Unchanged
=
Perceived Water =z
Quality at Kiosk E
Non-satisfactory Uncertain
Water Pressure \ D%
0 ]
Weak Variable
Water Cost /{,J VLY (‘{wg
Ksh7 Ksh 5

Your choice I:l D

We opted for a labelled experiment, where participants choose between the current
situation (the status quo) and an alternative scenario of specific water supply interven-
tion by means of improved piping. The primary aim was to identify the most valued
relevant attributes of water services and understand the acceptable levels of these
characteristics in informal settlements, including the cost for alternative interventions.

Additionally, a novel aspect of this DCE was testing whether people's choices and will-
ingness to pay are driven by productivity-related or health-related factors. To examine
whether residents’ choices and willingness to pay are influenced more by productivity-
related or health-related benefits, the sample was divided into two subgroups. One re-
ceived choice cards linking attributes to health and well-being outcomes, while the
other received cards linking attributes to productivity outcomes (Table 3-3). This de-
sign allowed us to test whether attributes framing influenced participants’ preferences,
their willingness to pay, or how they made trade-offs between different attributes. Par-
ticipants were unaware of the health versus productivity framing and their subgroup
allocation.
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Table 3-3: Attributes used in the choice experiment, presented with either health ben-
efits framing or productivity benefits framing to examine how different framings influ-

ence participants’ preferences and willingness to pay.

Attribute

Health benefits framing

Productivity benefits framing

This refers to the number of days | This refers to the number of days
water is available each week. water is available each week. If
Limited access to drinking water | water is available on fewer days,
can cause dehydration, which your household may spend more
can pose serious health risks. time collecting water and waiting
When water supply is unreliable, | in queues. It also reduces your
Water , e
Supply your household may need to household s flexibility in choos-
Frequency store |t,' but unsgfe storagg can ing when to c.ollgt?t vyater. More
attract insects like mosquitoes frequent availability improves
that spread diseases. A lack of convenience, reduces waiting
water also makes it harder to times, and frees up time for
maintain hygiene and proper other activities like work, school,
sanitation, increasing the risk of | or household tasks.
iliness.
Water quality refers to whether Water quality refers to whether
the drinking water is safe and the drinking water is safe and
clean for use, or whether it re- clean for use. Poor water quality
quires treatment. Contaminated | can make your household mem-
Perceived | tap water can pose serious bers sick, leading to missed days
Water health risks, including diarrhoea, | from work or school. lllness can
Quality at | cholera, and other waterborne also cause financial strain due to
Kiosk diseases caused by bacteria, vi- | lost income or spending on
ruses, or parasites. Proper treat- | healthcare. Additionally, poor
ment can reduce these risks, but | health can make it harder to fo-
it requires time, extra money, and | cus or complete everyday chores
effort. or other commitments.
Tap water pressure refers to the | Tap water pressure refers to the
pressure with which the water pressure with which the water
gushes out of the tap. gushes out of the tap. Water
Water pressure affects how quickly wa-
Pressure ter can be collected. Weak water
pressure means it takes longer
to fill containers, which can lead
to longer queuing times and
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more time spent fetching water.
It can interfere with your house-
hold's ability to work, attend
school or fulfil other commit-
ments.

This represents how much you This represents how much you
would pay for a 20-liter jerrycan. | would pay for a 20-liter jerrycan.

Water Cost

(3) To ensure the quality of the final CE design in terms of CE understandability and
relevance to make informed choices, we have opted for a data collection with a “soft
launch” as a pilot stage where first responses were monitored and were considered
well spread between the two options. Besides, there were no comments that needed
to be addressed by the research assistants who were collecting data. Together with
the extended exploratory phase of stakeholder consultations and aligning results from
the focus group discussions, this stage replaced a more formal CE piloting.

3.3 Data Collection

Data collection involved three research assistants who 1) had experience in collecting
data in the two study sites; 2) an understanding of the study communities; and 3) flu-
ency in the local language (Swahili). Prior to data collection, project team members
engaged the research assistants in a four-day training of the FGD guide and the survey
tool. Training covered the study’s objectives, design, research methods and tools, eth-
ical considerations, and fieldwork procedures. After training, the survey tool was pre-
tested and revised incorporating feedback from the project and field teams.

Additionally, a three-day training on the discrete choice experiment (DCE) was con-
ducted, followed by a four-day piloting of the labelled DCE in in the informal settle-
ments. Pilot findings were reviewed and adjustments to attributes and levels made to
improve relevance (see Section 3.2.3) before implementing the DCE.

All tools were translated from English into Swahili by a professional translator and val-
idated by the research assistants to ensure accuracy of the translation and cultural
appropriateness. Data collectors had access to the translated Swabhili tools as well as
the original English versions, depending on participant preference.

Data collection took place from January to May 2025. In Korogocho, the process began
with focus group discussions (FGDs), followed by the household survey, which in-
cluded the DCE. Before fieldwork in Jericho and Harambee, a one-day refresher training
was conducted on the FGD guide and survey. In these sites, data collection started
with FGDs and was followed by the household survey, which did not include the DCE.
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3.3.1 Focus group discussions

To collect qualitative data through focus group discussions, the researchers teamed
up with Community Health Promoters (CHPs) at the village level. This collaboration
facilitated community entry through pre-established trust and networks, while account-
ing for spatial distribution of households in the study areas, and aligning with prede-
termined disaggregation groups (female versus male, younger versus older adults),
and resulted in the mobilisation and recruitment for involvement in FGDs.

Eight FDGs were held in Swahili, four per settlement (men 18-49, women 18-49, men
50+, women 50+). They took place at a central location (partner site office), with one
session at a time to ensure participants were comfortable to contribute. Groups aver-
aged eight participants, lasted 60-90 minutes, and followed a common protocol (Ap-
pendix A1.1) and procedure. Each was audio-recorded, with written notes taken simul-
taneously.

3.3.2 Household survey

For the survey, we employed a random sampling approach in both formal and informal
settlements. In Korogocho ward, three villages were randomly selected (Grogan A,
Korogocho B, Kisumu Ndogo). In Harambee ward, two neighbourhoods were included
(Jericho Lumumba and Harambee estates). Conversations with local representatives
revealed informal developments in parts of Jericho Lumumba with makeshift housing
emerging. In some sections, households have altered the original spatial plan by add-
ing structures, partly to generate rental income, but also to close open spaces and
improve security. Therefore, to preserve the formal-informal comparison, three sec-
tions of Jericho Lumumba (AA, AB, and AC) were purposively selected as the formal
study sites. These subsections include surrounding green spaces, have retained their
original structural designs, and predominantly consist of single-story houses, each ac-
commodating a single household.

Households were randomly selected from updated lists provided by Community Health
officials. Based on prior research conducted in low—income urban areas, where ap-
proximately 57% of households connected to public or community water systems were
found to be water insecure using the 12-item HWISE Scale (Jepson et al., 2021), we
estimated a required sample size of 538 households to achieve 80% power (a = 0.05)
for detecting a 10% difference between sites (Wang & Chow, 2007). Allowing for a 20%
non-response rate, this was increased to 646 households to determine selection inter-
vals. Two-thirds of the sample was allocated to Korogocho (2,977 households across
three villages; every 6th household selected) and one-third to Harambee ward (every
3 household). Higher-than-expected non-response resulted in a final sample of 545
households.
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Data were collected on tablets using SurveyCTO, uploaded daily to a central server, and
checked daily for quality and completeness. GPS coordinates of each household and
its corresponding sanitation facility were also recorded using SurveyCTO.

3.3.3 Discrete Choice Experiment

Prior to data collection, data collectors underwent a three-day training to ensure a con-
sistent understanding of the DCE design and implementation. In Korogocho, the DCE
was conducted alongside the household survey in SurveyCTO to triangulate data on
life satisfaction, WASH conditions, experiences of water insecurity, and demographics.
Respondents were randomly assigned to one of two framing conditions — productivity
or health benefits (see Section 3.2.3), and received six randomly selected choice cards.
Following the DCE, respondents answered follow-up questions using a 1->5 Likert scale
to assess the difficulty of the exercise and identify which attributes influenced their
choices, helping to validate comprehension and detect potential biases in their choices
(Hosking et al., 2014).

The DCE was not conducted in the formal settlements due to significant differences in
attributes and levels between the sites. For example, water cost levels in the formal
settlement would not be comparable to those in the informal settlement.

3.4 Data analysis

Impacts of water (in)security on well-being and productivity growth were analysed
based on the Sustainable Livelihood Framework to identify the enablers and barriers
to health, well-being, and productivity by taking into account human, social, physical,
natural, and financial capital.

This report primarily draws on FGDs, through which we aimed to fully understand the
complexities of residents’ water, sanitation, and flooding challenges, perceptions, and
lived experiences, including links and associations between issues that are often
missed by standardised questions and limiting answer options (Wong, 2008). The
household survey complements these in-depth insights by indicating how widespread
the challenges and perceptions raised in FGDs are within and across settlements.

3.4.1 Focus group discussions

Recordings from FGDs were transcribed verbatim via Microsoft Word, checked to en-
sure that they have been correctly transcribed and translated into English. Multiple re-
searchers read the translated transcripts to develop an initial coding framework in-
formed by our theories used related to water insecurity, sanitation, well-being and
productivity growth, and the interview guide, and then expanded it with emergent
themes. This framework was reviewed and agreed upon by the research team. Emerg-
ing codes were merged into themes aligned with the interview guide and research
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objectives. The analysis was then reviewed by a subset of researchers to ensure con-
sistency, adequacy, and completeness.

During the presentation of the results, the themes were presented and supported by
quotations from the transcripts. Results are presented with supporting quotations,
contrasting formal and informal settlements, as well as differences by gender and age,
with emphasis on the most disadvantaged groups, and complemented by quantitative
findings. Participants are cited using identifiers that indicate settlement type (I = infor-
mal, F = formal), age group (Y = younger, O = older), gender (M = male, F = female), and
participant number.

3.4.2 Household survey

The Personal Wellbeing Index (PWI) composite score was calculated by averaging re-
sponses across seven domains (Standard of Living, Health, Achieving in Life, Relation-
ships, Safety, Community, and Future Security). Raw data were first checked for re-
sponse sets; patterns where respondents select the same option across all items,
which can arise from misunderstanding or acquiescence, a tendency for respondents
to agree with statements regardless of their true feelings. Such response sets were set
to missing to avoid bias in the composite score (resulting in exclusion of two individu-
als). Only cases with complete data for all seven domains were included (no individu-
als had missing data). The final PWI score for each individual was obtained by sum-
ming their scores on all domains and dividing by seven, resulting in a score ranging
from the lowest to highest perceived subjective wellbeing (International Wellbeing
Group, 2013b).

The SanQolL index was calculated by assigning level-specific weights to five sanitation-
related quality-of-life dimensions (Disgust, Health, Privacy, Safety, and Shame), follow-
ing the recommended weighting procedures based on a discrete choice experiment
(DCE) conducted in Mozambique (Katana et al., 2025). Each respondent’s reported
level for each SanQoL dimension was mapped to the corresponding DCE-derived
weight, and the weighted values were summed to generate the SanQoL index. The re-
sulting index was scaled to range from 0 to 1, where 0 indicates “no sanitation capa-
bility” and one represents “full sanitation capability,” reflecting overall perceived sani-
tation-related quality of life (Ross, Greco, Opondo, et al., 2022).

Household Water Insecurity Experiences (HWISE) score was calculated by summing
responses to all 12 items (Worry, Interrupt, Clothes, Plans, Food, Hands, Body, Drink,
Angry, Sleep, None, Shame). Each item was scored on a four-point scale: ‘never’ (0),
‘rarely’ (1), ‘'sometimes’ (2), ‘often’ (3), and ‘always’ giving a total HWISE score range of
0-36, where higher scores reflecting more severe household water insecurity. Scores
were calculated only for households with complete responses to all 12 items (Young
et al,, 2019). In this dataset, no households were excluded due to missing responses,
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but 69 respondents were excluded due to response set patterns. A threshold HWISE
score of 12 was used to classify households as water insecure, corresponding to a
household experiencing half of the HWISE items “sometimes” over the preceding four
weeks (Young et al., 2019). HWISE sub-scores were generated following previous ap-
proaches (W. E. Jepson et al., 2021), but here they reflect pathways identified in focus
group discussions, capturing how household water insecurity affects health, mental
and emotional well-being, and productivity. The sub-scores included Disruption & Worry
(None, Interrupt, Worry), Hygiene & Dignity (Plans, Body, Hands, Clothes, Shame), and
Nutritional Use (Food, Drink).

Survey data were analysed descriptively to profile and compare water insecurity, lived
experiences, well-being and productivity in informal and formal settlements. Percent-
ages and means were calculated, and visualisations generated with Python 3.12.9,
specifically the Matplotlib (Hunter, 2007) and Seaborn (Waskom, 2021) packages.

For comparisons between two groups (e.g. informal versus formal settlements), the
non-parametric Mann-Whitney U test (scipy.stats.mannwhitneyu) was used when dis-
tributions deviated from normality (p < 0.05). For comparisons between more than two
groups (e.g. water (in)secure households in informal versus formal settlements), dis-
tributions within the four groups (Informal/Formal x Water Insecure/Secure) were first
tested for normality using the Shapiro-Wilk test (scipy.stats.shapiro) and for variance
homogeneity using Levene's test (scipy.stats.levene). As assumptions of normality and
equal variances were not met, the non-parametric Kruskal-Wallis test (scipy.stats.krus-
kal) was applied. For significant overall effects (p < 0.05), pairwise post-hoc compari-
sons were performed using Dunn's test with Holm adjustment
(scikit_posthocs.posthoc_dunn). Group means * 95% confidence intervals are reported,
and statistically significant pairwise differences are indicated on the plots. Analyses
were conducted in Python with the scipy.stats (Virtanen et al., 2020) and scikit-
posthocs (Terpilowski, 2019) packages.

Spearman rank correlation coefficients were calculated to examine the associations
between water insecurity experiences (HWISE), sanitation-related quality of life
(SanQol) or flood affectedness with well-being (PWI) and productivity. Holm-Bonfer-
roni correction was applied to account for multiple comparisons. A confidence level of
95% (a = 0.05) was used, and only statistically significant correlations are reported in
the results. Analyses were conducted in Python 3, using SciPy (scipy.stats.spearmanr)
(Virtanen et al., 2020) and Statsmodels (statsmodels.stats.multitest. multipletests)
(Seabold & Perktold, 2010). For significant relationships, mean well-being and produc-
tivity outcomes are presented by SanQoL response category (Always, Sometimes,
Never).
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Apart from analysing the quantitative survey data, an exploratory spatial analysis was
conducted using household locations of respondents to visualise the spatial distribu-
tion of HWISE score, SanQoL index, and flooding across and within informal and formal
settlements (Box 1).

Box 1 Methodological process of exploratory spatial analysis

In addition to the described methods, an exploratory spatial analysis was conducted
using household locations of respondents collected through the survey. QGIS was
used for the analysis. A 10 m? hexagonal grid was created to cover both informal
and informal settlements, with cell size approximating the footprint of individual
households in densely populated areas. Household data were spatially joined to the
hexagons, and aggregation resulted in 444 hexagonal units from 539 households.
Most hexagons contained a single household (83%), 14% contained two house-
holds, 2% contained three households, and 1% contained four households.

Within each 10 m? area, statistical summaries were calculated, including household
counts and average values for water insecurity (HWISE scores, 0—36; Young et al.,
2019) and sanitation-related quality of life (SanQoL index, 0-1; Ross, Greco, Opondo,
et al., 2022). To outline details, household water insecurity was aggregated from
472 households into 391 hexagons, with average HWISE scores ranging from 1 (wa-
ter secure) to 34 (highly water insecure). The SanQoL index was aggregated from
539 households into 444 hexagons, ranging from 0 (low, no sanitation capability) to
1 (high, full sanitation capability). Flooding experiences were aggregated from 539
households into 444 hexagons, categorized as ‘Yes, ‘No,’ or ‘Mixed’ based on house-
hold responses within each hexagon. Mixed means that both responses "Yes" and
"No" were present within the 10 m2 area.

To explore spatial distribution of compound challenges, three household-level indi-
cators were converted into binary values: water insecurity (HWISE score >12), poor
sanitation-related quality of life (SanQoL index <0.667), and reported flooding expe-
rience ('Yes’ and ‘Mixed’ vs 'No'). These were summed within each hexagon to reflect
the number of concurrent challenges. For this part of the analysis, data from 439
households were aggregated into 391 hexagons. Each hexagon was assigned a
value from 0 to 3, where 0 indicates no challenges, 1 indicates a low extent of com-
pound challenges, 2 indicates a moderate extent, and 3 indicates all three chal-
lenges present.
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3.4.3 Discrete Choice Experiment

Discrete choice modelling rest on the random utility theory (McFadden, 1980). It as-
sumes that for individual i, the utility of, or satisfaction with, a choice situation is ex-
pressed as:

Uit = Viiet €ig,
where Uy is the total unobserved utility of respondent i for alternative j in a choice set
t; Vi is the observed utility of respondent i for alternative j in a choice set t; €jt is the
random component, capturing unobserved variation in preferences. RUT assumes that

the decision rule is taken so that alternative j is chosen if, and only if, Uj: > Ui for all
other alternatives k#j.

Because choice sets are predesigned by the researcher, and are relevant to the re-
spondents in making informed choices, utility function can be rewritten so that an in-
dividual i faces a choice among j alternatives described as a linear function of choice
attributes:

Uit = B-Xiit + y-Zi + €ij,

where Xjit is a vector of observed attributes of alternative j in a choice set t; B-is a vector
of taste parameters that are assumed to be fixed across all individuals (standard mul-
tinomial logit) or individual-specific taste parameters, assumed to vary randomly
across individuals according to specified probability distributions (in mixed logit mod-
els); Z; are individual-level covariates (e.g. treatment group, demographics), which re-
veal observed taste heterogeneity and may enter as interactions with the ASC or with
alternative attributes; y is a vector of parameters for individual-level variables; gj: is a
stochastic error, assumed independently identically distributed (i.i.d.) extreme value
type | (idem). Specifications of estimated models and reported in this paper are as
follows:

Model 1: Ujt = ASCsq + B1-Frequencyii + B2-Qualityji + Bs-Pressurejit + B4-Costjt + i,

Model 2: Ujt = ASCsq + Bi-Frequencyj: + B2-Qualityj: + Bs-Pressurej: + Bs-Costj +
+ y-Treatmenti+ g,

Model 3: Ujt = ASCsq + Bi-Frequencyj: + B2-Quality;j: + Bs-Pressureji + BaCostjr +
+ y1-Gender; + y2'Hsh sizei + ysN children; + ys-Education; + ys-Residence; +
+ Eijt,

Where Model 1 presents a baseline specification of attribute-only model that includes
DCE attributes and a constant (alternative-specific constant, ASC) that controls for the
inherent choice of the SQ alternative. Model 2 builds on Model 1, and extends it by
adding an interaction between the treatment type (health or productivity phrasing of
attributes) and the ASCsq to test for the presence of differences in taste that can be
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attributes to the DCE treatment. Model 3 also builds on Model 1, and extends it by
adding socio-economic covariates that control for taste heterogeneity by specific re-
spondent characteristic. We included covariates that were measured in our survey,
which are: gender of the household head, household size, number of children in the
household, education level of the respondent and number of years of residence in the
informal settlement. These covariates were also interacted with ASCsq to test for the
presence of differences in taste that can be attributes to the observed individual char-
acteristics.

The mixed logit model (MXL), also known as the random parameters logit, is an exten-
sion of the standard multinomial logit that relaxes the independence of irrelevant al-
ternatives assumption and allows for preference heterogeneity across respondents. In
this way, an MXL model accounts for the panel data structure which is stipulated by
the fact that each respondent makes multiple choices, and therefore individual prefer-
ences vary across respondents (for their corresponding choices) rather than across all
choice sets in the dataset. In the MXL model, the taste parameters B; are assumed to
vary randomly across individuals rather than being fixed. This is written as: Bi~f(8/8),
where f(8/6) is a mixing distribution with parameters 6 like mean, variance, and covar-
iance. When we assume a normal distribution, this becomes: B; ~N(u,2). Normal distri-
bution is useful when underlying preferences may be either positive or negative, which
is the case with preferences for our choice attributes of water quality, frequency, and
pressure. For a given draw of B (we use a range of 500-10,000 Halton draws in our
estimations), the conditional logit probability P of choosing alternative j is estimated
using simulated maximum likelihood:

Pijt(B)=eXp(B'Xijt) / Yk k=1 eXP(B'Xijt)-

Because the cost attribute enters the utility function, the ratio of any attribute’s coeffi-
cient to the absolute value of the cost coefficient converts that attribute into “cost
units.” This ratio is the standard willingness-to-pay (WTP), or a ‘shadow price’ measure
for each k coefficient in a logit model: MWTP = B« / | Bcost|. To perform statistical anal-
yses we use RStudio 2025.05.1 (2009-2025 Posit Software, PBC). Estimation results
of Models 1-3 are reported in section 6.

3.5 Resulting study population

A total of 33 participants took part in the focus group discussions in the informal set-
tlement and 32 in the formal settlement (Table 3-4 A). 545 households participated in
the household survey (368 in informal; 177 in formal). Survey respondents in both set-
tlements were mainly long-term residents and renters, with comparable household
sizes and compositions. Women were more often respondents. About half of respond-
ents were household heads, more frequently so in the informal settlement. Household
heads in the formal settlement were predominantly male, whereas over one-third in the
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informal settlement were female. Educational attainment differed notably. About half
of informal settlement respondents had only basic primary schooling, whereas two-
thirds in the formal settlement had attended college or university. Income in the infor-
mal settlement was derived mainly from informal work, self-employment, or mixed
sources, whereas in the formal settlement over one-third were formally employed and
about one-quarter each self-employed or relying on mixed sources. Financial hardship
was markedly higher in the informal settlement. Nearly half reported “just about getting
by”, and another half found it difficult or very difficult. In the formal settlement, fewer
than 15% faced such difficulties, while almost half reported “doing alright” or “living
comfortably” (Table 3-4 B).

Table 3-4: Socio-economic characteristics of focus group participants (A) and house-
hold survey respondents (B).
A: Focus group participants

Age, Villages/ Participant IDs
SRS | e gender f Neighbourhoods
Men Grogran A (n = 6) I-YM-1 to I-YM-3 & |-
I-YM 18-49 9 YM-7 to I-YM-9
Kisumu Ndogo (n = 3) | I-YM-4 to I-YM-6
Grogran A (n=1) [-OM-8
-OM Men 8 Kisumu Ndogo (n = 6) | I-OM-1 to I-OM-5 & I-
50+ KorogochoB (n=1) | OM-7
I-OM-6
miome Wome Grogran A (n =2) :i: :\\;Eg I'YF-4, I
I-YF n18- | 8 | Kisumu Ndogo (n = 4) ' ’ '
49 Korogocho B (n = 2) YF6
I-YF-2, I-YF-5
Grogan A (n=1) [-OF-7
-OF Wome 8 Kisumu Ndogo (n = 4) | I-OF-1, I-OF-2, I-OF-4, I-
n 50+ OF-6
Korogocho B (n=3) | I-OF-3, I-OF-5, I-OF-8
F-YM :"86_” 4o |8 | Jericho Lumumba | F-YM-1 to F-YM-8
Men .
F-OM 50+ 9 | Jericho Lumumba F-OM-1 to F-OM-9
formal Wome
F-YF | n18- |8 | Harambee Estate F-YF-1 to F-YF-8
49
Wome
F-OF N 50+ 7 | Harambee Estate F-OF-1 to F-OF-7
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B: Household survey participants

Informal settlement Formal settlement

Percentage Mean Percentage Mean
(min, max) (min, max)

Living situation
Years of residence 12 (0, 60) 15 (0, 75)
Occupancy status
Owner paid off 9.5 5.1
Renter 84.5 944
Free of charge by em- 5.7
ployer/ relative 0.3
Rent-free
Respondent characteris-
tics
Gender
Male 20.7 33.3
Female 77.7 64.4
Unknown 1.6 2.3
Is household head 56.8 41.2
Household head charac-
teristics
Gender
Male 59.2 78.1
Female 40.8 21.9
Prefer not to say
Age (years) 45 (19, 80) 46 (21, 85)
Education
Not attended school 5.7 0.6
Basic primary educa- 51.6 1.7
tion
Secondary education 35.9 29.9
Vocational training 0.5 0.6
College/ Uni 6.3 67.2
Years in education 5(1,8) 4(1,8)
Household composition
Household size 4(1,13) 5(,11)
Number of children 2(0,11) 2(0,7)
Has members under 18 80.7 75.7
years
Has members over 60 16.6 15.8
years
Has disabled members 6.8 5.1
Page 55 of 261

WISER - 101094546
D4.3 —The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



Sources of income

Finding it very difficult

Formally employed 2.7 36.7
Informally employed 48.1 10.7
Self-employed 25.8 249
Mixed sources 21.2 26.6
Support-based income 1.4 -
None 0.8 1.1
Perceived financial situa-

tion 0.8 14.1
Living comfortably 2.2 29.9
Doing alright 46.7 41.8
Just about getting by 29.6 11.3
Finding it quite difficult 20.7 2.3
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4 Water insecurity and lived experiences in
formal and informal settlements through
the lens of the Human Right to Water

Water insecurity affects 63% of Kenyans, mainly in terms of affordability and suffi-
ciency, with clear disparities by residence, housing type, and socio-economic status
(Njoroge et al., 2024). In Nairobi, over half of the population lives in informal settle-
ments, where most households rely on costly private water providers (Joshi et al., 2023).

The Human Right to Water (HRtW) was formally recognised by the United Nations Gen-
eral Assembly in 2010 (United Nations, 2015a), and reinforced in the 2030 Agenda for
Sustainable Development through SDG 6, which aims to ensure availability and sustain-
able management of water and sanitation for all (United Nations, 2015b). The normative
content of the HRtW emphasises five key criteria — availability, accessibility, quality
and safety, affordability, and acceptability — alongside cross-cutting principles of eg-
uity and non-discrimination (UN Economic and Social Council, 2003). These criteria
offer a lens for evaluating whether water services meet the needs of all, particularly
marginalised populations.

This chapter provides a comparative analysis of water insecurity in Nairobi’s formal
and informal settlements, identifies the multifaceted factors contributing to water in-
security — including residents’ perceptions of underlying causes and seasonal variabil-
ity — and examines associated lived experiences and coping strategies. Unlike most
studies focusing exclusively on informal settlements, it highlights disparities and com-
monalities in water insecurity across both settlement types, shedding light on the flu-
idity between informality and formality. By combining focus group discussions with a
household survey, this chapter integrates quantitative indicators with residents’ narra-
tives and applies the normative content of the HRtW to assess drinking water availa-
bility, accessibility, quality and safety, affordability, and acceptability, producing holis-
tic, context-specific insights to inform more equitable urban planning and policy.

The following research questions will be addressed:

1. Hasthe Human Right to Water been realised in formal and informal settlements
in Nairobi, Kenya, and how do experiences vary by settlement type, gender, and
age?

2. How do drinking water service levels in formal and informal urban settlements
of Nairobi compare against national, urban, and rural coverage in Kenya and
other countries in West and East Africa?
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3. How do lived water insecurity experiences compare across formal and informal
settlements?

4. How do residents cope with water insecurity in formal and informal settle-
ments?

5. What are the perceived underlying causes and challenges driving water insecu-
rity and service interruptions in formal and informal settlements?

4.1 Availability, accessibility, quality and safety of piped drinking water
4.1.1 Availability, quantity, and reliability

Across settlements, piped water is the main source for most households. In informal
settlements, almost half reported accessing it in the dwelling, yard, or plot, while others
indicated using kiosks, public taps, or piped water from a neighbour. In formal settle-
ments, piped water to the dwelling, yard, or plot remained the most commonly reported
source, though some households noted primarily using rainwater, bottled, or delivered
water from carts with small tanks (Table 4-1).

The HRtW emphasises that the “water supply for each person must be sufficient and
continuous for personal and domestic uses” — including drinking, food preparation,
sanitation and hygiene — meaning that water should be delivered regularly and in suf-
ficient quantity to meet everyday household needs (UN Economic and Social Council,
2003: 4). In Nairobi's formal settlements and, to a lesser extent, in informal settle-
ments, basic services are available to most households, but the quantity and reliability
of piped water remain limited (Table 4-2).

Persistent supply interruptions and resulting water shortages affect both informal and
formal settlements, with water typically available only from Friday to Sunday or Mon-
day morning, and occasional weekday supply in formal settlements. Residents across
settlements, genders, and ages described this as a major challenge: “Water is problem-
atic in Korogocho. People do not get enough water” (I-OF-2); “water is troublesome” (F-
YM-6); “we are not supposed to live in Nairobi in such a situation” (F-OM-1).

Across settlements, ages and genders, residents noted that water interruptions are not
only frequent but also occur unpredictably, adding to the challenge of accessing water:
Across settlements, residents described water supply as irregular and unpredictable,
sometimes lasting only part of the day or remaining unavailable even when expected,
leaving some feeling they “only get the water by luck” (I-FOM-1).

Page 58 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



Table 4-1: Main water sources, their distance to households, the time required for each
water collection trip, water collection responsibilities, and support received during wa-
ter shortage in informal and formal settlements, based on household survey data col-
lected in March-May 2025 in Korogocho (n = 368) and Jericho Lumumba and Haram-
bee (n = 177), reported in % of respondents per response option.

Informal Formal
(n=368) (n=177)

Main water source

Piped into dwelling, yard or plot 48.9 42.4
Piped to neighbour 6.3 -
Public tap 17.7 6.8
Collected rainwater - 29.9
Water kiosk 27.2 10.2
Delivered water from cart with small tank - 2.8
Bottled water - 7.3
Ferried from upcountry piped water system - 0.6
Distance to main water source

In dwelling 47.8 42.3
< 50m 47.0 16.0
50m - <100m 4.9 16.0
100m- 300m 0.3 18.9
>300m - 6.9
Water collection time

<15 min 54.2 63.8
16—30 min 18.9 19.8
31-60 min 16.4 6.2
>60 min 10.6 10.2
Water collection responsibility

Adult male 8.2 20.9
Adult female 78.5 51.4
Child male 5.2 5.1
Child female 6.8 1.1
Non relative 1.4 21.5

4.1.2 Physical accessibility

The HRtW emphasises that households must have access to sufficient, safe and ac-
ceptable water within their dwelling or immediate vicinity, through facilities and ser-
vices that respect cultural, gender, age, and privacy needs without compromising phys-
ical security (UN Economic and Social Council, 2003).

In each type of settlement, about half of households reported accessing water within
their dwelling. In informal settlements, the rest indicated collecting water within 50
meters, whereas in formal settlements, households more often reported walking 100—
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300 meters or farther. In both settlements, most households collect water within 30
minutes or less, but in informal settlements a greater share reported longer collection
times. Adult women disproportionately bore the burden of water collection, particularly
in the informal settlement. In formal settlements, adult men and non-relatives contrib-
uted more, though women still carried the majority of the burden (Table 4-1).

Table 4-2: Summary of focus group discussion findings on water insecurity (January—
April 2025) from informal (Korogocho) and formal (Jericho Lumumba and Harambee)
settlements, with 65 respondents across 12 FGDs (YM = younger men, OM = older
men, YF = younger women, OF = older women), analysed in relation to the normative
content of the Human Right to Water (availability, accessibility, quality and safety, af-
fordability, and acceptability). X = topic mentioned at least once, (X) topic mentioned
indirectly.

Informal Formal
YM OM YF OF YM OM YF OF

n=9 n=8 n=8 n=8 n=8 n=9 n=8 n=7

Availability of piped drinking water
Frequent supply interruptions X X X
Unreliable timing of availability X X X
Physical accessibility of piped drinking water
Uneven access within settlements X X X X X X
Quality and safety of piped drinking water
Perceived as safe/ tasty X X X X X X
Perceived as uncertain X X X X
Perceived as unsafe X X X X X X X
Worsens after interruptions X X X X
Worsens in rainy season X X X X X
Quality and safety of alternative water sources
Borehole water salty and unsafe X X X X
Borehole water salty but safe X X X
Vendor water quality is uncertain X X X X
Rainwater for non-consumptive use X X X
Affordability
Consuming large share of income X X X X
Trade-offs with other basic needs X X
Higher costs during shortages X X X
Cost of water collection X X
Higher costs of alternative sources X X X
Cost of treatment X X X
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Acceptability and lived experiences

Time burden of collection X X

Inconvenient timing of availability X X X
Health & well-being impacts X X X X X
Conflicts X X X X X x X)) (x
Accountability: Water shortage and service interruptions

Population growth X X
Broken & ageing infrastructure X X X X X X X
Governance challenges & inaction X X

lllegal connections to water supply X X X

Low water pressure & water pumps X X X X
Absence of monitoring & enforce- y

ment

Vending cartels X

Accountability: Poor piped water quality

Water provider seen as responsible | x X

Community practices X

Broken pipes X X X X X X X X

Within each settlement, access to water was perceived as unevenly distributed (Table
4-2). In the informal settlement, a young woman explained that supply sometimes
reaches not all water points and that some previously accessible points no longer have
water (I-YF-6). In formal settlements, all groups highlighted that not all households re-
ceive piped water. Access depends on household location, with some areas consist-
ently left out of supply, proximity to main supply lines, increasing the likelihood of ac-
cess during the limited supply windows, and housing structure with upper-floor resi-
dents often missing out due to low water pressure. Some residents have not received
piped water for years: “There are people who have not received [piped] water in the past
5-10 years” (F-YM-8).

Despite intermittent, unreliable and uneven service, residents in formal settlements
still consider themselves better off than those with no water access:

“You cannot compare us with the places where people don't access water com-
pletely. [...] | would say we are a bit better because at least we receive some
amount even though it’s not sufficient.” (F-OM-7)

4.1.3 Quality and safety

The HRtW specifies that water for personal and domestic use must be safe from

health-threatening contaminants and also acceptable in colour, odour, and taste (UN

Economic and Social Council, 2003). Residents in formal and informal settlements had
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varying perceptions of the quality of piped water. Emerging topics related to cleanli-
ness and safety as well as service interruptions and seasons affecting quality (Table
4-2).

In informal settlements, views on piped water quality varied. Some older residents con-
sidered it “good because it is treated” (I-OM-4) or “not bad and cannot harm people” (I-
OM-3), while younger residents reported a “salty” and a “reddish” colour as signs of
contamination (I-YF-2, I-YF-3). In formal settlements, water was widely seen as poor or
uncertain as they “do not know whether the water is treated” (F-OF-3), sometimes “very
dirty” (F-OF-6), with unpleasant taste or odour, described as “somewhat bitter” (F-OF-2)
or having a “severe sewer smell” (F-OM-8). Some individuals considered its quality
“okay” (F-YM-2) and “tasty” (F-OM-8) as it “quenches thirst unlike borehole water”(F-OM-
4).

Across settlements, genders and age groups, there was consensus that water quality
fluctuates, with deteriorated quality typically occurring after water supply interruptions:

“If a pipe has stayed for three days without water, when the water comes, it first
washes the pipe. | mean, for two to three hours, the water is in a bad state of
quality..” (I-YM-2)

Older men were the only group not prominently addressing this issue. Particularly in
formal settlements, residents described visible signs of contamination, such as sand
or particles, that rendered the water unusable for drinking and limited its use to do-
mestic tasks like flushing toilets or cleaning surfaces. While the water might appear
cleaner over time, “even if you boil, when it settles you see dirt at the bottom” (F-YF-8),
indicating ongoing contamination. In blocks experiencing prolonged interruptions,
some residents even reported finding worms in the water:

“Immediately after rationing, water flows with sand particles. This water cannot
be used for drinking and cooking. It can only be used in the toilet or cleaning sur-
faces.” (F-OF-5)

Deterioration of water quality during the rainy season was also widely discussed and
commonly agreed upon. Residents reported noticeable visual and olfactory changes
in the water:

“Most of the time, it will look clean but if you fetch it in a white jerrycan, you will
either see that it's brown or when it settles, you will see residue at the bottom.
During the rainy season, it's usually dirty.” (F-YF-3)

Also in informal settlements, young men and older women raised concerns about wa-
ter contamination during the rainy season, particularly where leaking pipes run through
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drainage areas and allow sewage to enter. This makes the water unsafe for consump-
tion and increases the risk of illness:

“During the wet season [the quality of water is not good because] water from
the overflowing drainages penetrate into the pipes.” (I-YM-8)

4.1.4 Affordability

Affordability, or economic accessibility, means that everyone must be able to access
water and related services without financial strain. The direct and indirect costs of ac-
cessing water should not compromise other basic needs, and pricing must be equita-
ble so that low-income households are not disproportionately burdened compared to
wealthier ones (UN Economic and Social Council, 2003).

Affordability was a major concern across settlements, age groups, and genders. Lim-
ited supply and rationing have driven up prices, forcing households in both settlements,
particularly those caring for children, to spend a substantial portion of their income on
water. High costs constrain their ability to meet other essential needs, with accumu-
lated pending water bills further increasing financial pressure. In informal settlements,
focus group participants reported diverting funds from daily essentials — including
food (skipping meals or eating outside due to lack of cooking water), hygiene products
(soap), and school needs (cleaning uniforms) — to cover water costs (Table 4-2). Sur-
vey data showed that households most often cope with financial hardship by skipping
meals or spending less on food and essentials, borrowing from social networks, and
using credit (Table 4-3, see 4.4.4).

In formal settlements, focus group participants described limited bathing, laundry, and
overall water use to manage expenses, highlighting the wide-ranging impact of unaf-
fordable water on daily life and well-being, even “the security of their life” (F-OM-9), rais-
ing the dilemma “Will you pay for water or survive?” (F-YM-7) (Table 3). Survey findings
indicated that formal-settlement households primarily reduce non-essential spending,
borrow from social networks and use savings during financial hardship, though cutting
expenses for food and essentials and skipping meals remains common (Table 4-3 see
4.4.4).

“Today I would use a lot of money for a little water. It is not enough. | do not have an
income to pay for water because I have children.” (I-OF-1)

“Whichever small that you earn, you end up spending it on water. Therefore, the
amount of water will still be small for people to get something to eat.” (F-OM-6)

Interruptions in water supply sharply increase water prices across both informal and
formal settlements. Households unable to fetch water during limited availability or
whose stored water runs out before supply is restored must purchase additional jer-
rycans, often at higher prices. In informal settlements, the cost of a 20-litre jerrican at
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the water kiosk or from water vendors could rise from the usual Kenya shilling (KES) 5
to as much as KES 50-100 during shortages (I-OM-4, I-OM-6), sometimes with added
delivery charges (I-OM-4). In formal settlements, even where households may have
more storage capacity, interruptions still force unplanned purchases, with jerrican
prices reaching KES 30-40 (F-YF-8). Across settlements, these interruptions intensify
financial strain, particularly for households with limited storage capacity and financial
resources:

“As soon as the water supply is back after a long period of unavailability, the vendor
increases the price drastically. When it becomes available in other places, the price
drops. It causes poverty.” (I-YF-1)

“In KB we get water once per week. If you do not fetch water that Friday or Thursday,
you will be forced to dig deeper into your pocket. [...] If you do not have money and
water, you will suffer. The normal price of a 20-litre jerrican can go for up to KES 50.
The normal price at a vendor is KES 5. Sometimes it can even go for ksh.100 when
the taps run dry.” (I-OM-6)

“A big challenge arises when the Nairobi City Council water is not available because
buying becomes very expensive. You have to limit water [use] because one jerrycan
costs KES 30 or KES 40.” (F-YF-8)

“Shortage of water forces you to buy water and incur a cost you didn’t anticipate.” (F-
OF-7)

Prices also vary within communities depending on location or relationships with ven-
dors, adding to financial unpredictability:

“For a vendor that knows me, | buy it at KES 20. Apart from the KES 20, say that if you
are someone that lives upstairs, the price increases. So, the same one jerrycan, you
can even pay up to KES 70. By the time it reaches me, the cost will have increased.”
(F-OM-8)

Collecting water also comes with financial costs in informal settlements. Households
may need to invest in hiring hand carts for transport for KES 200 (I-OM-2) or hire some-
one to fetch water on their behalf when they are unavailable or unwell (I-YM-4, I-YF-2, I-
OF-3), which diverts money from other essential needs such as food. Households
sometimes send someone to fetch water only to find it unavailable, forcing additional
trips and costs

Poor water quality further undermines affordability by forcing households in both set-
tlements to spend more on safer sources (see 4.5.2), treatment, or healthcare when
waterborne diseases occur (see 4.3.3).
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4.2 Drinking water service levels in Nairobi formal and informal settle-
ments relative to national and regional contexts

To monitor and track progress towards universal access to safe drinking water under
SDG 6, the JMP classifies services by improved vs. unimproved sources and collection
time, also considering the safety of management (WHO & UNICEF, 2025). Using this
classification, we can contextualise our survey results from formal and informal urban
settlements against national, urban, and rural coverage in Kenya.

According to global estimates, at the national level, 65.6% of the population used basic
water services, 8.8% limited, 6.7% unimproved, and 18.9% surface water in 2024. In
urban areas, 88.9% used basic services and 5.1% surface water (WHO & UNICEF, 2025).
In our formal settlements, 83.6% of households used basic services and 16.4% limited
services. In our informal settlements, 73.1% used basic services and 26.9% limited
services. This suggests that drinking water service levels in urban informal settle-
ments are lower than in urban and formal settlements, but still above the national and
rural averages as per the JMP (Figure 4-1).

Figure 4-1: Drinking water service levels in Kenya by settlement category. Bars show
percentage coverage for total, rural, urban, formal settlement, and informal settlement
populations. Data for the total, rural, and urban Kenyan population (2024) were taken
from the JMP WASH Data Portal (https://washdata.org/data/household). Coverage
for formal and informal urban settlements is based on household survey data collected
in March—May 2025 in Jericho Lumumba and Harambee (n = 177) and Korogocho (n
= 368). Service levels follow JMP definitions (see Glossary).
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https://washdata.org/data/household

Among cities in Sub-Saharan Africa, Kenyan urban areas rank in the bottom 10, with
only 88.9% of Kenya's urban population accessing ‘at least basic’ drinking water ser-
vices. Only a few urban populations in East (Djibouti, Somalia, South Sudan) and West
Africa (Burkina Faso, Liberia, Niger) have lower basic service coverage than our case
study settings. Urban areas in Kenya, along with six other East African countries, have
no coverage of safely managed drinking water, in contrast to the Sub-Saharan Africa
urban average of 51.6% (Figure 4-2).

Figure 4-2: Drinking water service levels in urban areas of West Africa (left) and East
Africa (right) by country'. Bars show percentage coverage for urban populations
(2024). Data taken from the JMP WASH Data Portal
(https://washdata.org/data/household). Service levels follow JMP definitions.
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Urban Kenya has a very low coverage of limited drinking water services (3.3%) com-
pared to the Sub-Saharan Africa (SSA) urban average of 8.7%, ranking bottom 6 across
East and West African countries. Only few West African countries have lower coverage,
while some East African countries have much higher limited service coverage, high-
lighting substantial regional variation. Coverage of unimproved drinking water services
in urban Kenya according to JMP data is comparatively low with 2.66%, below the Sub-
Saharan Africa (SSA) urban average of 4.1% (Figure 4-2).

Overall, these regional patterns indicate that, although urban Kenyan populations have
high basic service coverage, they lag in safely managed services and have elevated
reliance on surface water, highlighting key gaps in urban drinking water services rela-
tive to the SSA region. In Nairobi, limited drinking water service affects a higher

1 West Africa: BEN = Benin, BFA = Burkina Faso, CPV = Cabo Verde, GMB = Gambia, GHA = Ghana, GIN = Guinea, GNB = Guinea-
Bissau, CIV = Ivory Coast, LBR = Liberia, MLI = Mali, NER = Niger, NGA = Nigeria, SEN = Senegal, SLE = Sierra Leone, TGO = Togo
East Africa: BDI = Burundi, COM = Comoros, DJI = Djibouti, ETH = Ethiopia, KEN = Kenya, RWA = Rwanda, SYC = Seychelles, SOM =
Somalia, SSD = South Sudan, UGA = Uganda, TZA = United Republic of Tanzania (African Development Bank, 2025)
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proportion of households in both formal (16.9%) and informal (26.7%) settlements
compared to the national urban average of 8.8%, indicating poorer service provision in
our study areas. Compared to East and West African urban areas, these levels place
Nairobi's informal settlements near the higher end of limited service coverage. This
highlights that, while urban Kenya generally has high basic service coverage, specific
settlements experience elevated limited service exposure (Figure 4-2).

4.3 Acceptability: Everyday lived experiences of water insecurity

Water challenges such as frequent interruptions, uneven access, and unpredictable
timing of water availability, impose financial and time burdens, shape household re-
sponsibilities, and generate tensions and conflicts around water collection.

4.3.1 Time burden of accessing water

Time burden came up in focus groups only with young and older women living in infor-
mal settlements. Survey results confirmed that adult women disproportionately bear
the burden of water collection and that access to water required more time in the in-
formal settlement (Table 4-1). Women highlighted the burden of long queues during
water collection, arising from the limited and unpredictable times when water is avail-
able:

“Sometimes you may find a long queue, with 100 jerrycans ahead. So, you will have
to wait for 3 to 4 hours before you access the water.” (I-YF-2)

Beyond the amount of time spent fetching water, the timing of collection was consid-
ered highly inconvenient. In the informal settlement, young men and women described
queuing at night to secure supply before it was cut off: “When it's opened [the supply],
you have to go for it at T am and scramble to access it” (I-YF-3). In formal settlements,
households without pumps or water tanks also had to adjust their routines to times
when pressure is higher and water is briefly accessible, often leading to sleep disrup-
tion:

“If you don't have a pump, you will have to wake up at 2 am so that you can fetch.
The supply is not consistent and the pressure cannot reach everyone’s house” (F-
YM-7); “If you do not have a tank or drum, you may fetch using lots of jerricans [...]
until late night (12-1 am)” (F-OF-5).

4.3.2 Conflicts over accessing water

Conflicts over accessing water were reported in both settlements. In informal settle-
ments, women and men across all ages described frequent conflicts at public taps.
Disputes arise over queuing and fairness, as some residents filled excessive numbers
of jerrycans, leaving others to wait for hours and ending up without water. Tensions
also emerge when individuals repeatedly refill their containers as if “he owns the water
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tap” (I-OM-5), add more jerrycans mid-queue, or try to overtake others. Such situations
lead to arguments, verbal abuse, and at times physical fights, particularly among
women but also described by older men. A young woman reported that avoiding con-
flict at crowded taps carried the risk of missing out on water if it ran out before they
returned:

“If in a queue | put my jerricans ahead of another person, the person can start
using abusive language on me. This is how conflicts begin due to water issues.”
(-OM-4)

“Sometimes you can go for water and find a queue of many people and others
fighting for the water, thus you can even get injured. So, you go back to the house
and by the time you come back, the water is unavailable.” (I-YF-3)

Noise from crowded queues and jerrycans at night were also described to disturb
nearby households, causing loss of sleep:

“When we go to fetch water, noises from the queue disturb the people from that
area and they cannot sleep, they cannot sleep due to noise from the jerricans and
people.” (I-OF-4)

Theft was another concern. An older man explained that jerrycans left unattended
could be stolen or emptied by others after payment had been made, while collectors
briefly stepped away to bring jerrycans into the house. These experiences underscored
how scarcity undermines trust, social relations, and personal security:

“Your jerrican may be stolen or the water inside removed by another person. Some-
one may come and find your jerricans filled with water and empty the water into
their jerricans while you are away taking some jerricans to your house. Keep in
mind you have already paid for the jerricans.” (I-OM-5)

In formal settlements, tensions between households with and without pumps came up
in all groups. Residents without pumps often struggle to access water, as those with
pumps draw large amounts quickly, lowering overall water pressure. This unequal ac-
cess frustrates households who receive little or no water, yet pay water bills. This une-
qual access fostered frustration, bitterness, and strained neighbourly relations,
stressed particularly by younger men and an older man. Some described feeling enmity
toward neighbours with pumps, experiencing conflicts over concurrent use during peak
supply times, being forced to stay awake at night to fetch water and as a result missing
work the following day, highlighting how income differences exacerbate water-related
stress:

“It creates enmity. Your neighbour may stop talking to you; when he sees you it
feels like he has seen an enemy.” (F-YM-6)
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“Since we have differences in income, | will be bitter with my neighbour who has a
pump. He can't pump water the whole day since water is available for only two
days; he has to give me time to fetch too. | may be forced to stay awake the whole
night so that I can fetch and miss going to work the following day while he is going
on with his activities. It brings conflicts and disagreements.” (F-YM-7)

Water insecurity also disrupted social relationships within households, particularly as
older men described conflicts over who should collect water. When supply is reinstated
on weekends, fetching duties often clash with social plans or rest, creating tension
between spouses and other household members. For example, youth may be invited
to social activities, leaving older members to fetch water instead. One older man ex-
plained that if he went out while his wife fetched water, it could create tension when
he returned late and went straight to bed. Frustration also arises when one household
member stays awake to fetch water only for others to use it the next day for washing,
making those who collected water “get so angry” and causing “fights in households”. If
the pattern repeats and the collector gets “annoyed”, they may be forced to buy expen-
sive water the following week, further exacerbating conflict (F-OM-3). Water insecurity
intensified household conflicts when the same person is repeatedly expected to fetch
water, supply interruptions or small quantities make collection difficult, and when fail-
ure to fetch or purchase water leads to further disputes (F-OM-6). These examples
highlight the intra-household strain created by limited and unpredictable access.

4.3.3 Health and well-being implications of water collection

Older women and men in both informal and formal settlements reported multiple phys-
ical, emotional, and safety-related impacts of water collection.

Water collection poses multiple physical health risks. Collecting water at night or in
adverse weather and with inadequate clothing, as mentioned in both informal and for-
mal settlements, exposes individuals to cold, increasing the risk of illnesses such as
pneumonia and associated health costs. In formal settlements, lifting and carrying jer-
rycans, particularly upstairs, was also mentioned as causing fatigue, back injuries, and
higher nutritional demands.

“When you wake up at night, you can catch a cold. A child or a woman may get
pneumonia. It will cost you a lot to treat the illness.” (I-OF-7)

“Sometimes we fetch water when it is raining or when it's very cold. If you are not
properly warmly dressed in a jacket and the water splashes onto your cloth, you
may suffer from pneumonia.” (F-OM-1)

“Lifting a jerrycan from the ground to upstairs needs energy. You need to eat a lot
of food.” (F-OM-9)

“Carrying water upstairs has caused the backs of a lot of women to break. Our
backs are not operating well due to carrying water upstairs.” (F-OF-4)
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Safety concerns were particularly pronounced in informal settlements, where caregiv-
ers feared for children, especially girls, traveling long distances and time for water due
to risks of abuse or sexual assault:

“If there is a water shortage and you have a daughter, if the girl goes a long dis-
tance to search for water, she may be gone for two hours. She may come back
pregnant. If water is close, she won't go away.” (I-OF- 4)

Sleep disruption and fatigue are widespread, as nighttime water collection prevents
adequate rest, causing physical and mental fatigue and reducing functioning at work
or school (see 5.2 and 5.3). Children woken early to fetch water are particularly af-
fected, with impacts on their daily well-being and mood, leading parents to describe
the experience as “you torture your children” (I-OF-5):

“... you woke up at 3am and finished fetching at 4am. You cannot go back to sleep
at that time because you will only bathe and go to work. Your body will be fatigued
and you will be sleepy.” (I-OF-2)

“Children suffer when | wake them up at 3am to queue for water. That child won't
be happy the whole day because didn't get enough sleep. The child’s life is af-
fected.” (I-OF-3)

Emotionally, water collection induces stress and worry, including feeling rushed to
avoid losing water, anxiety about leaving homes unattended, and the risk of theft.

“If you do not fetch water in a hurry, the water may be interrupted before you fetch.”
(I-OM-5)

“You are not at peace queueing for water as you do not know what happens to
your house.” (I-OF-4)

These findings highlight the multifaceted burdens of water collection on health, safety,
and well-being, affecting adults and children across settlement types.

4.4 Coping strategies and their affordability

Residents in both settlements cope with unreliable supply by turning to alternative
sources, switching between them, storing water during supply days, and adjusting daily
routines around interruptions. These coping strategies highlight reliance on decentral-
ised alternatives, with added financial burdens and health concerns due to uncertain
quality, while community efforts provide additional support in managing water insecu-
rity.

4.4.1 Storage of piped water when available

Households store water during supply days to manage interruptions. In informal set-
tlements, the lack of storage infrastructure, such as donated tanks, was seen as a ma-
jor constraint, while water from private tanks was often unaffordable. Storing water in
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jerrycans was another strategy feasible only for households able to afford both the
containers and extra water costs. Residents noted that having many jerrycans allows
them to purchase additional water when it is available and more affordable than during
service interruptions, though this may require extra expenses for transport, such as
hiring carts, depending on the distance to the water source.

“People don't store enough because they don't have enough jerrycans for water
storage. Also, there are places where water is sold at KES 5 per jerrycan, which is
unaffordable to some families. You buy water depending on the amount of money
that you have.” (I-YF-1)

In formal settlements, wealthier households use tanks and pumps to store water be-
yond weekends, though meeting weekday needs remains “a challenge during week-
days” (F-OM-5), leaving households to “suffer a lot” (P-OF-1). Families with children
face added pressure to ensure sufficient storage (F-YF-6).

4.4.2 Alternative water sources

In informal settlements, alternative sources include a school borehole that is generally
considered of poor quality, salty, requiring treatment, and only usable used for non-
consumptive purposes, e.g. in construction or for washing even through it “is hard wa-
ter and makes one use a lot of soap during laundry” (I-OM-6). In formal settlements,
boreholes were said to have treatment and pumping systems, providing more reliable
quality, even though residents still dislike its taste. Only one older man considered
borehole water “not clean” (F-OM-9), while younger and older men agreed that its qual-
ity remained consistent throughout the year.

“Borehole water is salty and its quality is not good.” (I-OM-4)

“Borehole water is always clean. The only problem is that it's saline. If you do laun-
dry with it, it does not lather; if you cook with it, especially tea, it has a weird taste.
That is the problem but Athi usually treats it so that by the time you access it, it's
clean. They pump it from underground.” (F-YF-3)

Water from vendors who bring water from other areas in carts, tanks, trucks, store it in
tanks, and sell by jerrycan, often at high prices (see 3.1.4) is widely used in both settle-
ments, though its quality is widely perceived was uncertain. This concern was raised
by younger men and older women in both settlements, and by younger women in for-
mal settlements, but was generally not mentioned by older men. Doubts focused on
the unknown origin of the water, the questionable cleanliness of containers, and un-
certainty about the type of treatment used, if any:

“Water delivered in jerrycans is not safe because you may not know where it is
from.” (I-YM-9)
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“We therefore buy water from cart people who do not wash their jerricans. Their
water is dirty and can’t be drunk unless you boil first” (F-YM-3).

Despite these doubts, households still purchase vendor water due to lack of alterna-
tives. In formal settlements, it is mainly reserved for non-consumptive uses:

“You cannot trust the one delivered with a cart either because you don’t know
where they get it from. They could fetch it from a sewage they perceive to be clean,
thus we cannot rely on it but on cleaning.” (F-YF-8)

In formal settlements, households reported to buy bottled water for consumptive pur-
poses while using water from water vendors with carts for cleaning and washing, cre-
ating additional expenses on top of regular water bills:

“You strain to buy and at the same time at the end of the month you pay water
bills. That is double cost. You buy drinking water because the one that you are to
use for drinking is dirty. It's an expense.” (F-YF-2)

During the rainy season, households in both informal and formal settlements harvest
rainwater as an additional water source. However, it is generally considered unsafe for
drinking due to contamination risks. In informal settlements, residents regarded cats
defecating on roofs as a source of contamination, while in formal settlements, dirty
iron sheets or asbestos roofing raised health worries, including potential cancer risks.
As a result, residents considered rainwater as a supplementary source for non-con-
sumptive, domestic use such as laundry or cleaning:

“Rainwater cannot be drunk because cats defecate on roofs. It flows into buck-
ets.” (I-OF-4).

“In rainy seasons, we mostly use the rainwater, but only for general activities.” (I-
YF-2)

“During rainy season, we harvest rain water. Our houses have asbestos, which
causes cancer. There are people who lack knowledge on asbestos and water from
asbestos. They are at more risk of contracting cancer and other related diseases
yet that's still another water that people harvest and use.” (F-OM-9)

4.4.3 Switching between water sources

Residents described combining vendor, borehole, and rainwater sources, depending on
availability, cost, and perceived quality. Women typically prioritise safer sources, such
as bottled water, for drinking and cooking, using less safe sources for laundry or clean-

ing:

“The water supply is not always something good because we don't know the
source of the water that we buy from the vendors with carts. You cannot trust it
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[..], thus you need to buy separate clean water for drinking. So, you spend more.”
(P-YF-1)

“After the rains, the water will become dirty. For now, we can only use it for laun-
dry.” (P-YM-8)

During the rainy season, piped or collected water is often used only for laundry, while
bottled water is purchased for drinking; leading to added financial burden.

4.4.4 Household water treatment practices

Water treatment is applied to mitigate risks from uncertain or poor-quality sources,
particularly during the rainy season.

Table 4-3: Household coping strategies in informal (n = 368) and formal (n = 177) set-
tlements, based on household survey data collected in March—May 2025. Coping strat-
egies include water treatment methods and reasons for not treating water, and support
received during shortages. Water treatment methods are reported as the percentage
of households using each method. Reasons for not treating water were obtained
through an open-ended question and are reported as the percentage of all reasons
mentioned; households could report multiple reasons. Support received reflects the
percentage of households reporting assistance during water shortages.

Informal Formal

Water treatment methods (n = 368) (n=177)

None 64.7 53.7

Boil 23.6 27.1

Add bleach 9.5 16.9

Stand and settle 0.3

Water filter 2.3

Other 1.9

Reasons for not treating water (n =267) (n =95)

Perceived safety 40.4 84.2

Financial constraints 23.0 5.3

Lack of supplies 10.0

Habit 7.4 5.3

No treatment plan 6.7

Energy/ Fuel constraints 5.9

Time constraints 2.2 1.1

Change in taste 1.9 1.1

Faith 0.7

Low awareness 0.4

Convenience 0.4

No reason 0.4 2.1

Other 0.7 1.1
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Support received during water shortage (n = 368) (n=177)
Water 67.1 58.2
Childcare 9.8 -
Money 3.8 -
Groceries 0.8 -
Other 2.2 -
None 29.9 41.8
Coping during financial hardship (n = 368) (n=177)
Using less water 0.3 6.2
Skipping meals 28.0 11.3
Spending less on food/essentials 16.6 19.8
Using less fuel (gas/electricity) 0.3 2.8
Spending less on non-essentials 14.1 61.0
Using savings 7.3 254
Using more credit 17.4 3.4
Borrowing from social network 52.4 31.6
Borrowing from bank 0.5 11.3
Borrowing from private lender 5.2 8.5
Working extra hours 8.2 5.6
Other 35.6 15.3
Getting food on credit 9.8 1.7
Borrowing from shops 3.3 1.6
Getting commodities on credit 3.0 6.8
Nothing/ Not applicable 2.7 2.3

In informal settlements, about one-third of households treat water, mainly by boiling or
adding bleach. In formal settlements, nearly half reported treating water — also mainly
by boiling or adding bleach (Table 4-3) — when it looks dirty, tastes unusual, or as a
precaution during the rainy season. Despite the time and effort involved, treatment was
described as part of daily life:

“During wet season, City Council water is more contaminated than during dry sea-
son. Therefore, we take precaution and treat it. For instance, | have a water filter
device, thus at no time will | drink water directly. | would rather filter the water for
four hours and use the rest in other activities.” (F-OM-7)

In formal settlements, young women highlighted that uneven knowledge among
household members can result in incorrect water treatment dosages, either too much
or too little, reducing effectiveness and posing health risks from chemical exposure or
unsafe water.

Non-treatment was common in both settlements but for different reasons. In informal
settlements, the most frequently mentioned reasons included perceived safety, cost,
lack of supplies or treatment plans, and habit. In formal settlements, non-treating
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households mainly cited perceived safety, with fewer mentions of cost, habit, taste, or
time (Table 4-3).

Yet, the associated costs still impose an economic burden and further reduce water
affordability, while the time spent on treatment is considered annoying. Expenses in-
clude purchasing treatment tablets, boiling water using fuel such as gas, or buying
clean water, all of which add to household financial strain and make it difficult for
households to accumulate savings. One resident noted that years spent on treatment
costs prevented investment in property, highlighting the long-term economic impact:

“We have dwelt on chemical treatment of water, apart from which we also treat it
physically and by boiling. If | would have used 13Kg-gas for two months, which
costs about Shs.2800; For 10 years, | have missed on a plot in Joska because of
water. Is it a lie? It has not helped us in productivity growth but denied us a plot.”
(F-OM-9)

“Sometimes there are diseases such as cholera and stomach upsets. To be cau-
tious, sometimes we incur cost in water treatment and medicine. You cannot even
save money as consistently as you would wish to.” (F-OM-5)

Additionally, residents in informal and formal settlements noted that not treating water
can lead to diseases, which impose extra healthcare costs, including hospital visits
and medication, further straining household budgets. Access to clean water directly
from the tap would save time and costs of treatment as well as healthcare costs from
unsafe water:

“When | access dirty water, it causes me diseases. When my child or | contract a
disease, | need to visit a hospital, which requires money. It affects me there.” (I-
YM-5)

“If you consider that cost per person on treatment of waterborne diseases such
as bilharzia, diarrhoea and cholera, just to mention a few, it is extra cost.... The
trauma from a disease is another cost.” (F-OM-9)

4.4.5 Collective action and community support

In formal settlements, younger and older women mentioned the key role of community
spirit. They described coordinating with landlords or neighbours to repair broken infra-
structure, though cooperation varied. Some reported that only affected residents acted
when pipes burst, while others noted that unity depended on the neighbourhood, with
limited face-to-face interaction and reliance on WhatsApp communication reducing
collective engagement.

In informal settlements, residents described borrowing from neighbours during short-
ages. Younger women described borrowing money to buy water from vendors. When
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unable to repay, residents described worry, tension, and loss of peace due to unpaid
debts and strained relations with vendors.

Survey data showed that in both informal and formal settlements, the majority of
households received support during water shortages, primarily through sharing water,
while in informal settlements some also received childcare or financial help. Neverthe-
less, around 3 to 4 in 10 households in each settlement reported receiving no support
(Table 4-3).

4.5 Accountability: Perceived causes of water insecurity

4.5.1 Water shortage and service interruptions

Residents in formal and informal settlements identified several contributors to water
insecurity, including rapid population growth, malfunctioning infrastructure, govern-
ance challenges, and illegal water connections (Table 4-2).

Malfunctioning and ageing infrastructure was seen as a key driver across settlements.
In informal settlements, men noted “non-functional” boreholes (I-YM-1). For piped wa-
ter older residents reported ageing pipes, malfunctioning vending machines, and
poorly repaired leaks increasing contamination risks:

“The pipes are very old and pass through dirty places with constructed toilets.” (I-
OM-8)

Similarly, formal settlement residents across genders and ages reported blocked and
damaged pipes, with some noting selective repairs:

“The pipes have blockages and breakages, and people aren’t able to get water. You
find a sewer leakage and a garbage collection point on top of water pipes.” (F-OM-
9)

“There were people who came to repair water pipes, they only repaired where wa-
ter is available and disappeared.” (F-YM-8)

In both settlements, older women and men noted that infrastructure is lagging behind
rapid population growth. Systems built for smaller populations have not expanded,
leaving supply unchanged despite rising demand:

“The population has increased. The same amount of water they [water suppliers]
used to supply is still the same today despite the increased number of people in
Korogocho.” (I-OF-4)

Long-standing governance challenges and government inaction compounded these
issues. Informal settlement residents felt neglected by NCWSC:

“Nairobi water does not recognise us because we live in slums.” (I-OM-4)
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Older men in formal settlements expressed frustration with the lack of government
action, despite residents’ collective efforts to address water and sewage issues: "We
join hands at our level but still don’t achieve our goals because things like piping and
repairs are very expensive". He recounted how the community tried to fix a broken sewer
line by raising funds, only to face high material fees and government indifference, leav-
ing them “demoralised”. After a year of effort, they reached top management to get
support, highlighting the importance of community solidarity in pushing for change in
the face of institutional neglect: “If we did not join hands, we would still be in the same
situation” (F-OM-9).

lllegal water connections further increased water insecurity in both settlements. Resi-
dents in informal settlements reported that informal connections to NCWSC's token-
operated pipes caused shortages and wastage:

“The water supply system is not appropriate because anyone can connect to water
by themselves because the pipe is just there. They can take their time at night, dig
and connect. | think that is the reason we are not supplied water continuously as
it should be the case because people are also misusing water. When water is in
plenty, people leave it to flow to waste.” (I-YM-5)

The absence of proper monitoring and enforcement worsened the problem of informal
connections:

“When Nairobi Water did the piping and installed token taps, they abandoned
them. For it to be okay, they should come to the ground to monitor their pipes,
witness how people have connected it by themselves, disconnect and re-connect
them appropriately and install their taps so that we know that it is the designated
water point.” (I-YM-5)

In formal settlements, unaffordable tariffs prompted illegal connections, which an
older man suggested could have been avoided with public consultation:

“Nairobi Water came and registered us into tariffs [...] Most of us could not afford.
Consequently, they started disconnecting water supply [..] Then came what is
called illegal connections because we needed water ... They should have just
called us in a kind of public participation to reach an agreement [...]. Nobody would
have refused. However, they took a hardline and we continued using the water [..]
So, that is the current situation until Nairobi Water comes so that we can tell them
what we can actually afford, which is Shs.200. We will be able to afford that but
connect it to everyone and assure that it will reach.” (F-OM-1)

Insufficient water pressure was another key concern in formal settlements, leading
some to uninstall meters and fetch water directly. Low pressure made pumps
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essential, yet many households could not afford them, deepening inequality. Water
pressure was a concern not raised in the informal settlement.

“There was insufficient pressure and people uninstalled their pipes and started
fetching water directly. [...]| For now, whatever we pay, there is no pressure.” (F-OM-
9

Another issue in informal settlements was the perception that water vendors operate
as “vending cartels”, deliberately disrupting supply to force residents buy water at in-
flated prices. Locally called cartels, these informal vendors illegally access govern-
ment water, often paying bribes, store it in private tanks, and sell it at high, fluctuating
prices, on average four times the cost of municipal sources such as NCWSC (Joshi et
al., 2023):

“There are also vending cartels [that supply water] who tell the suppliers to inter-
rupt the supply so that they can sell in jerrycans.” (I-YM-1)

4.5.2 Poor piped water quality

In formal and informal settlements, old or damaged pipes were widely discussed as
the main source of contamination. In unpanned settlements, all groups but older men
expressed concerns about leaks and pipes running through unsanitary areas, while a
young man highlighted metal pipes contaminating the water and causing diseases like
typhoid.

‘I cannot say it's 100% clean. Because | don't know where it's passed through. You
never know whether they are leaking.” (I-YF-5)

Residents in formal settlements across age and gender similarly identified pipe leak-
ages as a major cause of poor water quality, allowing surface runoff and sewage to
enter the water supply:

“Pipes are perforated. When it rains, dirt gets inside and it becomes dirty.” (F-YM-
1)

“During the rainy season, the water is usually dirtier than during the dry season.
The City Council's water pipe passes underground where there are sewer lines too.
So, there could be a pipe breakage somewhere, which could cause contamination
from the sewer water and mud.” (F-YF-7)

Accountability was debated among younger men in both settlement types, blaming
water providers for poor maintenance and inadequate wastewater treatment:

“Nairobi Water has the responsibility for the quality of water because they are the
ones who supply water through uncleaned pipes and do repairs.” (I-YM-1)
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“About the quality, it's not all about faulty piping, sometimes it's the main source
of the water and release of water without undergoing [treatment] processes re-
quired like filtration” (F-YM-2)

The role of water users themselves also came up in informal settlements. Informal
connections contaminate water, especially near drainage or unsanitary areas, and leak-
ing pipes allow people to collect potentially unsafe water:

“Someone just [illegally] cuts a pipe near a drainage to connect their dwelling
which contaminates the water. So, if it runs to the other people, they receive it
contaminated.” (I-YM-5)

“You find that a pipe has a leakage and some people go to align their jerrycans
and that is the water they are going to use.” (I-YM-6)

4.6 Community recommendations

Focus group participants proposed several measures to improve water. In informal
settlements, the need for better storage infrastructure such as tanks to help manage
shortages between supply days was emphasised. Expanding the water pipe network,
as well as drilling boreholes in each village was also recommended to increase acces-
sibility. Residents also expressed a strong desire for private taps and meters at the
household or plot level, noting that this would save time and money spent on water
collection, reduce disputes, and ensure fair billing based on individual use:

“Tanks would hold water during water shortages until it flows again.” (I-OM-4)
“Water pipes should be increased to enable sustainable well-being.” (I-OM-2)
“The government should drill boreholes in every village so we won't have water
issues.” (I-OF-5)

“Where every plot with its own meter and every household has a tap and a meter,
everyone is charged according to his own usage. This can help save the time and
money, and avoid conflicts.” (I-OM-4)

Focus group participants emphasised the urgent need to rehabilitate existing water
infrastructure by replacing corroded metal pipes with durable plastic ones. The deteri-
oration of metal pipes has led to frequent leakages and water contamination, particu-
larly during supply interruptions and rainy seasons. Communities also raised concerns
about the privatisation and vandalism of donated water facilities such as tanks and
distribution lines. Establishing a government-supported, community-based body to
oversee and safeguard water infrastructure would promote accountability, prevent
misuse, and ensure equitable and sustainable access to clean water.

Regular water supply three to four days a week, without interruptions during supply
windows, was seen as essential to meeting basic needs, maintain hygiene and
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sanitation, use time previously spent on looking for water on income generation, and
improve well-being:

“It would be better to have water three days a week. People will be able to fetch
enough water for bathing and sanitation without any conflict, even if it is at night.
This will contribute to well-being. You have all the time to go looking for a source
of income.” (I-OM-6).

“Water should not be interrupted in the middle of the days that are supposed to be
flowing.” (I-OF-2)

Some called for government support in providing water treatment supplies and for
greater community education on water quality and sanitation. Younger women
stressed that improved and reliable access would enhance well-being and promote
“peaceful coexistence in the community” (I-YF-1).

“We should be supplied with water treatment medicines.” (I-YF-1)
“People should be educated on matters, ‘quality water”.” (I-OM-4)

The dominance of water kiosks and vendors especially in informal communities has
created dependence on small-scale suppliers during water interruptions. However, the
communities raised concerns about the poor hygiene and uncertain quality of water
supplied from these sources. Containers and storage tanks are rarely cleaned, posing
serious contamination risks to consumers. Regular training and awareness programs
on hygiene, water handling, and safe distribution practices should be implemented to
improve water quality, minimise contamination, and build community trust in informal
water systems.

In formal settlements, residents recommended improvements to infrastructure, gov-
ernance, and affordability to ensure fair and reliable access to water. They called for
equitable expansion of water piping to all households and regular maintenance to iden-
tify which blocks are not receiving supply, They also urged better monitoring to prevent
the supply of dirty water. Access to clean water directly from the tap was viewed as a
way to reduce both health risks and treatment costs.

“Piping should be done to everyone, not selectively, especially those with water
problems.” (F-YM-7)

“There should be maintenance because water is very crucial. Those in charge
should go round and confirm the blocks not receiving water and why they are not
receiving it (F-YM-8)

“They should ensure water comes clean and not wait until someone gets sick or
dies.” (F-YM-1)

Participants also emphasised the need for fair pricing, suggesting waivers of pending
bills and the introduction of flat-rate payments to replace estimated charges, which
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they considered unfair. Finally, residents highlighted the importance of representation
and direct dialogue between communities, government authorities, and NGOs to en-
sure that local water concerns are heard and addressed effectively.

“There should not be estimates or assumption bills [by water providers]. They
should have a flat rate of water bill for everyone because everyone in this area
needs water.” (F-YM-7)

“NGO, county government, national government and community should sit down,
discuss and come up with measures that will help people living here.” (F-YM-6)

Female participants across different age groups, especially in informal communities,
expressed frustration over being excluded from key decision-making processes re-
garding water provision and management. Given that women bear the primary respon-
sibility and burden for household water handling and health matters, their exclusion
limits the effectiveness of community solutions and positive health outcomes. Includ-
ing women in leadership and planning roles would ensure that their experiences, chal-
lenges, and priorities inform decisions. Gender-inclusive water governance would en-
hance equity, strengthen community participation, and lead to more responsive and
sustainable water management outcomes.
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5 Water insecurity experiences, well-being,
and productivity in formal and informal
settlements

Water insecurity — too little, too much, or too polluted water — has been widely recog-
nised as a driver of poor health and physical, mental, and social well-being (see 1.1.1).
Limited, unreliable, unsafe water exposes individuals to physical illness and injury,
while also generating persistent emotional strain, social tension, and disrupted sleep
(Kimutai et al., 2025; Wutich et al., 2020). These challenges are particularly severe for
women, who are primarily responsible for household water collection and manage-
ment, care responsibilities and family health (Ogutu et al., 2025). In Kenyan informal
settlements, women have reported infections, bodily pain, urinary problems, and emo-
tional distress, including stress, anxiety, shame, and frustration from water scarcity
and inadequate sanitation (Kimutai et al., 2025).

Beyond these direct health and well-being impacts, water insecurity constrains produc-
tivity (see 1.2), here understood as people’s ability to work and study, perform and learn
effectively. Time spent fetching and managing water reduces opportunities for in-
come-generating activities (Collins et al., 2019; Ogutu et al., 2025), schooling and learn-
ing, with women and girls globally spending an estimated 250 million hours daily on
water collection (UN Women & DESA, 2024). Water scarcity and unreliable supply in-
tensify the time and energy demands of water collection (Caruso et al., 2025) and car-
rying (Geere et al., 2010). Physical fatigue, musculoskeletal disorders and pain, and
emotional exhaustion from these tasks limit the energy available for work, while water-
related illness and stress can increase work absenteeism and reduce concentration
and performance (Gunduz & Yahaya, 2018; Ogutu et al., 2025). In informal settlements,
limited water access also constrains informal employment opportunities that rely di-
rectly on water, such as small-scale agriculture and laundry services, further narrowing
women’s economic options (Ogutu et al., 2025). Over time, these constraints contrib-
ute to a downward spiral: reduced productivity and income limit households’ ability to
secure safe, sufficient, and reliable water, reinforcing exposure to health risks, further
reducing productivity, and deepening vulnerability — putting at risk sustainable devel-
opment altogether.

Empirical evidence linking water insecurity to (reduced or lack of) productivity remains
limited. Research has documented time burdens, yet few studies have quantified how
water insecurity influences capacity to work such as ability to concentrate, daily energy
levels, or frequency of sick days. As Ogutu et al. (2025) emphasise, there is a need to
understand how health and well-being mediate the relationship between water access
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and economic engagement — particularly among women, older adults, and residents
of informal settlements.

One valuable set of tools to assess the emotional and experiential dimensions of water
insecurity is provided through the Household Water InSecurity Experiences (HWISE)
scales, which have been validated across diverse contexts (Young et al., 2019). Re-
search using HWISE has shown that water insecurity is shaped by water source, infra-
structure type, and household socio-economic characteristics. For example, in infor-
mal settlements of Nairobi, water insecurity is higher among households relying on
informal vendors or tanker trucks than among those with tap-point or formal network
access, and among tenants compared with homeowners (Joshi et al., 2023). Seasonal
variation, intermittent and unreliable supply, household income, and water expenditure
were found to exacerbate water insecurity in urban, lower income communities of Mex-
ico (Jepson et al., 2021).

Higher levels of water insecurity (HWISE scores) have been associated with a range of
adverse health outcomes, including undernutrition and poor child health (Schuster et
al., 2020) and food insecurity (Brewis et al., 2020), physical injuries (Rosinger et al,
2021), diarrhoea (Aydamo et al., 2024; Jepson et al., 2021), and partner violence (Kis-
liuk et al., 2024). Water insecurity also negatively affects mental, emotional, and social
well-being. Higher HWISE scores have been linked to increased emotional distress in
rural Ethiopia (Libey et al., 2022), heightened perceived stress in urban low-income
communities (Jepson et al., 2021) and informal settlements in South Africa (Shiny-
emba & Cloete, 2023), and lower overall well-being among informal settlement resi-
dents in urban India (Lekha et al., 2025). In Kenyan informal settlements, HWISE has
been associated with reduced psychological and spiritual well-being but higher social
well-being (Georges, 2025).

Well-being in informal settlements remains under-explored, particularly across differ-
ent population sub-groups (Winter et al., 2019). For instance, the well-being of older
adults in sub-Saharan African informal settlements is poorly understood, with almost
no studies including comparison groups from formal urban settlements (Alaazi et al.,
2021) or examining gender differences within this age group. To our knowledge, this is
the first study to apply the Personal Wellbeing Index (PWI) in informal settlements and
the first to link HWISE to both well-being and productivity outcomes. While household
water insecurity has been linked to children’s school attendance (Cooper-Vince et al.,
2017), evidence connecting HWISE to productivity outcomes such as work perfor-
mance, concentration, or sick days is lacking. Importantly, this study examines water
insecurity, well-being, and productivity — and their interconnections — across informal
and formal settlements, ages, and genders, using a mixed-methods approach.
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This chapter explores the following research questions:

1. How do water insecurity experiences, well-being, and productivity vary by settle-
ment type and gender?

2. How do water insecurity experiences affect well-being across settlement types,
ages and genders?

3. How do water insecurity experiences affect productivity across settlement
types, ages and genders?

5.1 Household water insecurity experiences, well-being, and productiv-
ity in formal and informal settlements

Household water insecurity experiences

Average HWISE scores were 10.9 in formal settlements and significantly higher at 14.0
in informal settlements, exceeding the threshold for household water insecurity (12 on
a 0-36 scale, Young et al., 2019) (Figure 5-1 A; see 3.2.2 and 3.4.2 for more information
on survey data collection and analysis). Households In both formal and informal set-
tlements, respondents reported a wide range of household water insecurity experi-
ences, with interruptions in water supply, worry about not having enough water for
household needs, difficulties washing clothes, changes to daily routines, and feelings
of anger being the most commonly affirmed. In informal settlements, many respond-
ents additionally reported not having enough water to wash their body and feeling
ashamed or excluded because of water problems, experiences that were less com-
monly reported in formal settlements. Changes in food consumption, inadequate
handwashing, lack of usable water, insufficient drinking water, and going to sleep
thirsty were less common in both settlement types, but more prevalent in informal than
in formal settlements. Interruptions and anger were experienced often or always in
both settlement types, while worry, trouble washing clothes, and disrupted plans were
more frequent in informal settlements (Figure 5-1 B).

In informal settlements, households collecting water from public taps, located more
than 50 meters away or requiring over 30 minutes to fetch, especially when collected
by boys, tend to be more water insecure. In formal settlements, insecurity is generally
lower, but households receiving water from carts with small tanks or public taps, lo-
cated more than 100 meters away, with collection times exceeding 30 minutes, also
face greater insecurity. Across both settlement types, larger households (more than
six members), as well as those with children, older adults, or persons with disabilities,
experience higher levels of water insecurity. Households reporting financial difficulty
are likewise more water insecure, while in informal settlements only those describing
themselves as living comfortably fall, on average, below the water insecurity threshold
(Figure 5-1 C).
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Figure 5-1: (A) Average HWISE scores in formal and informal settlements, with ****
indicating a significant difference (p < 0.0001). (B) Share of households reporting
HWISE experiences at least rarely (solid line) or often (dashed line). (C) Average HWISE
scores by water supply and household characteristics in formal and informal settle-
ments. Data from household surveys conducted in Korogocho (n = 368) and Jericho
Lumumba/Harambee (n = 177), March—May 2025.
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School holidays can intensify household water stress. With children at home, water
consumption increases and becomes harder to regulate, compounding existing scar-
city:

“Another challenge is during school holidays like now. It's difficult to control how
they use the water. A child goes, fetch water and pour it away. So, during school
holidays, water consumption is high, and the water itself is already scarce.” (F-YF-
3)

Well-being and productivity

Average subjective well-being, measured on a scale from no satisfaction at all (0) to
completely satisfied (10) using the Personal Wellbeing Index (PWI, see Section 3.2.2),
was higher in formal settlements (7.29 + 0.16) compared to informal settlements (6.26
+ 0.15), representing a significant difference of +1.04 + 0.22 (p < 0.0001) (Figure 5-2
A). Examining individual PWI domains, residents of formal settlements reported sig-
nificantly higher (p < 0.0001) scores in future security (+1.83 + 0.40), personal safety
(+1.39 £ 0.39), standard of living (+1.36 + 0.35), achieving in life (+1.27 = 0.29), and
environmental quality (+1.20 + 0.44). Health (+0.68 + 0.39), community (+0.59 + 0.39),
and personal relationships (+0.12 + 0.34) showed smaller or non-significant differ-
ences between settlement types (Figure 5-2 B).

Figure 5-2: Average PWI scores (A) and PWI domains (B) in formal and informal set-
tlements, measured on a 0-10 scale (no satisfaction at all - Completely satisfied). (C)
Average productivity outcomes in formal and informal settlements, measured on a 1-
5 scale (Not at all — Extremely; number of sick days continuous measure). **** indicat-
ing a significant difference (p < 0.0001). Data from household surveys conducted in
Korogocho (n = 368) and Jericho Lumumba/Harambee (n = 177), March—May 2025.
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Residents of formal settlements also scored significantly higher (p < 0.0001) on all
productivity indicators. On a 1-5 scale (1 = not at all; 5 = extremely), they experienced
greater ability to concentrate (+0.42 + 0.14) and higher daily energy levels (+0.49 +
0.14) during the past four weeks compared to those in informal settlements. In addi-
tion, they reported fewer sick days (—3.58 + 1.02) (Figure 5-2 C).

Gender differences in well-being and productivity were generally small in both settle-
ment types. In informal settlements, men reported slightly higher overall life satisfac-
tion than women (+0.11 + 0.39), with negligible gender gaps across most PWI do-
mains. The largest difference was observed in perceived safety (+0.60 * 0.64, male >
female). Men also reported marginally higher daily energy levels (+0.22 + 0.23), but
slightly more sick days (—1.06 + 1.67) than women, while both genders reported similar
levels of concentration during the past four weeks (+0.02 + 0.19).

In formal settlements, men similarly reported slightly higher well-being than women
(+0.22 + 0.32) and productivity outcomes, including higher energy (+0.30 + 0.23, p <
0.001) and concentration (+0.20 + 0.24) levels, and marginally fewer sick days (-0.28
+ 1.41). Gender gaps across individual PWI domains were again minor, though men
rated their environmental quality (+0.76 + 0.72), community belonging (+0.61 + 0.56),
personal relationships (+0.47 + 0.51), personal safety (+0.40 + 0.66), and future secu-
rity (+0.17 + 0.59) as slightly more satisfactory. Overall, differences between settle-
ment types were substantially larger than those between genders within settlements.
(Figure 5-3 A, B).
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Figure 5-3: (A) Average well-being (PWI score, measured on a 0-10 scale) and produc-
tivity outcomes (ability to concentrate and daily energy, measured on a 1-5 scale, num-
ber of sick days) by gender in informal (left) and formal (right) settlements. ** indicat-
ing a significant difference (p < 0.001). (B) PWI domains by gender in formal and infor-
mal settlements. Data from household surveys conducted in Korogocho (n = 368) and
Jericho Lumumba/Harambee (n = 177), March—May 2025.
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Well-being and productivity by water (in)security

To examine how water (in)security affects well-being and productivity across settle-
ment types, households were classified as water insecure or water secure using a
HWISE score threshold of 12 (Young et al,, 2019, see 3.4.2). Across all indicators, out-
comes were generally higher in formal than informal settlements, and in water-secure
than water-insecure households. Within each settlement, water-secure households
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scored higher than water-insecure households. Additionally, water-insecure house-
holds in formal settlements scored higher than water-insecure households in informal
settlements, and water-secure households in formal settlements scored higher than
water-secure households in informal settlements. Most of these group differences
were statistically significant (Figure 5-4).

Figure 5-4: Average well-being (PWI score) and productivity outcomes (number of sick
days, daily energy, concentration) by study site and household water security status.
Bars represent the mean values for each group, with 95% confidence intervals shown.
Significant pairwise differences are indicated with asterisks (* p < 0.05, ** p < 0.01, ***
p < 0.001, **** p < 0.0001) based on Dunn’s post-hoc test (Holm-corrected p-values).
Data from household surveys conducted in Korogocho (n = 368) and Jericho Lu-
mumba/Harambee (n = 177), March—May 2025.
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Overall well-being differed significantly across groups, with the lowest PWI scores (0-
10 scale) among respondents from informal water-insecure households (6.02 + 0.18)
and the highest among respondents from formal water-secure households (7.46 +
0.25), reflecting the combined effects of settlement type and household water security.

Number of sick days in the past four weeks also varied significantly, ranging from 5.62
+ 0.90 among respondents in informal water-insecure households to 0.74 + 0.49
among those in formal water-secure households, with most pairwise differences sig-
nificant except between individuals from water-insecure and water-secure households
in formal settlements. This highlights fewer sick days with greater water security and
in formal settlements.

Daily energy differed significantly by water security status in informal settlements and
across settlement types, increasing from 3.11 + 0.11 among respondents from infor-
mal water-insecure households to 3.83 + 0.17 among respondents from formal water-
secure households (1-5 scale).

Concentration differed significantly within settlements between water-insecure and
water-secure households, with higher scores among respondents from water-secure
households. It also differed across settlement types for respondents from households
with the same water-security level: respondents from formal settlements reported
higher concentration than those from informal settlements, both from water-insecure
(3.00£0.19 vs. 2.88 + 0.10) and water-secure households (3.57 £+ 0.19vs. 3.10 £ 0.14).
Respondents from informal water-secure households had slightly higher concentra-
tion than those from formal water-insecure households, though not significantly.

Overall, these results indicate that both water security and settlement type strongly
influence well-being and productivity, with respondents from formal settlements and
water-secure households consistently reporting better outcomes (Figure 5-4).

Taking a closer look at specific life domains, respondents from water-secure house-
holds reported higher satisfaction with environmental quality compared to those from
water-insecure households, in both formal (6.28 + 0.49 vs 5.18 + 0.59, p = 0.01) and
informal settlements (5.61 + 0.50 vs 4.54 + 0.30, p = 0.001). Across all other domains,
respondents from water-secure households tended to report higher satisfaction than
those from water-insecure households, although these differences were not statisti-
cally significant. For instance, in water-secure respondents were more satisfied with
their health than water-insecure respondents in both formal (8.20 + 0.38 vs. 7.37 +
0.55) and informal settlements (7.36 + 0.52 vs. 7.02 + 0.33). Similarly, water-secure
respondents were more satisfied with their personal relationships (formal: 7.95 + 0.36
vs. 7.71 + 0.44; informal: 8.13 + 0.39 vs. 7.47 + 0.32), personal safety (formal: 7.89 +
0.47 vs. 7.13 £ 0.57; informal: 6.10 + 0.41 vs. 5.71 + 0.31), and future security (formal:
7.95+0.46 vs. 7.50 £ 0.50; informal: 6.21 + 0.48 vs. 5.92 + 0.36).
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5.2 Effect of household water insecurity experiences on health and well-

being

Household water insecurity affects health and well-being through multiple pathways
(Table 5-1).

Table 5-1: Effect of household water insecurity experiences on health, well-being, and
productivity, as identified in focus group discussions (January—April 2025) in informal
(Korogocho) and formal (Jericho Lumumba and Harambee) settlements, with 65 re-
spondents across 12 FGDs (YM = younger men, OM = older men, YF = younger women,
OF = older women). (X) Experience mentioned but not directly linked to health, well-
being, or productivity outcome; * mentioned elsewhere (see Chapter 4).

WISER - 101094546
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Disruption and Worry

Water scarcity and service interruptions (None and Interrupt) impair health by increas-
ing the risk of WASH-related infectious diseases and community transmission, imped-
ing recovery from illness, and reducing environmental hygiene (Table 5-1). Participants
in both informal and formal settlements emphasised the risks of waterborne diseases,
particularly cholera and bilharzia. Flooding exacerbates these risks by directly expos-
ing people to contaminated water and by introducing pathogens into water sources.
Damage to WASH infrastructure during floods and heavy rains allows dirt and sewage
to enter water pipes, reducing water quality and facilitating disease spread (see 8.2),
particularly during the rainy season (see 4.1.3). Water insecurity threatens health di-
rectly by limiting access to clean water for drinking, cooking, and hygiene, and indi-
rectly by facilitating disease spread. For example, cholera prevention requires ade-
quate clean water, yet, scarcity forces residents to use unsafe sources, increasing com-
munity transmission and outbreak risk.

“Cholera killed a lot of people here in Korogocho. | remember that day, it was all
because of water. A lot of people died that day.” (I-OM-4)

“If you continue lacking water and you use dirty water, you may get sick until you
die” (F-YM-7)

“I got information somewhere that there is cholera outbreak. Cholera needs plenty
of clean water. If there is scarcity of water, it causes the spread. During flooding,
such diseases are usually rampant, for example, bilharzia. You could contact bil-
harzia out there and when you go back home, the water there is dirty too. As it has
been said, water is dirtier during rainy season thus impedes disease control.” (F-
YF-3)

Water scarcity also impedes recovery from illness and may increase the likelihood of
infections progressing to full-blown disease, co-infections, and more severe or pro-
longed health outcomes by compromising hygiene and immune defense. Participants
noted that when water is unavailable, caring for sick household members becomes
difficult, prolonging illness and complicating recovery. Older men in the informal set-
tlements stressed water as essential for basic survival and recovery, particularly for
children:

“A child may get sick in the house and you do not have water yet the child needs
the water for his condition to improve.” (I-OM-4)

“There is nothing as difficult as water in humans’ life. When someone is uncon-
scious, if you pour him water, he will be able to wake up. The first thing that a
person takes after waking up is water for washing your face. Even when a child is
sick, water is needed.” (I-OM-7)
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Reduced water availability compromises household hygiene through water-saving
practices, leading to dirt accumulation, insufficient cleaning of utensils, and increased
risk of WASH-related diseases. These impacts were particularly noted by older women
across settlement types and younger men in informal settlements. Limited water fur-
ther undermines health, particularly for women, by exacerbating poor sanitation (see
Chapter 7) and imposing gendered burdens of water collection, with wide-ranging
health and well-being impacts for those responsible for fetching water (see Chapter
4.3.3).

“Without water supply, you will not be able to perform house chores. Therefore,
you will live in a dirty house and you will fall sick.” (I-YM-9)

“You also end up economising water so much until utensils are not thoroughly
cleaned. This may lead to diseases.” (F-OF-7)

“Lack of water causes health challenges like waterborne diseases. Also, it leads
to poor sanitation, gender inequality because it is mostly women and children
that suffer more when there is water shortage.” (F-OF-1)

Adequate water supply, in turn, was seen as protective measure against disease, par-
ticularly by young women across settlements:

“Health wise, it [adequate water supply] will prevent diseases.” (I-YF-6).

“If water supply and quality is good, as water is life, it prevents many issues such
as bacterial diseases among children because it is easy to maintain hygiene.” (F-
YF-8)

Water scarcity and service interruptions (None and Interrupt) also negatively affect
mental well-being by reducing psychological comfort and increasing stress (Table 5-
1), closely related to the HWISE worry dimension: “Water supply rationing compromises
my wellbeing” (F-YF-6).

Residents across settlements, genders, and ages described how water scarcity dimin-
ishes daily pleasures and comfort, emphasising that a home without water feels in-
complete and disrupts basic domestic needs such as cooking and bathing. Reliable
and adequate water supply was viewed as essential for psychological satisfaction and
emotional ease, bringing a sense of ease and joy to daily life:

“As you know, a house without water is nothing” (I-YM-4)

“When you have water, it's like you have a quarter of your pleasures. If you have
money and without water, you won't be comfortable” (I-OM-6)

“Without water in the house, you have no joy. Because you would want to eat,
hence you would want to cook and you have to use water.” (I-YF-8).

“If the water supply is adequate, it contributes to well-being. Because you will just
feel that everything is okay.” (I-YF-4)
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“Constant and consistent water supply contributes to psychological satisfaction.
Yes, being psychologically and emotionally fit” (F-YF-3)

Particularly young women across both types of settlements and young men in formal
settlements linked water scarcity and service interruptions to heightened stress and
worries. Emotional distress stems from multiple pressures, beginning with difficulties
meeting basic household needs such as maintaining hygiene, such as flushing toilets
and washing clothes, and preparing food. Financial strain from purchasing water fur-
ther intensifies worry, particularly in households with children:

“Without water, you will be stressed and lack peace.” (I-YF-4)

“I may lack the money to buy water or soap, and that can affect my well-being. [...]
Because you would want to eat, hence you would want to cook and you have to
use water. With unavailability of water, you would be stressed.” (I-YF-8)

“Water insecurity is a big thing. If you don't have water in the house, you will have
stress [because] if you [have] a child [and] if you want to cook, your water require-
ment per day is high. [..]" (F-YM-7)

Caring for sick children without adequate water for hygiene or the financial means to
afford treatment compound these stresses, leaving caregivers feeling stressed. Relia-
ble, sufficient, and high-quality water supply was viewed as essential for reducing
stress by enabling hygiene maintenance, preventing illness among children, and pro-
moting a sense of peace in daily life:

“If a child fell sick of diarrhoea, | would take them to a government [public] hospital
if | don’t have money [rather than to a private hospital]. Since they [public hospi-
tals] don’t have drugs nowadays, they would prescribe me the drugs to go and buy.
I don't have the money, the child has diarrhoea, there is no water in the house even
for washing clothes. | would be stressed.” (I-YF-2)

“When a child has diarrhoea, every time you will be fetching water. What if the
water is unavailable?” (I-YF-3)

“If water supply and quality is good, as water is life, it prevents many issues such
as bacterial diseases among children because it is easy to maintain hygiene.
Therefore, we will have peace and we will save.” (F-YF-8)

Unreliable water supply generates persistent worry and stress, both generally and dur-
ing critical times such as caring for sick children. Participants described anxiety over
whether supply would be reinstated as expected, concern about running out before the
next delivery, and the effort required to fetch and store sufficient water. Reliable, suffi-
cient, and high-quality water was viewed as essential for reducing this stress, support-
ing hygiene maintenance, preventing illness, and promoting a sense of peace and sta-
bility in daily life.
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“Constant and consistent water supply [means] you have no stress like, ‘These
clothes have not been washed’, ‘This toilet is emitting odour’” (F-YF-3)

“Water insecurity has by a large extent affected me. When Thursday comes and
there is no water supply, | start being worried about water because when there is
supply and | fail to store enough, | will have water challenge for the whole week.

So, up to midnight, | am awake fetching water.” (F-OM-7)

Water scarcity and service interruptions disrupt social well-being by generating con-
flicts over water access and limiting social interactions (Table 5-1). In informal settle-
ments, competition for water can lead to verbal abuse, fights, and theft. In formal set-
tlements, income differences create unequal access to water within dwellings, as
households with pumps can draw large amounts while those without struggle to ac-
cess sufficient water. This imbalance fosters frustration, resentment, and strained
neighbourly relations, highlighting how economic inequality exacerbates water-related
social stress (see Chapter 4.3.2). Reduced water availability also limits social activi-
ties, particularly described by young women in formal settlements. Households may
avoid hosting visitors because using the toilet or bathroom would consume scarce
water, reducing opportunities for social engagement:

“If you don't have water, you even don't wish to have visitors because the wash-
room that they will use needs water to operate. If three or four of them were to
use the toilet, that would need water. You will completely run out of it. so, | think
if we had enough water, it would be very beneficial.” (F-YF-8)

The effects of household water scarcity and service interruptions on health and well-
being, highlighted in focus group discussions, are supported by household survey data.
In informal settlements, water scarcity (None) is significantly associated with reduced
satisfaction with environmental quality, while in formal settlements it corresponds to
lower satisfaction with standard of living. Service interruptions (Interrupt) and Worry in
informal settlements are significantly correlated with nearly all well-being outcomes,
except personal safety or future security. In formal settlements, significant interrela-
tions are more limited, including None with standard of living, and Interrupt and Worry
with environmental quality (Figure 5-5).

Gender differences are also apparent. Among men in informal settlements, None is
significantly correlated only with standard of living, and Interrupt only with personal
relationships. In contrast, women in informal settlements show significant associa-
tions between Interrupt and Worry and a broad range of well-being outcomes, whereas
None shows no significant correlations. In formal settlements, significant associations
are observed only for women, not men (Figure 5-5).
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Figure 5-5: Spearman correlations between household water insecurity experiences (HWISE) and subjective well-being (PWI score
and domains) and productivity. Correlations are shown only if significant at p < 0.05 after Holm correction applied separately for each
HWISE dimension. Negative values indicate that more frequent experience of a HWISE dimension is associated with lower well-being
or productivity. Data from household surveys conducted in Korogocho (n = 368) and Jericho Lumumba/Harambee (n = 177), March-
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(B) Female informal versus formal settlement residents
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Overall, the Disruption and Worry subscore, consisting of the HWISE dimensions None,
Interrupt and Worry is significantly linked to almost all well-being domains in informal
settlements, most notably overall well-being, standard of living, and personal relation-
ships. In formal settlements, it is primarily associated with environmental quality and
standard of living. Across genders, women generally experience a broader impact on
well-being outcomes than men (Figure 5-5).

Hygiene, Dignity, and Plans

Water insecurity experiences related to Plans, Clothes, Body, Hands, and Shame impair
health by limiting personal and household hygiene, increasing exposure to infectious,
including diarrhoeal and sexually transmitted diseases (Table 5-1).

Across settlement types, water scarcity and service interruptions compel households
to re-wear unwashed clothes and use dirty utensils. In contrast, access to clean and
sufficient water enables washing clothes and supports a sense of cleanliness and or-
der, though participants did not explicitly link this to health outcomes:

“Clean and sufficient water contributes to hygiene because you are able to wash
clothes conveniently.” (F-YF-5)

“Sometimes you may wear dirty clothes and use dirty utensils due to lack of wa-
ter.” (I-OM-2)

“I can bathe, and my clothes can be cleaned. You will be an organized person”. (I-
YM-7).

Lack of water for Handwashing was described as a major health risk, particularly for
child health, across settlement types, ages, and genders. Women across settlements
highlighted the vulnerability of children who eat without washing their hands after play-
ing or using the toilet, contributing to diarrhoea outbreaks within households. In formal
settlements, intermittent water supply makes it difficult for children to wash their
hands after using the toilet, particularly when water is not available in bathrooms and
must be fetched from elsewhere, increasing the risk of water-washed disease trans-
mission and adding stress for caregivers. An older male resident of the informal set-
tlement also noted that caregivers struggle to maintain hygiene when unable to wash
or bathe after changing diapers.

“A parent can be changing her child's diapers and not bathing after due to lack of
water. Water is very important.” (I-OM-4)

“Because of rationing, you find that someone visits a toilet at their place but there
is insufficient water, thus no one is concerned about handwashing. There is not
enough water, so there are no handwashing stations. You find certain outbreaks
of diarrhoea among children.” (I-YF-1)

Page 98 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



“When children lack running water after using the washroom, they will just walk
away without washing their hands. In the process, they will grab something to eat
that they come across without washing their hands. next day, they experience di-
arrhoea.” (F-YF-8)

Water scarcity also compromises Body hygiene. In informal settlements, young men
particularly emphasised the health risks of going several days without bathing, includ-
ing increased vulnerability to sexually transmitted infections, while older men high-
lighted the role of water in maintaining cleanliness and preventing disease. Women
across settlements also stressed the importance of being clean, though they did not
explicitly link body hygiene to their own health:

“When | lack water, | stay several days without bathing. | engage in sexual activities
and | fail to bathe; [...] I could be infected with some diseases such as gonorrhoea
and syphilis because | am dirty.” (I-YM-1)

“Water insecurity affects us because we cannot be clean, our health will deterio-
rate. If you maintain good hygiene, you won't contract diseases.” (I-OM-4)

“If we have water, we will be clean.” (I-OF-8)

“Water is an essential good! It's an essential product. If you disconnect my water
supply, ... What will | bathe with?” (F-OM-1)

Lack of water for washing Hands, Body, and Clothes also affects mental well-being by
causing discomfort from body odours, as described by residents across settlements,
ages, and genders (Table 5-1). Bathing was viewed as restorative, helping one feel re-
freshed and organised:

“Even here, if someone came without bathing, he won't be comfortable.” (I-OM-6)
“Water is very important. It enables one to be clean. When one is feeling tired, you
feel fresh if you bathe.” (I-YF-3)

“If | have lots of water, | do not have challenges because | can be bathing daily,
when | get tired, | can bathe, and my clothes can be cleaned. You will be an organ-
ised person.” (F-YM-7)

Lack of hygiene due to water scarcity negatively affects social well-being by creating
discomfort and Shame (Table 5-1). Particularly informal settlement residents across
genders and ages described feeling uncomfortable around others when unable to
bathe or wash Clothes, with unpleasant Body odours contributing to embarrassment
at work and in social settings:

“When you do not have water, you are not even comfortable when you are around
people because you have not bathed for some time, your clothes are dirty.” (I-YM-
7)
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“If you lack water, you will be having bad odours at your place of work. You won't
be comfortable.” (I-OM-6)

Lack of hygiene also strains social relationships, creates conflicts and social pressure,
particularly within households and with neighbours. Residents across settlements,
particularly women, noted that insufficient water can lead to disagreements between
spouses, social judgement from neighbours, and strained interactions due to body
odours and visibly unwashed clothes:

“Water can cause disagreements between you and your husband because you
may come from work and want to bathe and find your wife didn’t fetch water due
to lack of money. You and your wife cannot be clean if the house does not have
water. People may start talking ill of your wife because she does not bathe. Your
child may also not be bathing properly due to lack of water.” (I-OM-4)

“I may go to spend time with friends as women and there is odour that my body
could emit so that someone could tell that | have not bathed. She might spread
rumours like, ‘That one does not bathe.” (I-YF-3)

“If you buy 5 jerricans of water and you have children, you will have to wash a few
children’s clothes and you won't rinse them well. If you put the clothes on the cloth
line, people will see that you did not clean them yet it is due to water shortage and
not the person who cleaned them.” (F-OF-5)

Impacts of the water insecurity experiences Body, Clothes, Hands, Plans, and Shame
on health and well-being reported in FGDs are largely reflected in survey correlations.
In informal settlements, and particularly for female residents, Plans, Body, and Clothes
are significantly linked to multiple well-being domains, while for men, the associations
are fewer and more specific. For men, only Body (with standard of living) and Clothes
(with overall well-being) are linked to specific well-being outcomes, with Plans and
Shame showing no significant associations. Among women, Body is particularly asso-
ciated with environmental quality and overall well-being. Clothes shows even stronger,
but still moderate, associations, especially with overall well-being, personal relation-
ships, and community. Plans are most strongly linked to overall well-being and per-
sonal relationships. Hands are associated only with environmental quality for women,
with no significant correlations for men. When the items Body, Hands, Clothes, Shame,
and Plans are aggregated into a Hygiene and Dignity HWISE subscore, it demonstrates
broad relevance to women’s well-being, showing significant associations with all out-
comes except future security, and the strongest links with overall well-being and envi-
ronmental quality. Among men, the subscore is significant only in relation to standard
of living (Figure 5-5).

In formal settlements, associations are more limited. Among men, only Plans, Shame
and the Hygiene and Dignity subscore are significantly associated with standard of
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living. For women, Hands shows a significant association with standard of living,
Shame with both environmental quality and standard of living, and Plans with environ-
mental quality. The overall Hygiene and Dignity subscore is significantly correlated with
standard of living and environmental quality, yet none of the HWISE components ex-
hibit a significant relationship with overall well-being (Figure 5-5).

Nutritional use

Water insecurity experiences related to Food and Drink affect health and well-being by
forcing households to ration water for drinking and cooking, skip meals, consume con-
taminated water, and worry about these risks.

Limited water availability constrains adequate Drinking, forcing households to ration
water and restrict consumption even for children, despite recognising that drinking suf-
ficient water is essential for maintaining good health. While dehydration is not explicitly
mentioned, it is implied as a health risk, and participants are aware of the recom-
mended daily water intake needed to maintain health:

“I even warn the children not to take a lot of water because | don’t have enough
water. However, if | had enough water, | would make sure | take 8 glasses to im-
prove my health.” (I-YF-1)

“If you do not drink water, when you go to the hospital and test you, they will find
that you do not drink water and prescribe water for you.” (I-OM-5)

Water scarcity also limits Food preparation and consumption, causing residents
across settlements, genders, and ages to skip meals due to insufficient water for cook-
ing. A young woman in an informal settlement linked these constraints to children’s
malnutrition, while an older man in a formal settlement described worries about how
to cook without water. Beyond the direct impact of water shortages, interruptions and
scarcity increase water costs, creating financial hardship. During such periods, 28% of
households in informal and 12% in formal settlements reported skipping meals as a
coping strategy (Table 4-3; see Section 4.4.4), highlighting the widespread impacts of
water insecurity on nutrition, health, and well-being across settlements:

“If | was cooking twice, for example, | would cook once. It will affect me together
with the children because a child is supposed to feed at least three times a week.
Therefore, if they eat once a day, they will suffer from Kwashiorkor.” (I-YF-2)
“Water is an essential good! It's an essential product. If you disconnect my water
supply, what will I cook with?” (F-OM-1)

Across settlement types, the consumption of contaminated water is seen as a major
health concern. In informal settlements, poor water quality is frequently linked to diar-
rhoea, typhoid, amoebiasis, and stomach-aches, particularly among children. These
risks are heightened during the rainy season, when broken pipes allow surface runoff
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and sewage to enter and contaminate the water supply (see 4.1.3 and 4.5.2). Concerns
about contamination were reported by all groups except older men. An older man
noted that prolonged water storage in jerricans can cause contamination. Access to
clean water and water treatment were stressed as key for maintaining well-being, re-
ducing worry, and avoiding the financial burden of medical treatment for waterborne
illnesses:

“If a child drinks that water, they experience diarrhoea because it's dirty. If you cook
with it, you develop stomach ache and such things. It contains bacteria.” (I-YM-9)
“When this water comes, it's not clean as such [...]| and we continue using it despite
having children. So, we often suffer from typhoid, amoeba and flu because of that
water.” (I-YM-2)

“If you don't access good water, it will affect you financially and you will not be
okay health wise. You have to go to the hospital and purchase medicines.” (I-YM-
7)

“If water is stored for long in the jerrican, it can also get spoiled. Clean water con-
tributes to good health. You won't get sick. You also won't have to worry.” (I-OM-
3)

“After fetching water, we boil it if possible. Boiling will contribute to well-being.” (I-
YF-1)

Also in formal settlements, residents similarly reported health risks from deteriorating
water quality, including cholera, diarrhoea, and amoebiasis, particularly affecting chil-
dren, with risks exacerbated during the rainy season. Young men and women high-
lighted that these illnesses entail financial costs due to hospital visits and medication.
Caregivers also described difficulties controlling children’s water intake, noting that
even if children bring water from home, they may drink from other, potentially unsafe
sources:

“You find a sewer leakage and a garbage collection point on top of water pipes.
So, when it rains and there are those leakages, water becomes contaminated and
this causes cholera and diarrhoea, just to mention a few.” (F-OM-9)

“If the water quality is poor and you drink it, it causes diseases and you will need
to go to hospital at which you spend money for medication. It affects me.” (F-YF-
1)

“There are people complaining they have amoeba because of that water. [...] When
children go to school, even if they are carrying water, they will end up drinking other
water.” (F-OF-6)

Residents across settlements also associated water scarcity with poor food hygiene
and increased disease exposure, as lack of water prevents proper cleaning of vegeta-
bles and utensils and attracts flies to food:
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“These foods that we consume, mostly of the time we are not aware of their
sources. We sometimes hear that they've produced from the sewage. You are sup-
posed to wash them with running water, which is not available. Therefore, you just
wash but it doesn’t become very clean. As a result, people end up having stomach
infections.” (F-YF-3)

“Lack of water may lead to flies flying into your plates and infecting you.” (I-OM-4)

The effects of water-related nutritional use on health and well-being, highlighted in fo-
cus group discussions, are supported by household survey data. In informal settle-
ments, changes in Food (altering what is eaten due to water problems) are linked to
broader well-being outcomes than Drink (insufficient drinking water). Specifically, Food
is associated with overall well-being, health, safety, and environmental quality, while
Drink is linked only to environmental quality. In formal settlements, Food is associated
with health and standard of living, and Drink shows no significant associations. Across
both settlement types, significant correlations are observed only for women, not men.
The Nutritional Use subscore (comprising Food and Drink) is linked to overall well-be-
ing and environmental quality in informal settlements, and to overall well-being, health,
and standard of living in formal settlements (Figure 5-5).

Sleep disruption

Water insecurity experience of Sleeping thirsty did not come up in focus group discus-
sions, but sleep disruption and fatigue are common among water collectors, as
nighttime or early-morning water fetching prevents adequate rest, causing physical
and mental exhaustion for both adults and children. Children are particularly affected,
with early wake-ups impacting their mood and daily well-being, leading caregivers to
describe the experience as “you torture your children” (I-OF-5). Collecting water at night
or in adverse conditions also increases physical health risks, including exposure to
cold and illnesses such as pneumonia, as well as fatigue, back pain, and higher nutri-
tional demands from carrying heavy jerrycans. Safety concerns are especially pro-
nounced in informal settlements, where caregivers worry about children, particularly
girls, facing risks of abuse or sexual assault while fetching water (see 4.3.3).

The HWISE Sleep dimension was not significantly correlated with any well-being out-
come in the survey, regardless of settlement type or gender (Figure 5-5). This item
measures how often respondents or household members went to sleep thirsty due to
lack of drinking water. However, focus group discussions highlighted that sleep disrup-
tions caused by fetching water can adversely affect health, social interactions, and
mental well-being, suggesting impacts not captured in the survey metric.
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5.3 Effect of household water insecurity experiences on productivity

Household water insecurity affects productivity through multiple pathways (Table 5-
1).
Disruption and Worry

Water scarcity and service interruptions (None and Interrupt) constrain productivity by
reducing work performance, limiting income-generating opportunities, increasing the
time and effort required for tasks, impairing concentration, and leading to poorer work
outcomes.

Water scarcity and service interruptions limit both informal and formal job opportuni-
ties, affecting activities such as washing clothes, cultivating and selling vegetables,
and the operation of businesses. Residents noted that plots or businesses without re-
liable water struggle to attract tenants or customers, including restaurants where cus-
tomers expect water for handwashing. These impacts were mostly highlighted by
younger and older women in informal settlements. Even water sellers’ livelihoods are
affected when water is unavailable, as highlighted by an older man in a formal settle-
ment.

“With availability of water, people will plant vegetables over there, which some wiill
harvest and sell for them to earn an income.” (I-YF-1)

“When there is an adequate supply of water, it creates more job opportunities be-
cause they wash clothes a lot. However, with inadequate supply of water, the job
opportunities are lost.” (I-YF-1)

“Your plot may lack tenants due to lack of water. People will choose plots where
there is access to water. Businesses will go well in areas with adequate water.” (I-
OF-5)

“Water is a burning issue because when you talk about water, it is life. However,
you are taking away my livelihood because that is where | make ends meet. Even
though | sell water, there is a time | am also affected because sometimes you don't
have that water.” (F-OM-2)

Water scarcity and interruptions also impair work performance. Limited water availa-
bility reduces work efficiency and increases costs, as businesses like vegetable kiosks
struggle to maintain hygiene and office workers must buy additional water, raising ex-
penses:

“Economically, if there is not enough water, people working in vegetable kiosks will
suffer because they will also use a little water to wash the veggies and this can
cause diseases. People working in offices will have to order truck water and this
will increase cost and expenses.” (F-OF-1)
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Concentration at work is also affected, as residents worry about securing water or
managing future supply. Particularly older men in informal settlements described con-
stant attention to water tasks even while at work:

“Most of the time, my concentration is towards water unlike in the past when it
was not something that my parents would worry about.” (F-OM-7)

“When | am at work and it's approaching weekend, concentration is compromised
because of figuring out where to get water. My concentration gets interrupted.” (F-
OM-5)

Furthermore, particularly younger and older women in formal settlements noted that
household chores become more time- and energy-consuming when residents save wa-
ter to cope with interruptions, reducing efficiency and increasing mental strain. Ade-
quate water availability allows chores to be completed quickly, with less effort, and
better outcomes. For residents working during the day, reliable water availability ena-
bles household chores to be completed quickly upon returning home, without addi-
tional time spent fetching water, reducing both effort and stress:

“When water is available, even if | come home late, | will find water and | can even
do laundry within a few minutes. Cleaning of utensils will be easier. You can also
enjoy bathing with plenty of water. But if there is no water, | will use it economically.
Water availability will ensure the house stays clean. My job will be very easy be-
cause water will be available in quantities and | won't use it sparingly.” (F-OF-5)
“[When water is unavailable] I will be taking a long time to do my house chores. |
do business so sometimes | may come home late and be forced to start looking
for water.” (F-OF-2)

Water quality also plays an important role in saving time and effort. Clean, safe water
reduces the need for additional treatment, simplifies cleaning, and helps preserve
clothes during washing:

“I think with good water quality and supply; it becomes very easy to have a clean
environment because water is cleanliness. With water, you will be able to do clean-
ing and reduce dirt drastically.” (F-YF-2)

“It saves time as well. You wouldn't need to boil water because the dwelling is
clean.” (F-YF-1)

Female residents across settlements described adequate water supply as improving
productivity, supporting well-being, and enabling smooth daily functioning:

“If the water supply is adequate, it contributes to well-being. Because you will just
feel that everything is okay. It will make one more productive.” (I-YF-4)

“[When water supply is adequate], your activities will flow well.” (I-YF-6)

“Life will be easy if water is available.” (F-OF-4)
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“I say water is life. Everything will go well if there is water.” (F-OF-7)

In informal settlements, Service interruptions (Interrupt) and Worry as well as the com-
bined Disruption and Worry subscore are negatively associated with women'’s ability to
concentrate and daily energy, but show no significant associations for men. Neither of
these HWISE dimensions is linked to number of sick days, and Water scarcity (None)
is not associated with any productivity outcome. Among women in formal settlements,
the Disruption and Worry subscore and Worry are significantly related only to ability to
concentrate, with no associations for other productivity measures. Similarly, there are
no significant productivity links for men (Figure 5-5).

Hygiene, Dignity, and Plans

Household-level productivity is heavily constrained by water scarcity. Water availability
determines not only whether and what essential household chores can be completed,
but also when and how they can be done.

Limited water supply (None) and service interruptions (Interrupt) prevent residents
from completing essential household chores such as washing Clothes, cleaning uten-
sils, and preparing Food in an adequate and hygienic manner. This disrupts daily rou-
tines, increases health risks through accumulated dirt or use of unsafe water, and af-
fects livelihood activities both within and outside the home. Participants across settle-
ments, ages, and genders stressed that water availability is critical for maintaining hy-
giene, managing household tasks, and supporting income-generating activities. Only
older men across settlements did not prominently raise these concerns.

“Without water, there is nothing you can do. With water availability, you will be able
to wash clothes; you will be able to wash utensils and you will be able to cook.
Without water, you will not be able to do anything.” (I-YF-2)

“If you do not have water in the house, you can't even go to work. Even the income
that | have will have to be spent on water.” (F-YM-7)

A young female resident in a formal settlement emphasised that water availability is a
greater constraint on whether household activities can be completed at all than quality,
as poor-quality water is managed through coping strategies like boiling or purchasing
bottled water.

“For me, it's the supply because for the quality, we have gotten used to it for a long
time. You need to boil or buy. So, what affects me most is supply. With enough
supply, everything would be better. With low water supply, there are many activities
that you cannot be able to do.” (F-YF-8)

When water is scarce, especially in households with children, residents are forced to
ration limited supplies and skip essential activities such as laundry, bathing, or
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cleaning. As aresult, household-level productivity is constrained by limitations on what
tasks can be completed:

“If the amount of water remains constant while the number of people in the house-
hold have increased, | will be forced to skip some activities like laundry, bathing,
washing utensils and dirt will increase due to reduced water. You will be unable to
do everything when there are more people.” (I-OF-3)

Water availability also dictates when household chores can be completed, as residents
must adjust their schedules around water supply. Many reported doing laundry or
cleaning only on weekends when water is available, leading to chores piling up and
creating stress, pressure to rush, practical challenges such as limited drying space,
and reduced cleaning outcomes. These constraints, affecting mainly women across
settlements who bear primary responsibility for domestic work, make them feel over-
whelmed and can lead to additional costs when hiring help. With a steady and suffi-
cient water supply, chores could be completed more regularly and efficiently.

“People wash clothes over the weekends only because you know you will lack wa-
ter at least 3 days a week.” (I-YF-1)

“With good water supply and quality, there is organization of chores because you
would be able to do general cleaning anytime. But you imagine the other way
round whereby you are only able to do laundry on weekends and you have to rush.
You even doubt whether the clothes would be very clean, or you hire someone to
wash the clothes because the clothes are too overwhelmingly many for you, an
extra expense. So, with enough supply of good quality water, it would be conven-
ient.” (F-YF-3)

“When you wash many clothes on weekends, you even lack spreading space. We
have to spread up to Tuesday for them to dry because the ropes are not sufficient.
However, if we had good supply, we would be able to wash clothes anytime. We
would have no challenge.” (F-YF-8)

Water-related routines also disrupt other activities, as women across settlement types
must prioritise fetching and cleaning over social or religious commitments to take ad-
vantage of brief periods of water availability:

“If water is available on Sunday and I have to go to church, | may not go because
I will fetch water and do laundry. That will affect where | was supposed to go. If
water is available at 2pm and | still have to go to ‘chama’ if | don't fetch at that
time I won't find it, | will be forced to skip ‘chama’ and fetch water.” (I-OF- 2)
“When there is water, fetch it immediately. You can even leave other activities and
start laundry and cleaning so that when the water leaves, it will leave you clean.”
(F-OF-2)
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Water scarcity and service interruptions also reduces productivity by consuming time
and energy for planning, securing, and treating water — resources that could other-
wise be spent on income generation or household work. Women across settlements
and age groups reported spending considerable time fetching or buying water at the
expense of income-generating activities and domestic chores. Significant mental en-
ergy is also spent on planning how, when, and where to access water:

“Most of us depend on doing laundry for other people at a fee. If there is adequate
water, we don't spend a lot of time looking for water.” (I-OF-3)

“Adequate supply of water will save time. You can spend 30 minutes fetching wa-
ter and save the other time to do something constructive. You will be able to per-
form your activities in time.” (I-YF-6)

“When there is no water, | will spend time thinking of where to get water then do
other chores.” (F-OF-2)

Where time is instead spent on paid work, residents face the financial burden of buying
expensive water from alternative sources (see 4.4.2) or relying on neighbours for sup-
ply, highlighting the trade-off between income generation and accessing water. In con-
trast, proximity to water sources can help manage time more effectively, reducing
stress, sleep disruption and fatigue.

“Since they started rationing water, it has affected us, for example, if you are a man
who goes to work from 5am to 9pm; water is available three days and you are only
available on Sunday. This will affect you. You will be forced to borrow from your
neighbour.” (I-OF-2)

“Buying water has to affect you because it’s part of life. It will affect you deeply. It
won't even pity you. If | were not buying water, | would have done a very big thing
because | bought water for the past 20 years.” (F-OM-8)

“I will have time to go to work if the water is close. And you won't have to worry
about fetching water at night after work if | have water in the house.” (I-OM-3)

Besides, poor water quality and the need for treatment further limits productivity. Fil-
tering or boiling water was described as time-consuming and physically tiring, adding
to the burden of managing already constrained schedules.

“For now, it [water] bothers me because the dispenser has no water, thus | have
to filter it, which takes about 2 h for 20 liters. It's not easy to spend 2 h doing it,
which | would otherwise spend doing something productively.” (F-OM-7)

To further explore how these time burdens translate into economic impacts, the survey
examined how time spent collecting water affects households’ ability to generate in-
come, and how this affects subjective well-being and productivity (Box 2). Related
HWISE dimensions were also examined for their associations with productivity and
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well-being. Water insecurity experiences related to Hygiene and Dignity (encompass-
ing Body, Hands, Clothes, Shame, and Plans) are significantly associated with
women's ability to concentrate and daily energy in informal settlements, but not for
men, and show no significant links to number of sick days. In formal settlements, the
Hygiene and Dignity subscore, along with Clothes and Plans (but not Body, Hands, or
Shame), is significantly related to women'’s ability to concentrate, though not to daily
energy or sick days. For men, no significant associations are observed (Figure 5-5).

Box 2 Economic burden of water collection time, effect on well-being, and produc-
tivity

Survey respondents generally reported that time spent fetching water had a low to
moderate impact on their household’s ability to earn income (Figure 5-6). However,
the perceived economic burden was consistently higher in informal than in formal
settlements. Across both contexts, households that spent more than 30 minutes per
trip collecting water, or those already facing financial hardship, were reported higher
income disruption compared to households with shorter collection times or better
financial conditions.

Household composition and employment type also influenced perceived economic
impacts. Households with children tended to view the time burden as more disrup-
tive to income generation than those without children. In formal settlements, infor-
mally employed residents experienced greater disruption than other employment
types. Similarly, in informal settlements, residents relying on informal work, self-em-
ployment, or mixed income sources reported notably greater interference with in-
come-generating activities than those with formal employment.

Together, these findings suggest that time-related economic burdens of water col-
lection are not evenly distributed, but fall most heavily on financially vulnerable, in-
formally employed, and caregiving households, particularly within informal settle-
ments.

Participants who rated water collection time as more disruptive to household in-
come tended to report lower well-being and productivity. In both informal and formal
settlements, this economic disruption was moderately and consistently linked to
poorer overall well-being (PWI composite: rs = —0.26 and —0.28, respectively). In in-
formal settlements, the strongest associations were observed for personal relation-
ships (rs = —=0.27), standard of living (rs = —0.22), and health (rs = —=0.22). In formal
settlements, similar patterns emerged, though effects were most pronounced for
environmental quality (rs = —0.32), health (rs = —=0.28), personal relationships (rs = -
0.21), future security (rs = —0.20), and standard of living (rs = —0.20). These findings
suggest that the time burden of water collection undermines multiple dimensions
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of well-being, not only through economic strain but also via perceived social and
environmental stressors.

Figure 5-6: Responses to the survey question “To what extent has the time spent
fetching water prevented anyone in your household from earning money?” by house-
hold demographics in informal (Korogocho, n = 368) and formal (Jericho Lumumba
and Harambee, n = 177) settlements. The figure shows the average responses along
with 95% bootstrap confidence intervals. Data was collected in March-May 2025.
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For productivity, economic disruption from time spent on water collection was most
strongly associated with ability to concentrate in both informal (rs = -0.35) and for-
mal (rs =-0.27) settlements, while daily energy was negatively affected only in infor-
mal settlements (rs =-0.28); no significant associations were observed for sick days.
Overall, disruptions to income from water collection burdens appear to moderately
impact multiple well-being domains and cognitive functioning, with effects on daily
energy observed only in informal settlements.

Nutritional use

Water insecurity further undermines productivity through its effects on health and the
associated financial and time burdens, a pathway that came up mainly in informal set-
tlements. When water is unsafe, unreliable, or insufficient (Body, Hands, Drink, Food,
None, Interrupt), households face increased risks of dehydration, poor nutrition, and
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poor hygiene, making them more susceptible to waterborne diseases. Treating con-
taminated water to prevent illness adds to household’s time burden and financial ex-
penses, while recovery from illness and medical visits reduce the time available for
income-generating activities and add further financial strain. These health effects cre-
ate a feedback loop of reduced productivity and rising costs, further straining liveli-
hoods.

“If | was cooking twice, for example, | would cook once [..] If they [children] eat
[only] once a day, they will suffer from Kwashiorkor [a form of malnutrition]. It
hinders me because | have to visit hospitals again.” (I-YF-2)

“You find some outbreaks where children have diarrhoea. After much diarrhoea,
the child’ immunity becomes low. Adults are also affected. When | suffer from the
same, | lose weight, appetite and when | visit a hospital, | am prescribed drugs. |
am not okay because when my child is sick, | am also kind of sick. | was also
affected financially related to water quality.” (I-YF-1)

Caring for sick household members further reduces productivity. Households may lose
income from missing work or school, forego household chores, or miss water collec-
tion, sometimes paying others to collect water in their place (see Chapter 4): “You need
to abandon your activities to attend to the child.” (I-YF-3). In addition, illness often gen-
erates substantial financial costs, including transport to health facilities, hospital ad-
mission fees, purchasing medicines, and providing food and other necessities for the
patient.

The HWISE subscore of Nutritional Use, particularly the Food component rather than
Drink, is significantly associated with daily energy among women in informal settle-
ments, but shows no significant relationship with ability to concentrate or number of
sick days. Among women in formal settlements and men across settlement types, no
significant associations are observed with any productivity outcomes (Figure 5-5).

Sleep disruption

Nighttime water collection disrupts sleep, reducing concentration and work capacity,
and can lead to oversleeping or missed activities.

In informal settlements, older residents reported fatigue and mental strain from stay-
ing awake late or waking during the night to fetch water, which affected their work
performance. Younger women highlighted the risk of oversleeping and missing work
due to insufficient sleep:

“Water does not flow throughout, sometimes it flows at night. You may be forced
to wake up at night or stay awake the whole night [...] and yet you are needed to
report to work in the morning. So, it does not only affect households but also at
work. It also affects you mentally.” (I-OM-2)
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“You won't be able to work properly because you woke up at 3am and finished
fetching at 4am. You cannot go back to sleep at that time because you will only
bathe and go to work. Your body will be fatigued and you will be sleepy.” (I-OF-2)
“When there is water scarcity, people don't catch sleep and others sleep as late as
Tam because of waiting to fetch water. If there is a place that | need to go to early
in the morning, I will oversleep and fail to go.” (I-YF-3)

In formal settlements, households with pumps can collect water quickly during con-
venient times, while those without pumps are often forced to fetch at night, when water
pressure is higher and fewer households are collecting (see 4.3.2). Nighttime collec-
tion disrupts sleep, leading to fatigue and missed work the following day. This dynamic
reduces productivity for households without pumps while those with pumps maintain
normal routines, reinforcing existing income inequalities and creating a self-reinforcing
cycle of disadvantage, as described by a younger men:

“If we have water challenges, since we have differences in income, | will be bitter
with my neighbor who has a pump. [...] | may be forced to stay awake the whole
night so that | can fetch [water] and miss going to work the following day while he
is going on with his activities. It brings conflicts between me and my neighbour.”
(F-YM-7)

Older women highlighted how households face a trade-off that undermines productiv-
ity either way. Staying up late to fetch water ensures sufficient water for daily tasks but
causes fatigue, lowers work performance, and can disrupt children’s school attend-
ance, while skipping night collection preserves rest but leaves the household with in-
sufficient water, preventing essential activities the next day:

“I have to stay till midnight or very late while fetching water so that my activities
can continue. You wake up very late and sometimes your children may end up not
going to school because you also need to go to work.” (F-OF-2)

“It affects us economically since you will be tired to perform the duties of the fol-
lowing day." (F-OF-1)

“If you do not fetch water at night, the following day you may not have water. This
may cause you not to do any activity in the house since water is life. Without water
in the house, you can't do anything.” (F-OF-3)

Across settlements and genders, younger residents described bathing as a coping
mechanism to recover from tiredness and fatigue, but this is only possible when suffi-
cient water is available:

“When one is feeling tired, you feel fresh if you bathe.” (I-YF-3)
“If | have lots of water, | do not have challenges because | can be bathing daily,
when | get tired, | can bathe.” (F-YM-7)
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Similar to the findings for well-being, the HWISE Sleep dimension shows no significant
correlations with any productivity outcomes, regardless of settlement type or gender
(Figure 5-5). Although the survey item focuses on going to sleep thirsty due to lack of
drinking water, focus group discussions revealed that sleep disruptions from water
collection can negatively affect fatigue, concentration, and overall productivity, sug-
gesting effects not fully captured by the quantitative measure.
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6 Willingness to pay for water for improved
wellbeing and productivity in informal
settlements in Nairobi, Kenya: a choice

experiment

In this chapter, we report on three models that we have estimated to analyse the data
based on the choice experiment in informal settlements. We provide answers to the
following research questions:

1. Would residents of informal settlements in Nairobi prefer improved water sup-
ply alternative to the current water supply situation?

2. Which water supply characteristics do residents value for the improved water
supply?

3. What is the willingness to pay of residents for the improved water supply?

Model 1 (see section 3.4.3 for model specification) is a basic, attribute-only model.
The negative and statistically significant alternative-specific constant (ASC, -
4.949+0.463) attached to the SQ option indicates that, all else equal, respondents as-
sociate disutility with the SQ option and thus have a baseline preference for the inter-
vention compared to SQ in each task. In other words, the intervention that includes
improved piping for water provision at the water kiosk has an intrinsic advantage to
the residents of informal settlements over the current situation. This may appear coun-
terintuitive because actual probabilities of choosing SQ and the alternative intervention
scenario in our dataset are 0.626 and 0.374, respectively. However, it can be clarified
by the difference in the attribute levels between the two options, where the intervention
always shows improvement in frequency, quality, and pressure (though at a higher
cost). A negative ASC SQ here means that the estimated model reflects that, if both
alternatives were identical in attributes, respondents would prefer the intervention.

Among the choice attributes, every coefficient except the cost is positive, and statisti-
cally significant, which means that choice attributes determined respondent choices
in the expected way. In terms of estimated coefficients, certain Water Quality is by far
the most influential factor of the three in determining respondent choices, followed by
Water Pressure with as a moderate factor and Water Supply Frequency as the least
influential factor. Specifically, making water available during one more day a week com-
pared to the current situation generates a marginal utility of 0.385+0.119 and thus con-
tributes to the probability that respondents would choose the intervention. Likewise,
delivering certain Water Quality (2.046+0.159), or providing stable Pressure at the tap
(0.706+0.121) make the intervention more attractive to respondents compared to the
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SQ option with variable water quality and variable pressure. The Cost attribute has an
expected negative sign (-1.008%0.135) reflecting respondent disutility for higher water
prices, making it less likely to choose a high-cost scenario, all else equal (Table 6-1).

We test for the presence of unobserved heterogeneity in taste, i.e. variation in prefer-
ences that are not captured by the choice attributes (or observed heterogeneity in co-
variates as in the case of models 2 and 3). Our estimates of standard deviation for
three choice attributes reveal no such heterogeneity in the valuation of Frequency (-
0.191+0.233): the estimated coefficient of the standard deviation for Water Supply Fre-
quency, under the assumed normal distribution, lies within the 95% confidence interval
of (-0.648, 0.266), and is statistically indistinguishable from zero. This implies that we
do not find taste variation in the preferences for the Water Supply Frequency in our
sample. However, we can confirm the presence of taste heterogeneity in the valuation
of Water Quality (1.43710.116) and Pressure at the tap (0.343+0.146), both of which
are statistically significant at least at p<0.01 level. This means that in our sample, res-
idents of the informal settlement vary significantly in their preferences for Water Qual-
ity and Pressure. Conventionally, we did not estimate the cost attribute as a random
parameter due to its use for the estimation of MWTP (Table 6-1).

Model 2 presents a basic model with treatment effect controlling for CE framing. Esti-
mates of Model 3 follow the same pattern as Model 1, with only slight numerical dif-
ferences in the estimated coefficients. What Model 3 shows is the statistically signifi-
cant coefficient of interaction between the ASC SQ and the Treatment (-0.350+0.177).
This means that respondents who received the DCE framed in the context of health
impacts, show a higher mean disutility of the SQ option by -0.350 units compared to
the respondents who received CE experiment framed in the context of productivity (-
4.726+0.472). This means that respondents in health treatment group are more likely
to choose the intervention alternative compared to the productivity treatment group
(Table 6-1).

Model 3 presents the mixed logit model of the type of Model 1, extended with socio-
economic covariates. This model includes gender and education of household head,
household size, number of children and years of residence as covariates and explores
the observed heterogeneity in taste for the SQ option. In particular, estimation results
show that only residence in the area has a statistically significant association with re-
spondent’s utility for the SQ. Each year of residence in the area contributes to a higher
mean disutility associated with the SQ option by -0.030+0.009 units. For an average
duration of residence of 12.4 years it would translate into a total effect of -3.883 on the
utility of choosing the SQ option. This means that residents who have longer resided
in the area have a significantly stronger preference for the alternative intervention of
improved water piping to water kiosks in informal settlements (Table 6-1).
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Table 6-1: Mixed logit model estimation results: attribute only, model with socio-eco-
nomic covariates and treatment covariate.

MODEL 1 ‘ MODEL 2 MODEL 3

Coefficient Coefficient Coefficient

Parameter (std.error) (std.error) (std.error)

Fixed parameters
ASC SQ -4.949 *** -4.726 *** -3.577 ***
(0.463) (0.472) (0.564)
frequency 0.385 *** 0.373 *** 0.304 **
(0.119) (0.119) (0.132)
quality 2.046 *** 2.048 **=* 1.957 ***
(0.159) (0.160) (0.170)
pressure 0.706 *** 0.712 **=* 0.708 ***
(0.121) (0.121) (0.134)
cost -1.008 *** -0.997 *** -0.975 ***
(0.135) (0.135) (0.147)
ASC SQ x Treatment (Health) - -0.350 ** —
(0.177)
ASC SQ x household head female - - -0.275
(0.211)
ASC SQ x household size - - 0.010
(0.042)
ASC SQ x number of children - - -0.107
(0.088)
ASC SQ x education - - -0.077
(0.108)
ASC SQ x years of residence - - -0.030 ***
(0.009)
Random parameters (5000 draws)
sd. frequency -0.191 -0.185 -0.153
(0.233) (0.237) (0.289)
sd. quality 1.437 *** 1.448 *** 1.273 ***
(0.116) (0.118) (0.125)
sd. pressure 0.343 ** 0.324 ** 0.173
(0.146) (0.153) (0.286)
Model estimation statistics
Number of respondents 357 357 357
Total N observations 4284 4284 4284
Log-likelihood (full model) -909 -905 -699
Log-likelihood (null model) —-2969 -2969 -2969
McFadden R? 0.694 0.695 0.765
AIC 1834 1828 1423

Statistical significance: *** for P < 0.01, ** for P < 0.05, *for P < 0.1

Page 116 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



Table 6-2 presents the estimates of average marginal WTP based on the preference of
informal settlement residents for the alternative option and its attributes. In particular,
MWTP for the intervention that includes installation of proper water piping in informal
settlements based on Model 1 is mounting 4.91+0.816 KSH per 20-I jerrycan in favour
of the current SQ option. A lower estimate based on Model 2 that accounts for the
duration of residence in the area reveals a WTP of 3.9810.872 KSH per jerrycan in case
of the alternative intervention. Model 3 offers two WTP estimates for the intervention
with water piping from two respondent subgroups: 4.74+0.821 KSH for respondents
who received DCE framed in terms of productivity impacts, and 5.09+0.846 KSH for
respondents who received DCE framed in terms of health impacts.

Other MWTP estimates were obtained based on Model 1. Average MWTP for each ex-
tra day per week of water availability compared to the current situation is 0.38+0.11
KSH per jerrycan, up to 1.15 KSH for 3 extra days compared to the current situation.
Average MWTP for certain water quality compared to the uncertain water quality in the
current situation is valued on average at 2.03+0.238 KSH per jerrycan, and up to 6.09
KSH for the good water quality. Average MWTP for stable water pressure at the tap
compared to the variable water pressure in current situation is valued on average at
0.7040.15 KSH per jerrycan, and up to 2.10 KSH for the strong pressure.

Table 6-2: Estimates of marginal willingness to pay (MWTP) for choice alternatives
and additional units of choice attributes.

MWTP s.e.

Attribute per201 (delta Interpretation
jerrycan  method)

ASC' 4.91 0.816 Respondents in informal settlements are will-
KSH ing to pay an average of 4.91 + 0.816 KSH for

the intervention that includes improved water
piping, instead of keeping the SQ.

ASC ? 3.98 0.872 Respondents in informal settlements who have
residence KSH resided in the area for 12.4 years (average du-
ration) are willing to pay an average of
3.98+0.872 KSH for the intervention that in-
cludes improved water piping, instead of keep-

ing the SQ.
ASC?3 4.74 0.821 Respondents in informal settlements who re-
productivity tr. KSH ceived DCE framed in terms of productivity im-

pacts are willing to pay an average of
4.74+0.821 KSH for the intervention that in-
cludes improved water piping, instead of keep-
ing the SQ.
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ASC? 5.09 0.846 Respondents in informal settlements who re-
health tr. KSH ceived DCE framed in terms of health impacts
are willing to pay an average of 5.09+0.846
KSH for the intervention that includes improved
water piping, instead of keeping the SQ.
frequency ' 0.38 0.110 Respondents in informal settlements are will-
KSH ing to pay an average of 0.38+0.11 KSH per jer-
rycan for an extra day per week of water availa-
bility compared to the current situation
quality 2.03 0.238 Respondents in informal settlements are will-
KSH ing to pay an average of 2.03+0.238 KSH per
jerrycan for a certain water quality compared to
the uncertain water quality in current situation
pressure ' 0.70 0.150 Respondents in informal settlements are will-
KSH ing to pay an average of 0.70+0.15 KSH per jer-

rycan for a stable water pressure at the tap
compared to the variable water pressure

T based on Model 1; 2 based on Model 2; 2 based on Model 3.
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7 Sanitation, lived experiences, well-being,
and productivity in formal and informal
settlements through the lens of the Human
Right to Sanitation

Access to adequate sanitation is fundamental to human health, well-being, and produc-
tivity (see Chapter 1), yet remains unevenly distributed across urban populations. In
line with SDG target 6.2, states are obligated to ensure universal access to adequate
and equitable sanitation and hygiene for all and end open defecation, paying special at-
tention to the needs of women and girls and those in vulnerable situations (United Na-
tions, 2015b). To monitor and track progress towards universal access to this goal, the
WHO/UNICEF Joint Monitoring Programme (JMP) classifies services based on the
type and safety of facility management. Improved sanitation includes facilities that
safely separate human waste from human contact, whereas unimproved sanitation fa-
cilities do not provide such separation. Within improved sanitation, basic facilities are
used by a single household, while limited facilities are shared by multiple households
(UNICEF & WHO, 2018) (see Glossary).

Sub-Saharan Africa in 2024 still recorded the world’s lowest coverage of at least basic
sanitation services (35%) and the highest proportion of its population practicing open
defecation (15%) (WHO & UNICEF, 2025). The economic and health consequences of
poor sanitation are profound. Open defecation carries higher per-person costs than
any other form of unimproved sanitation because of the time spent finding safe or
private places, the health and safety risks involved, and the expenses required to ad-
dress the resulting health and environmental problems, costing Kenya an estimated
US$324 million annually, or nearly 1% of its GDP (Water and sanitation program, 2012).

In informal settlements, sanitation provision is shaped by multiple interrelated chal-
lenges (Lebu, Gyimah, et al., 2024; Sprouse et al., 2024). Physical constraints include
limited space for facilities, unplanned layouts that complicate sewer construction,
steep or flood-prone terrain, and narrow or unpaved access, all of which hinder the
construction, emptying, and treatment of human waste (Chumo et al., 2023; Lebu, Gyi-
mah, et al., 2024). The situation is worsened by the insufficient number of facilities,
poor maintenance, and limited access to clean water (Lebu et al., 2024). Financial bar-
riers further restrict service delivery, as residents’ often lack the capacity or willingness
to pay for sanitation, while high operational and maintenance costs — particularly in
water-insecure areas — and shortages of skilled technicians impede maintenance
(Chumo et al., 2023; Kabange & Nkansah, 2019). Legal and systemic barriers, such as
insecure or non-existent tenancy agreements, and lack of formal recognition
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discourage investment in improved facilities and long-term sanitation solutions
(Awunyo-Akaba et al., 2016; Chumo et al., 2023; Lebu, Gyimabh, et al., 2024; Sprouse et
al., 2024).

In Nairobi, where over half the population lives in informal settlements, these structural
have resulted in widespread reliance on unimproved, shared toilets (Iddi et al., 2021)
that are often disconnected from sewer systems, contributing to faecal contamination
and public health risks (Sprouse et al., 2024). Open defecation remains common, fur-
ther polluting drinking water sources and spreading disease (Lebu et al., 2024). Shared
sanitation is often the only feasible option. When well-designed and properly main-
tained, shared facilities can improve sanitation access and reduce open defecation
(Lebu, Gyimah, et al., 2024; Sprouse et al., 2025). However, when facilities are poorly
managed or unhygienic, they can generate dissatisfaction, conflict, psychological
stress, and renewed reliance on unsafe practices (Tidwell et al., 2021), underscoring
the need to understand barriers to shared sanitation use, community preferences, and
lived experiences (Sprouse et al.,, 2024).

Addressing these challenges requires more than technical solutions. Sanitation ser-
vices must be aligned with local needs and (cultural) context, ensuring that facilities
are accessible, usable, and responsive to the populations they serve (Okurut et al.,
2015; Tremolet et al., 2010). This complexity highlights the importance of a rights-
based approach, as articulated in the Human Right to Sanitation (HRtS), which sets
standards for safe, equitable, and dignified sanitation for all. Sanitation facilities
should be sufficient to meet everyone’s needs, ensure hygiene, be physically accessible
and secure, be regularly cleaned, and provide for menstrual hygiene management.
They should also respect privacy, dignity, and cultural preferences, as acceptability de-
pends on how well facilities align with users’ cultural and personal expectations (De
Albuquerque, 2014).

The HRtS has been formally recognised as distinct from, though closely linked to, the
Human Right to Water (see Chapter 4). Following the 2010 UN General Assembly res-
olutions (United Nations General Assembly, 2010a, 2010c), and the 2015 resolution
clarifying this separation (United Nations General Assembly, 2015), stronger policy fo-
cus on sanitation has been enabled (Giné-Garriga et al., 2017). The HRtS encompasses
access to systems for the collection, transport, treatment and disposal or reuse of hu-
man excreta and associated hygiene (United Nations General Assembly, 2009), ensur-
ing facilities that are safe, affordable, culturally acceptable, and protective of dignity.
Its normative content is defined by the AAAAQ criteria — availability, accessibility, af-
fordability, acceptability, and quality — alongside cross-cutting principles of non-dis-
crimination, participation, accountability, sustainability, and impact (Giné-Garriga et al.,
2017; United Nations General Assembly, 2009, 2010b).
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Beyond disease prevention, the HRtS emphasises sanitation as central to quality of
life, including safety, security, privacy, and dignity. Yet, sanitation is often planned, de-
livered, and evaluated without prioritising gender equality or users’ overall quality of
life. Traditional definitions of sanitation focus on separating human waste from con-
tact to prevent infectious disease; but this overlooks broader impacts on well-being
(Marphatia et al., 2025), as highlighted in the WHO's definition of health (WHO, 1946).
Sanitation-related quality of life reflects how services and practices shape lived expe-
riences, which are influenced by gender, age, disability, and other social characteristics.
This underscores the need for sanitation measures that respect users'’ rights and dig-
nity, particularly in shared sanitation contexts, ensuring sanitation contributes to equi-
table well-being beyond disease prevention (Akter et al., 2024; Marphatia et al., 2025).

Existing monitoring frameworks, such as the JMP, focus on whether facilities are
shared or private and meet basic technological criteria, without capturing whether they
are perceived as safe, usable, and acceptable (Mazeau et al., 2013; Sprouse et al.,
2024; Tidwell et al., 2021). However, there is growing debate over the JMP classifica-
tion, as not all shared facilities are of poor quality or unhygienic. Well-designed and
well-maintained shared toilets can offer safe, acceptable, and sustainable sanitation
options, particularly in high-density settings where individual household toilets are un-
feasible (Lebu, Gyimah, et al., 2024; Sprouse et al., 2025). High population density, un-
planned layouts, and dynamic settlement boundaries further complicate monitoring in
informal settlements, often underestimating shared sanitation prevalence and obscur-
ing gaps in quality and usability (Ren et al., 2020; UN-Habitat, 2015).

Despite growing attention to sanitation in informal settlements (Chumo et al., 2023;
Sprouse et al., 2024), important gaps remain in understanding access, use, and lived
experiences of sanitation in both formal and informal settlements, and how these
shape health, well-being and productivity. Understanding how facilities are distributed,
perceived, and experienced is essential for designing sanitation systems that are ac-
ceptable, equitable, and sustainable (Sprouse et al., 2024; S. Winter et al., 2018). There
is a need to compare user satisfaction and lived experiences between private and
shared sanitation facilities, quantify associated health and well-being outcomes, and
evaluate service improvements in informal settlements (Lebu et al., 2024; Sprouse et
al., 2025). Evidence remains limited on how lived sanitation experiences vary across
groups — particularly women, children, and people with disabilities — and how these
differences differently affect health, well-being, gender equality, and overall quality of
life (Tidwell et al., 2021; Marphatia et al., 2025).

One tool to assess how sanitation affects well-being beyond disease prevention is the
Sanitation-related Quality of Life (SanQoL-5) scale, developed by Ross et al. (2022) and
recently validated across six countries, including Kenya (Akter et al., 2025). It people’s
experiences of sanitation across five key domains (disgust, health, privacy, safety, and
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shame) and allows to analyse gendered differences in sanitation experiences (Mar-
phatia et al., 2025). The tool has proven sensitive to variations in infrastructure quality
and service delivery, with individuals accessing higher sanitation service levels con-
sistently reporting higher SanQoL scores (Akter et al., 2025). SanQoL has since been
applied in impact evaluations, providing a robust means of assessing how sanitation
interventions translate into measurable improvements in quality of life.

In East Africa, the SanQoL-5 index has been used to assess the impact of a range of
sanitation interventions in both rural and urban settings. In low-income neighbour-
hoods of urban Mozambique, households using high-quality shared toilets showed a
1.6 standard deviation increase in SanQoL compared to those using low-quality pit la-
trines, especially in feelings of safety and privacy (Ross, Greco, Adriano, et al., 2022).
In rural Malawi, SanQoL was used to evaluate Community-Led Total Sanitation com-
bined with peer-support programmes (Chidziwisano et al., 2025) and to assess willing-
ness to pay for sanitation-related quality of life improvements (Panulo et al., 2025). In
Ethiopia, it captured improvements in students’ sanitation experiences and overall
well-being following school-based WASH programmes (Bick et al., 2024). In informal
settlements in Kenya, Peru, and South Africa, Exton et al. (2025) found that SanQoL is
strongly influenced by the reliability and quality of sanitation services, highlighting the
scale’s sensitivity to differences in perceived service quality. Beyond Africa, SanQoL
has been applied in Haiti revealing that users of container-based sanitation experi-
enced large improvements in sanitation-related quality of life, especially among those
who had previously lacked any toilet facility. In India, higher SanQoL scores and the
presence of toilets were strongly linked to better well-being among slum residents
(Lekha et al., 2025).

This chapter applies the HRtS framework to understand how sanitation access, use,
and lived experiences shape quality of life, well-being, and productivity in formal and
informal settlements of Nairobi. Unlike most studies that focus solely on informal set-
tlements, it adopts a comparative, mixed-methods approach across both settlement
types. A household survey captures the types of facilities used—including private ver-
sus shared toilets—and situates these data within Kenya’s rural, urban, and national
context, as monitored by JMP. Sanitation-related quality of life, well-being, and produc-
tivity are measured using the SanQoL scale, Personal Wellbeing Index, and WHOQOL-
based indicators, while focus group discussions provide insight into lived experiences
through the HRtS framework.

To our knowledge, this is the first study to integrate HRtS, SanQolL, well-being and
productivity outcomes in this way, offering novel, gender-sensitive insights into the re-
alisation of the HRtS in formal and informal settlements and generating context-spe-
cific insights to inform more equitable urban planning and policy. To our knowledge,
this is the first study to compare SanQoL in formal versus informal settlements and to
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examine sanitation-related quality of life by toilet facility, service level, and gender, ad-
dressing gaps identified by Akter et al. (2025). By integrating HRtS, SanQoL, well-being
and productivity outcomes for the first time, this study offers novel, gender-sensitive
insights and generates actionable, context-specific evidence to inform more equitable
urban planning and sanitation policy.

The following research questions will be addressed:

1. Hasthe Human Right to Water been realised in formal and informal settlements
in Nairobi, Kenya?

2. How do sanitation service levels in formal and informal settlements, classified
using JMP definitions, compare with national, urban, and rural coverage in
Kenya, as well as regional coverage in West and East Africa?

3. How does sanitation-related quality of life vary by settlement type, gender, san-
itation service level, and type of toilet facility?

4. How do sanitation-related quality of life experiences influence well-being and
productivity, and how do these effects differ by settlement type and gender?

7.1 Human Right to Sanitation in formal and informal settlements

7.1.1 Availability and accessibility

Availability refers to the presence of a sufficient number of improved sanitation facili-
ties that safely separate human waste from human contact, ensuring hygienic condi-
tions. While access to sanitation in high-use public spaces, such as schools,
healthcare centres, workplaces, and markets, is also essential, this study focuses spe-
cifically on household-level availability. In this context, each household should have
one or more functional facilities either within the dwelling or in its immediate vicinity,
suitable for individual or shared use (Giné-Garriga et al., 2017).

Sanitation infrastructure varies greatly between formal and informal settlements. In
formal settlements, nearly all respondents reported to have access to private, im-
proved sanitation facilities with piped sewer connections, and availability of sanitation
facilities did not come up as a topic in focus group discussions. In informal settle-
ments, most households had improved sanitation facilities — mainly pit latrines with
slabs, flush systems connected to piped sewers, and composting toilets — while 18.0%
used unimproved sanitation, such as pit latrines without slabs or open pits and flush
systems leading to open drains (Table 7-1, see Glossary).
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Table 7-1: Main sanitation facilities and access type (private, shared, public) in infor-
mal and formal settlements, based on household survey data collected in March-May
2025 in Korogocho (n = 368) and Jericho Lumumba and Harambee (n = 177), reported
in % of respondents per response option.

Informal Formal
(n =368) (n=177)

Improved sanitation

Pit latrine with slab 42.7 -
Flush to piped sewer system 14.7 98.9
Flush to pit (latrine) or drum 54 0.6
Flush to septic tank 1.4 0.6
Composting toilet 7.6 -
Ventilated improved pit latrine (VIP) 4.9 -
Flush to don't know where 54 -
Unimproved sanitation

Pit latrine without slab/ Open pit 9.0 -
Flush to open drain 8.7 -
Bucket 0.27 -
Private facility 1.1 98.3
Shared with compound household 79.3 1.1
Shared with general public 19.6 0.6

Residents in informal settlements, especially women and older men, emphasised the
lack of sanitation facilities, driven by limited space from overcrowding and insecure
land tenure, with landlords prioritising rental units over toilets to maximise profits. Reg-
ular demolition of existing toilets as a protection measure against flooding further frus-
trated residents:

“Korogocho has a lot of issues apart from water; we do not have toilets. We are
talking about water but we do not have toilets.” (I-OF-4)

“We have problems with water and toilets in our village.” (I-OM-7)

A landlord may lack the space to build the toilet because of how plots are
squeezed. The landlords find it hard to sacrifice one room for a toilet.” (I-OM-4)
“They [the government] even destroyed toilets [when demolishing houses for
flood protection]. When they demolished houses, they destroyed water pipes and
toilets. This is an issue.” (I-OF-4)

“The toilet was for the community, which everyone was visiting to use. When it
was demolished, people lost hope.” (I-YF-2)

Limited availability of toilets, resulting from insecure tenure and lack of landlord invest-
ment, forces many to find improvised sanitation solutions or resort to open defecation.
Some adapted by converting rooms into makeshift pit latrines or reinstalling previously
demolished facilities:
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“The problem is that most people there are tenants but not landlords. You cannot
construct a toilet on someone’s land. Currently you sort out yourself when it comes
to sanitation. You even wake up to open defecation everywhere.” (I-YF-1)

“In some plots, one room is converted into a pit latrine... We brought a toilet that
was recently demolished by the government.” (I-OM-7)

Physical accessibility refers to the ability of all users to reach and use sanitation facil-
ities safely and consistently at any time of day or night, with reasonable waiting times.
Accessibility-related safety concerns primarily involve the journey to and from the facil-
ity, including its location, visibility, and the security of the route. Facilities should be
conveniently located and minimise risks of harassment, assault, or injury, particularly
for women, children, older persons, pregnant women, people with disabilities, and
those with chronic ilinesses (Giné-Garriga et al., 2017).

Survey data show clear differences in accessibility between settlement types. In for-
mal settlements, nearly all households (97.8%) have access to a private toilet. In infor-
mal settlements, almost all households share a facility within the same compound
(79.3%) or with the general public (19.6%), while having a private toilet is rare (1.1%)
(Table 7-1).

Issues of accessibility rarely came up in focus group discussions. However, one young
woman living in an informal settlement noted that at night, distance and user fees can
limit access, demonstrating how accessibility intersects with affordability and safety,
in shaping the realisation of the HRtS:

“People are unable to visit the toilet at night because the available toilet is far and
it is charged a fee.” (I-YF-1)

7.1.2 Quality and safety

Quality and safety refer to the conditions within and surrounding sanitation facilities
once accessed. This includes their structural stability, cleanliness, and hygienic relia-
bility for individual users and the broader community. Facilities should be structurally
stable and designed to minimise accidents, with particular attention to the needs of
children and people with disabilities. Hygienic safety requires that human excreta is
effectively contained, preventing contact with people, animals, and insects, and that it
is safely treated or disposed of. Facilities should enable personal hygiene, including
handwashing and menstrual hygiene management. Regular cleaning, emptying of pits
or containers, and maintenance are crucial to sustain the facility’s usability and ensure
ongoing safe access (Giné-Garriga et al., 2017).
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In informal settlements, self-constructed toilets pose structural and hygienic risks.
Residents described makeshift pit latrines built by converting rooms within plots,
which can attract insects:

“In some plots, one room is converted into a pit latrine. Toilet maggots may end
up coming into my house.” (I-OM-7).

Unsafe disposal of human waste is a persistent challenge in informal settlements,
contributing to environmental contamination and public health risks. The absence of
sewer networks and inadequate drainage systems often leads to toilets being emptied
directly into rivers or waste being dumped in the environment, contaminating water
sources. During heavy rains or floods, this waste often spreads into homes and streets,
contaminating the environment and nearby water sources, and increasing the risk of
waterborne diseases such as cholera and diarrhoea. Flooding thus amplifies the im-
pacts of poor sanitation, intensifying both environmental and public health hazards
(see Chapter 8).

“In Korogocho, we don't have a sewer line. The toilets are also full and usually,
when they are emptied, they are disposed of into the river.” (I-YF-2)

Water insecurity (see Chapter 1) worsens sanitation challenges, not only through flood-
ing that overwhelms facilities and spreads contamination, but also when insufficient
or unsafe water makes toilets unusable, increases costs for water-dependent systems,
and limits households’ ability to safely manage human waste, intensifying both envi-
ronmental and public health risks. Practices such as open defecation or use of “flying
toilets” occur, particularly when toilets are distant, costly, or inaccessible at night. Yet,
no survey respondents reported practising open defecation.

“We also have a toilet. However, we have now closed it because of lack of water.
If we opened it for use, the faecal waste won't be flushed due to lack of water. So,
lack of water has rendered it non-operational.” (I-YM-1)

“When there is water unavailability, the fee [to use sanitation] is increased. It is
KES 20 or KES 30. Maybe you don't have the KES 20 or KES 30. It affects because
flying toilets’ become common.” (I-YM-5)

Flooding further compromises sanitation infrastructure, causing overflows from full
toilets and damaging facilities that otherwise ensure safe disposal. In some cases,
toilets providing improved sanitation were demolished as a flood protection measure
(see Section 8.3), reducing access to safe sanitation and generating frustration among
residents over the inadequacy of formal authorities in supporting or maintaining func-
tional sanitation facilities:

“There was a time it rained and the drainage got blocked a toilet in our plot was
full and its contents overflowing.” (I-OM-2).
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“When it rains, the toilets are something else because they mix with the floods.” (I-
YF-2)

“We had biogas [toilet] but during the recent floods, the chief brought a bulldozer
and demolished it. We asked the chief how he could demolish a toilet that is help-
ing the residents here. He replied that he was instructed to do so. It provided good
sanitation. It was very painful when it was demolished.” (I-OM-4)

In formal settlements, toilets are typically connected to sewer systems, but population
pressure on existing infrastructure can lead to blockages and overflowing sewage:

“You will find that even toilets are blocked due to the high population of people.
There is sewage [...| which always overflows.” (F-OF-3)

Flooding presents an additional challenge, as blocked sewers during heavy rains can
cause toilets on lower floors to overflow, particularly in homes where multiple residents
share a single facility, creating serious sanitary and practical problems:

“When flood water blocks the sewer, even our toilets on the lower floors start to
block. When this happens, staying in the house becomes a challenge. These
houses are small and big families live there sharing the same toilet; this is a very
big challenge.” (F-OF-6)

Besides, functionality and hygiene of existing sanitation facilities are also constrained
by water access. Water supply is intermittent, and pressure limitations can prevent
water from reaching bathrooms (see Section 4.1.2). Households without pumps are
unable to flush toilets or use showers, relying instead on buckets for bathing and flush-
ing, which reduces living standards and quality of life. Unlike in informal settlements,
however, facilities generally remain operational and human waste continues to be dis-
charged:

“When you see us supplied with water, it's not accessed in the toilet; it's not ac-
cessed in the bathroom. Therefore, the water supply services have lowered our
standard of living because when you want to bathe, you pour water into a basin
and throw water onto your body with your hands.” (F-OM-1)

“If you don’t have a pump, you won't be able to have water supply in the bathroom
and the toilet. You have to pour flush with a bucket.” (F-YF-8)

Water scarcity not only impedes the safe disposal of human waste but also under-
mines the quality and safety of sanitation facilities in both types of settlements. Insuf-
ficient water for flushing or cleaning leads to unsanitary conditions and strong odours.
In informal settlements, strong odours make “it impassable in Korogocho due to the bad
odour”, whereas “when water is available, people are able to wash the toilet and eliminate
the odours” (I-OF-8). In formal settlements, limited water supply similarly affects
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sanitary conditions, as households are forced to ration water for flushing, causing frus-
tration of managing sanitation during water shortages:

“You will have to use a very small amount of water in the toilet. Children may also
be misusing water since they do not know the situation of water.” (F-OF-5)

In formal settlements, households also experience reduced hygiene as they are forced
to ration water for toilet use. These conditions contribute to frustration of managing
sanitation during water shortages, domestic tensions, and even psychological strain.
When water runs out, toilets often remain unflushed, as family members unused to
fetching water manually are required to collect and carry it for flushing. This results in
unpleasant odours and domestic tension, particularly during times of higher household
demand, such as school holidays:

“Constant and consistent water supply contributes to psychological satisfaction.
Yes, being psychologically and emotionally fit. You have no stress like, ... ‘This toilet
is emitting odour’.” (F-YF-3)

“Water insecurity is usually very annoying especially a period like this that children
are on school holidays. You always have to shout in the house because people are
not used to fetching water with a bucket to flush the toilet and left it as it is, then
it starts to emit odour.” (F-YF-3)

Supply interruptions, higher water prices during shortages, and reduced quality of
piped water during the rainy season or immediately after interruptions further compro-
mise sanitation quality. Residents cope by using alternative water sources, reserving
safe water for drinking and cooking, and relying on lower-quality sources for flushing
toilets and cleaning (see Section 4.4.3). This occurs in both formal and informal set-
tlements and can result in unsanitary toilet conditions, including the use of sewerage-
contaminated water or rainwater of uncertain quality:

“The toilet is now dirty because people are still using the toilet without water. Some
are opting to use sewerage water.” (I-OF-1)

“For the rainwater, the roof is not appropriate. We use it for washing, toilet and all
that.” (F-YF-8)

“[When piped water supply is reinstated] The first few jugs are dirty and can only
be used in toilets.” (F-OF-7)

Handwashing and personal hygiene are significantly affected by water availability in
both formal and informal settlements. In informal settlements, limited water near san-
itation facilities restricts handwashing, bathing, and diaper changing, increasing health
risks such as diarrhoeal disease particularly among children. Water scarcity also gen-
erates domestic tensions, as children may unknowingly use substantial amounts of
water for handwashing, leaving less for other household activities, while still
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sometimes eating without properly cleaning their hands, further increasing the risk of
infection.

“Sometimes we also do not wash our hands thoroughly due to lack of water. This
causes a lot of health hazards.” (I-OM-4)

“A parent can be changing her child's diapers and not bathing after due to lack of
water.” (I-OM-4)

“Water insecurity will affect us because diseases will increase. We are used to
telling children to wash their hands, children may use a lot of water in cleaning
their hands and decrease the amount of water in the house. Children may end up
eating without cleaning hands after playing, this may lead to illnesses. " (I-OF-2)

Periods of adequate water supply, such as during the COVID-19 pandemic, allowed for
better hygiene practices and reduced these hygiene-related health risks. These experi-
ences underscore the value of best practices for maintaining personal and household
hygiene during water shortages and emphasise the critical role of reliable water ac-
cess in safeguarding public health:

“During the Covid period, we did not have water challenges [..] Along the streets
you would find water stations; a jerrycan of water for you to wash your hands with
soap. Now, because of rationing, you find that someone visits a toilet at their place
but there is insufficient water, thus no one is concerned about handwashing. There
is not enough water, so there are no handwashing stations. You find certain out-
breaks of diarrhoea among children.” (I-YF-1)

In formal settlements, intermittent water supply makes it difficult for children to wash
their hands after using the toilet, particularly when water is not available in bathrooms
and must be fetched from elsewhere, increasing the risk of water-washed disease
transmission and adding stress for caregivers.

“It's very hard controlling kids. If they have to fetch from somewhere to wash their
hands, they may fail to, lack of which affects their health.” (F-YF-2)

“When children lack running water after using the washroom, they will just walk
away without washing their hands. They will grab something to eat that they come
across without washing their hands. Next day, they experience diarrhoea.” (F-YF-
8)

In both settlements, adults also struggle to maintain personal hygiene, including bath-
ing and genital cleansing, during water shortages. This can create stress and increase
the risk of illness, including sexually transmitted infections:

“It affects me because when | lack water, | stay several days without bathing. |
engage in sexual activities and | could be infected with some diseases such as
gonorrhoea and syphilis because | am dirty.” (I-YM-1)
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“It becomes hard for me to maintain my hygiene. You need water to maintain
hygiene, like water for bathing.” (F-YM-4)

These challenges of water insecurity, affecting personal hygiene such as handwashing
and bathing, closely intersect with household water insecurity experiences (HWISE di-
mensions) and are linked to a wide range of health, well-being, and productivity out-
comes, which are discussed further in Chapter 5.

7.1.3 Affordability

Affordability refers to the extent to which all people can access and sustain sanitation
services — covering construction, emptying, maintenance, treatment, and disposal of
waste — at a cost that does not compromise their ability to meet other essential needs
such as water, food, housing, health care, or education. In waterborne sanitation sys-
tems, the effects of water disconnections due to unaffordability must also be consid-
ered, as these directly affect the continued use and functionality of sanitation facilities
(Giné-Garriga et al., 2017).

In informal settlements, the affordability of sanitation infrastructure limits its very
availability, as insecure land tenure and low household incomes constrain investment
in toilets (see 7.1.1). In formal settlements, by contrast, affordability affects function-
ality rather than availability. Households that cannot afford water pumps are unable to
access running water in bathrooms, leaving existing toilets unusable. As one woman
described, “For some of us, the water only comes in the kitchen... | have never flushed
water in the toilet” (J-OF-6). An older man noted that a child mistook a shower for a
light bulb because it had never produced water (J-OM-9).

Not only the affordability of infrastructure, but also the cost of ongoing use remains a
critical barrier to the realisation of the HRtS, particularly in informal settlements. When
water supply is limited (see Section 4.1.1), user fees for water-dependent toilets in-
crease, further restricting access:

“When there is water unavailability, the fee is increased. It's usually Shs.5. It is
charged at Shs.10 when there is no water. The more the water scarcity, the higher
the fee. It is Shs.20 or Shs.30.” (I-YM-5)

In formal settlements, participants noted that higher water prices during supply inter-
ruptions force households to reduce water use (see Section 4.1.4), which can compro-
mise the quality and safety of toilets (see Section 7.1.2), although no direct link be-
tween water affordability and toilet usability was explicitly mentioned.

Waterless, container-based toilets, such as those provided by Fresh Life, have been
introduced in informal settlements to improve sanitation access by offering safe waste
collection services for a monthly fee. However, uptake is limited because many low-
income households cannot afford the required payments, reported at around KSh 800-
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850 per month. When payments are missed, waste collection is suspended, and toilets
may be closed or removed, forcing residents back into unsafe sanitation practices:

“The problem [with Freshlife toilets] comes in when contributing the monthly ksh.
850 five months later. If there is no money for that month, the person that does
waste collection won't come. People will continue using the toilet till it's com-
pletely full. The toilet will be closed and eventually taken away. " (I-OF-2)

“There are those [Fresh Life toilets] that are emptied weekly; there are those that
are emptied monthly. It depends on those who live there. ” (I-YF-1)

These accounts show that affordability affects not only access to toilets but also the
quality, maintenance, and frequency of services. Households with sufficient income
can ensure regular waste collection, while poorer households experience irregular or
interrupted service, limiting the continued use and safety of facilities. In this way, eco-
nomic constraints directly restrict the sustained realisation of the human right to san-
itation in informal settlements.

7.1.4 Acceptability

Acceptability refers to whether sanitation facilities and services align with cultural
norms, ensure privacy, and meet gender-specific needs. This includes appropriate de-
sign, location, and conditions of use, separate facilities for women and men in public
spaces or for girls and boys in schools, and support for culturally appropriate hygiene
practices (Giné-Garriga et al., 2017). Acceptability is a cross-cutting dimension, inter-
secting with availability, accessibility, affordability, and quality and safety, and is
closely linked to sanitation-related quality of life (SanQoL), particularly privacy, dignity,
and avoidance of shame (see Section 7.3). In this study, acceptability is therefore re-
flected across other sections and will be analysed by gender, sanitation service levels,
and toilet type in the SanQoL analysis (see Section 7.3.1).

Although participants rarely discussed acceptability directly, several accounts high-
light its relevance to well-being and dignity, particularly in informal settlements. One
young woman described how water scarcity, menstruation, and hunger combine to
create stress and reduce peace of mind:

“With water insecurity, as ladies when we are experiencing the female’s affairs and
we have not eaten, it's just stressful. You have no peace of mind, thus cannot take
a walk” (I-YF-3).

An older man’s comment illustrates how residents perceive the limitations of formal
sanitation systems, expressing resignation and frustration about the inability of au-
thorities to provide functional toilets, and the compromises households make in re-
sponse:
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“It is even better if we continue living as we have been living. Instead of the gov-
ernment planning for us, it is better if we continue living as we are with flying toi-
lets.” (I-OM-4)

7.1.5 Community recommendations

In informal settlements, older women describe improving sanitation availability as a
collective, community-led effort, where they identify households without toilets and
encourage owners to create space, sometimes by demolishing a room, to construct
one. Such collaboration is supported through local meetings and agreements before
seeking assistance from organisations. One example is Fresh Life, a social enterprise
that provides waterless, container-based toilets and waste collection services in Nai-
robi's informal settlements. Households or landlords typically pay an installation and
service fee, which can enhance toilet availability but may also restrict access for low-
income residents. These initiatives demonstrate women'’s active leadership and mu-
tual accountability in expanding sanitation coverage, yet, they also occur within a con-
text of enforcement, where residents fear penalties or arrest for lacking toilets. Older
men, in contrast, emphasise education and oversight, discussing efforts to raise
awareness about sanitation and water issues, assess the condition or number of Fresh
Life toilets, and encourage their use.

“We do not construct [toilets], we come together, talk and come to an agreement.
After the agreement, we called “freshlife” agents to come and set up the toilet for
us. It is a must to give money.” (I-OF-2)
“We are trying to see if the number of Fresh [life] toilets [a specific type of com-
posite toilets that are quite commen in informal settlements] has increased
since the ones installed in the past have been removed. We try to educate the
residents on matters of toilets and water.” (I-OM-4)
Together, these perspectives illustrate how residents collectively contribute to the re-
alisation of the human right to sanitation — through women'’s practical coordination
and men'’s informational and supervisory roles — while navigating ongoing challenges
of regulation, affordability, and funding. The dimension of availability thus closely in-
tersects with affordability, as missed service payments can interrupt waste collection
and lead to unsanitary conditions (see 7.1.3).

7.2 Sanitation service levels in Nairobi's formal and informal settle-
ments relative to national and regional contexts

Classifying sanitation in our study areas according to JMP definitions (UNICEF & WHO,
2018 or see Glossary) to be set against national, urban, and rural coverage in Kenya
(WHO & UNICEF, 2025) reveals the following. Nationally, according to the JMP, 35.8%
of the population use safely managed sanitation, 5.1% basic, 27.6% limited, 25.6% un-
improved, and 5.9% practiced open defecation in 2024. In urban areas, only 27.9% of
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the population use safely managed services, while nearly half (49.7%) rely on limited
sanitation services. In the formal settlements included in our study, almost all house-
holds (98.3%) reported to use basic or better sanitation, with a small share using lim-
ited services (1.7%). In contrast, in the informal settlements, the vast majority (81.5%)
reported to use limited service levels, 17.9% use unimproved, and only 0.5% have basic
or better services. This indicates that sanitation conditions in informal settlements are
notably worse than in formal ones, and considerably below urban and national aver-
ages (Figure 7-1).

Figure 7-1: Sanitation service levels in Kenya by settlement type. Bars show percent-
age coverage for total, rural, urban, formal settlement, and informal settlement popu-
lations. National-level data (total, rural, urban; 2024) are from the JMP WASH Data
Portal (WHO & UNICEF, 2025). Coverage for formal and informal urban settlements is
based on household surveys conducted in March—May 2025 in Jericho Lumumba and
Harambee (n = 177) and Korogocho (n = 368). Service levels follow JMP definitions
(see Glossary).
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In urban Sub-Saharan Africa (SSA), sanitation coverage in Kenya falls below regional
averages across most service levels. Safely managed sanitation reaches 27.9% of the
urban population, compared with the SSA average of 31.8%. The lowest coverage oc-
curs in Somalia (17.3%), Ethiopia (18.9%), and Uganda (24.6%) in East Africa, and in
Mali (9.8%), Togo (15.0%), and Ghana (17.6%) in West Africa. Basic sanitation in urban
Kenya is 11.8%, below the SSA average of 16.4% (Figure 7-2).

Although Kenya’'s national urban sanitation averages already fall below regional
benchmarks, the Nairobi case highlights even starker contrasts. In formal settle-
ments, nearly all households reported to use basic sanitation (97.8%), far exceeding
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most East and West African urban averages. In contrast, informal settlements are dom-
inated by limited services (81.5%), surpassing even the highest national urban levels
in SSA, such as Kenya (49.7%), Guinea (49.1%), and Ghana (48.3%). Reliance on unim-
proved sanitation (18.0%) is also comparable to some of the most affected urban ar-
eas, including Somalia (18.1%) and Liberia (14.5%), even though highest coverage in
region at 45.3% in Ethiopia.

Figure 7-2: Sanitation service levels in urban areas of West Africa (left) and East Africa
(right) by country?. Bars show percentage coverage for urban populations (2024). Data
taken from the JMP WASH Data Portal (https://washdata.org/data/household). Ser-
vice levels follow JMP definitions. See Glossary for further definitions.
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7.3 Sanitation-related quality of life

The Sanitation Quality of Life (SanQoL) scale captures how sanitation affects people’s
everyday wellbeing across five dimensions: disgust, health, privacy, shame, and safety
(Ross, Greco, Opondo, et al., 2022). These dimensions align closely with the HRtS, with
disgust, health, and safety reflecting the quality and safety of facilities, and privacy and
shame capturing their acceptability and dignity aspects.

In informal settlements, sanitation-related concerns were widespread. A large majority
reported feeling disgust (78.3%) and health concerns (77.2%) about sanitation condi-
tions at least sometimes, with 26.6% and 30.7% respectively experiencing these fre-
quently (always). Feelings of shame (52.7%), concerns about safety (40.5%) and pri-
vacy (31.0%) were also common, with around 14% of respondents experiencing these
issues always (Figure 7-3 B). The average SanQoL index — a summary measure

2 West Africa: BEN = Benin, BFA = Burkina Faso, CPV = Cabo Verde, GMB = Gambia, GHA = Ghana, GIN = Guinea, GNB = Guinea-
Bissau, CIV = Ivory Coast, LBR = Liberia, MLI = Mali, NER = Niger, NGA = Nigeria, SEN = Senegal, SLE = Sierra Leone, TGO = Togo
East Africa: BDI = Burundi, COM = Comoros, DJI = Djibouti, ETH = Ethiopia, KEN = Kenya, RWA = Rwanda, SYC = Seychelles, SOM =
Somalia, SSD = South Sudan, UGA = Uganda, TZA = United Republic of Tanzania (African Development Bank, 2025)
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reflecting overall sanitation-related quality of life on a scale from 0 (lowest) to 1 (high-
est) — in informal settlements was 0.64 + 0.30 (Figure 7-3 A).

Figure 7-3: (A) Average Sanitation-related Quality of Life (SanQoL-5 index) in formal
and informal settlements, with **** indicating a significant difference (p < 0.0001). (B)
Share of households reporting SanQoL experiences at least sometimes (solid line) or
always (dashed line). Data from household surveys conducted in Korogocho (n = 368)
and Jericho Lumumba/Harambee (n = 177), March—May 2025.
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In contrast, respondents in formal settlements reported substantially fewer sanitation-
related concerns. Similar to informal settlements, the most common experiences, re-
ported at least sometimes, were feelings of disgust (44.1%), health worries (37.9%),
and shame (23.7%), though these were far less prevalent. Concerns about safety
(4.5%) and privacy (1.1%) were rare, and experiences described as always were un-
common across all dimensions (Figure 7-3 B). The average SanQoL index in formal
settlements was 0.89 + 0.14, indicating a significantly (p < 0.0001) better overall sani-
tation-related quality of life compared to informal settlements (Figure 7-3 A).

These findings highlight notable inequalities in sanitation-related quality of life be-
tween formal and informal settlements, pointing to persistent gaps in fulfilling the hu-
man right to safe, acceptable, and dignified sanitation.

7.3.1 Non-discrimination and equity

This section examines how sanitation-related quality of life varies by gender, JMP ser-
vice levels, and type of toilet facility. It addresses gaps identified by Akter et al., (2024),
who highlighted the need to investigate gender differences and to explore in more de-
tail which toilet facilities or characteristics are associated with the greatest gains in
SanQoL-5.
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Figure 7-4: Share of respondents reporting SanQoL experiences at least sometimes
(solid line) or always (dashed line) in informal (left) and formal (right) settlements, by
(A) gender, (B) JMP sanitation service levels, (C) improved sanitation facilities, and (D)
unimproved sanitation facilities. Data from household surveys conducted in
Korogocho (n = 368) and Jericho Lumumba/Harambee (n = 177), March—May 2025.
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In informal settlements, both men and women reported the same pattern of sanitation-
related concerns, with disgust, health, and shame most commonly experienced. A
higher proportion of women than men reported experiencing disgust (80.8% vs.
67.1%), health concerns (79.7% vs. 65.8%), and shame (54.4% vs. 46.1%) at least
sometimes. Always experiencing disgust (29.0% vs. 18.4%) and health concerns
(33.2% vs. 22.4%) was also more common among women than men, while always ex-
periencing shame (15.4% vs. 13.2%) and safety (13.6% vs. 14.5%) was less common
and similar across genders. In formal settlements, the same three concerns were most
widespread and more commonly reported by women, though overall prevalence was
lower than in informal settlements and gender differences smaller. Disgust (45.6% vs.
40.7%), health (41.2% vs. 32.2%), and shame (25.4% vs. 20.3%) were the most wide-
spread concerns experienced at least sometimes. Experiencing these concerns al-
ways was rare, with only 4.4% of women reporting disgust or health, and near-zero
percentages for men (Figure 7-4 A).

Sanitation-related concerns also differed by JMP sanitation service level (UNICEF &
WHO, 2025), with distinct patterns observed among users of basic, limited, and unim-
proved services, and across settlement types. In informal settlements, similar patterns
were observed across unimproved and limited service users. Disgust, health, and
shame were reported at least sometimes by the majority of respondents, while a
greater share of unimproved service users reported safety (50.0% vs. 38.0%) and pri-
vacy (37.9% vs. 29.3%) concerns at least sometimes compared with limited service
users. Experiencing concerns always was reported by a lower share of limited service
users (12.0-30.3%) than among unimproved service users (21.2-33.3%), with health
(30.3% vs. 33.3%) and disgust (25.3% vs. 33.3%) being the most commonly reported
persistent concerns. Only a few respondents in informal settlements used basic ser-
vices; all reported at least sometimes experiencing disgust and safety concerns, and
about half also reported concerns with health, privacy, and shame. In formal settle-
ments, experiencing disgust and health concerns at least sometimes was less com-
mon among basic (43.7% and 37.4%, respectively) than limited (both 66.7%) service
users, but more basic users at least sometimes experienced shame (24.1% versus 0%),
while privacy and safety concerns were rare for both service levels. Always experienc-
ing concerns was rare among basic and limited service users (0-3.4%). (Figure 7-4 B).

Experiences of sanitation-related concerns vary widely by toilet facility. Among im-
proved facilities in informal settlements, flush to septic tank, flush to pit (latrine) or
drum, pit latrines with slabs, and ventilated improved pit latrine (VIP) are associated
with the highest shares of respondents reporting concerns at least sometimes, while
composting toilets and flush to piped sewer systems generally show the lowest
shares. Concerns experienced always are generally lower, but remain substantial for
some facility types — particularly flush to septic tank (60% always reporting disgust
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and health), flush to pit or drum (45% for disgust and health), and pit latrine with slab
(33.4% and 40.1% for disgust and health, respectively). Users of ventilated improved
pit latrines (VIP), composting toilets, and flush to piped sewer systems reported per-
sistent disgust and health concern levels much less frequently (0-13%). Across al-
most all improved facilities, disgust and health are the most frequently reported con-
cerns. Privacy concerns are generally lower (yet still experienced sometimes by 7.1%-
38.9% of users), while shame and safety show notable variation. Shame is lowest for
composting toilets (10.7% at least sometimes) and highest for flush to septic tank
(80%) and flush to pit or drum (85%). Safety concerns are lowest among composting
toilet users (3.6%) and highest among flush to septic tank users (60%) (Figure 7-4 C).

Users of unimproved sanitation facilities in informal settlements report higher con-
cerns than those using improved facilities. Disgust and health are still the most com-
mon sanitation-related concerns, experienced at least sometimes by 53.1-100% of
users of flush to open drains, open pits, and buckets. Concerns reported always range
from 6.2% (flush to open drain) to 57.6% (open pits) and 100% (buckets). Open pits
show concern levels similar to or higher than the worst-performing improved facilities,
while flush to open drains perform more comparably to the best-performing improved
options. Concerns about privacy, shame, and safety are markedly higher for users of
open pits and buckets than for those using improved facilities (Figure 7-4 D).

In formal settlements, nearly all respondents used flush toilets connected to piped
sewer systems. Among these, less than half reported feeling disgusted (44.6%), wor-
rying about their health (38.3%), or feeling ashamed (24%) at least sometimes. Con-
cerns about safety (4.6%) and privacy (1.1%) were uncommon, and experiences re-
ported as always were rare across all dimensions (0—3.4%). All individuals using flush
to septic tank or flush to pit (latrine) or drum systems reported no sanitation-related
concerns, while the single user of a pit latrine with slab always experienced all con-
cerns (Figure 7-4 C).

7.4 Interlinkages between sanitation, well-being, and productivity

To examine how sanitation-related quality of life experiences relates to well-being and
productivity, and whether these effects differ by settlement type and gender, we calcu-
lated Spearman correlations between the SanQoL index (and its individual sanitation
experiences) and measures of well-being (PWI) and productivity (daily energy, ability
to concentrate, and number of sick days) (see 3.4.2). Positive correlations indicate that
higher sanitation-related quality of life (SanQoL index) is associated with better well-
being or productivity, and that less frequent negative experiences (e.g. shame or dis-
gust) correspond to higher outcomes.
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Figure 7-5: Correlations between sanitation-related quality of life (SanQoL index and
individual experiences) and well-being (PWI composite and domains) or productivity
(ability to concentrate, daily energy, number of sick days) among women in informal
and formal settlements. Correlations were calculated using Spearman’s p (a = 0.05)
and adjusted for multiple comparisons using the Holm—Bonferroni method. Only sta-
tistically significant correlations are shown. Data from household surveys conducted
in Korogocho (n = 368) and Jericho Lumumba/Harambee (n = 177), March—May 2025.
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Figure 7-5 presents the statistically significant Spearman correlations between the
overall SanQoL index and individual sanitation experiences with each well-being and
productivity variable for women in informal and formal settlements. Figure 7-5 shows
significant correlations, and Figure 7-6 highlights how these outcomes vary by SanQoL
response category (Always, Sometimes, Never).
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Figure 7-6: Mean well-being and productivity outcomes by SanQoL response category
(Always, Sometimes, Never) among women in informal (A) and formal (B) settlements.
Only significant relationships between sanitation experiences and well-being or
productivity outcomes are shown (see Figure 7-5). Well-being is measured using the
PWI on a 0-10 scale (No satisfaction at all - Completely satisfied), and productivity
outcomes (ability to concentrate and daily energy) on a 1-5 scale (Not at all - Ex-
tremely).
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7.4.1 Sanitation-related quality of life and well-being

The influence of sanitation-related experiences on well-being and productivity is highly
gendered, with women generally more affected than men. Among men, significant as-
sociations between sanitation-related quality of life and well-being were observed only
in informal settlements, where privacy concerns correlated with satisfaction with per-
sonal safety (rs = 0.33) and environmental quality (rs = 0.34). Men who never
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experienced privacy-related sanitation concerns reported higher satisfaction with per-
sonal safety (+2.84 + 0.00) and environmental quality (+2.22 + 0.00) compared to those
who always did. No significant relationships between SanQoL and productivity were
found among men in either settlement type. Consequently, the following analysis fo-
cuses on the impacts among women.

Among women in informal settlements, sanitation-related quality of life (SanQoL in-
dex) moderately correlates with overall well-being (PWI score), with all sanitation ex-
periences showing significant associations. Among PWI domains, satisfaction with
environmental quality, personal safety, and health shows the strongest - though still
moderate — correlations with the SanQoL index, while satisfaction with achieving in life
and standard of living show the weakest association and future security no significant
link (Figure 7-5).

Among sanitation experiences, shame and disgust show the strongest and most wide-
spread associations with well-being (PWI) domains (Figure 7-5). As the frequency of
feeling disgusted decreases from always to never, satisfaction increases for overall
well-being (+0.99 + 0.46), environmental quality (+2.07 + 0.99), health (+1.31 + 0.86),
personal relationships (+1.25 + 0.76), community (+1.32 + 0.90), and standard of living
(+0.66 £ 0.71). Similarly, reductions in feelings of shame correspond to higher satis-
faction with overall well-being (+1.16 + 0.53), health (+1.86 + 0.96), environmental qual-
ity (+1.66 + 0.90), personal safety (+1.70 + 0.82), achievement (+0.96 + 0.70), and
standard of living (+0.91 + 0.78) (Figure 7-6 A). Concerns about disease are also asso-
ciated with a range of well-being outcomes (Figure 7-5), particularly for overall well-
being (+0.85 * 0.44), environmental quality (+1.72 + 0.96), community (+1.41 + 0.81),
personal relationships (+1.18 + 0.74), and safety (+1.28 + 0.79) (Figure 7-6 A). These
patterns suggest that minimising negative sanitation experiences can substantially en-
hance well-being across multiple life domains.

By contrast, privacy and safety concerns are linked to fewer domains (Figure 7-5).
Women in informal settlements who never experience privacy concerns report higher
satisfaction with overall well-being (+0.54 + 0.54), personal safety (+1.02 + 0.81),
health (+0.78 + 0.83), and community (+0.78 + 0.97) compared with those who always
do. Likewise, women who never feel unsafe when using the toilet report higher satis-
faction with overall well-being (+0.84 + 0.52), environmental quality (+1.43 + 0.91), and
personal safety (+0.95 + 0.77) (Figure 7-6 A).

Among women in formal settlements, reductions in negative sanitation experiences
are mainly linked to higher satisfaction with environmental quality and health, whereas
other well-being domains and overall well-being show no significant associations. Due
to the small number of respondents who always experience negative sanitation events,
comparisons are reported alongside sometimes responses to illustrate trends while
acknowledging limited group sizes. Women who never experience shame report higher
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satisfaction with environmental quality (never vs always: +4.65, n=85 vs 1; sometimes
vs always: +2.54 + 0.91, n=85 vs 28) and health (never-always: -1.60, n=85 vs 1; some-
times vs always: +1.55 + 0.84, n=84 vs 28) compared with those who always or some-
times experience shame. Similarly, less frequent experiences of disgust are associ-
ated with higher environmental satisfaction (never vs always +2.63 + 3.03, n=62 vs 5;
sometimes vs always +1.29 + 0.85, n=62 vs 47). Disease concerns also relate to envi-
ronmental satisfaction (never vs always: +3.38 £ 2.34, n=67 vs 5; sometimes vs always:
+1.22 + 0.85, n=67 vs 42) (Figure 7-6 B). These patterns indicate that even partial re-
ductions in negative sanitation experiences correspond to measurable improvements
in key well-being outcomes, although small “always” group sizes limit precision.

Overall, among women in informal settlements, all sanitation-related experiences are
significantly associated with overall well-being (PWI). Disgust and shame, and to a
lesser extent disease concerns, are linked to lower perceived well-being across multi-
ple life domains, whereas privacy and safety affect a narrower range of outcomes. In
formal settlements, where negative sanitation experiences are less frequent, neither
specific experiences nor the overall SanQoL index are significantly associated with
overall well-being. However, some experiences, particularly shame, disgust, and dis-
ease concerns, are linked to specific outcomes such as perceived environmental qual-
ity. Overall, associations between sanitation experiences and well-being are more se-
lective in formal settlements. Across settlements, women are generally more affected
by negative sanitation experiences than men. These results suggest that reducing neg-
ative sanitation experiences, through improved facilities or services, can meaningfully
enhance quality of life and well-being, particularly for women in informal settlements.

7.4.2 Sanitation-related quality of life and productivity

Sanitation experiences were not significantly associated with men'’s productivity in any
settlement type, but they were linked to women's productivity, with a broader range of
associations in informal than in formal settlements.

Among women in informal settlements, the SanQoL index, disgust, safety, and shame
correlated with both ability to concentrate and daily energy, while disease concerns
were associated only with ability to concentrate, and privacy concerns with neither. The
strongest association was between shame and ability to concentrate (rs = 0.28), alt-
hough this remains a moderate effect (Figure 7-5). Women who never experienced
specific sanitation concerns reported higher productivity compared with those who al-
ways experienced them. For ability to concentrate, mean increases (on a scale from 1-
5) were +0.47 + 0.30 for shame (n=130 vs 44), +0.38 * 0.29 for disgust (n=55 vs 83),
+0.34 + 0.27 for health (n=58 vs 95), and +0.25 + 0.29 for safety (n=167 vs 39). For
daily energy, corresponding increases were +0.42 = 0.33 for shame (n=130 vs 44),
+0.36 + 0.30 for disgust (n=55 vs 83), and +0.33 + 0.32 for safety (n=167 vs 39) (Figure
7-6 A).
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For women in formal settlements, sanitation experiences had a limited impact on
productivity. The only significant association was between disease concerns and abil-
ity to concentrate (Figure 7-5), with women who never or sometimes experienced dis-
ease concerns scoring +0.69 + 0.76 (n=67 vs 5) and +0.33 + 0.29 (n=67 vs 42) higher,
respectively, than those who always experienced them (Figure 7-6 B).

Overall, the impact of sanitation experiences on productivity is highly gendered, with
significant associations observed only for women. Reducing negative sanitation expe-
riences is linked to modest but meaningful improvements in women’s ability to con-
centrate and daily energy in informal settlements. In formal settlements, only disease-
related concerns show a significant association, improving women'’s ability to concen-
trate. No sanitation experiences were significantly associated with the number of sick
days in any settlement or for either gender.
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8 Flood exposure, vulnerability, and lived
experiences in formal and informal
settlements

This chapter adopts the widely used disaster risk framework, where risk is understood
as a function of hazard, exposure, and vulnerability (Wisner et al., 2004), to examine
how residents in Nairobi's formal and informal settlements experience and respond to
flooding. In Nairobi's urban environment, intense rainfall, increasingly amplified by cli-
mate variability and change, is a major hazard. Exposure concerns the spatial and so-
cial positioning of people, infrastructure, and ecosystems within areas subject to flood-
ing. Populations residing in informal settlements situated along flood-prone zones,
such as riverbanks and low-lying terrain, are particularly exposed. Vulnerability cap-
tures the degree to which these exposed groups are susceptible to adverse outcomes
when hazards occur. It is affected by interacting socio-economic disparities, deficient
infrastructure, and governance conditions, all of which constrain the capacity of indi-
viduals and communities to cope with flood impacts (Trento Oliveira, Kuffer, Belgiu, et
al., 2024).

Despite recurrent flood events, evidence on the vulnerability and health-related impacts
of flooding in informal settlements as well as residents’ coping strategies remains lim-
ited (Okaka & Odhiambo, 2019). Existing research highlights that vulnerability in infor-
mal settlements arises from intertwined physical, socio-economic, and institutional
factors (Membele et al., 2022). There is also growing recognition that local and Indig-
enous knowledge is essential to strengthen vulnerability assessment and to co-design
more context-appropriate adaptation measures (Anwana & Owojori, 2023; Membele et
al., 2022).

This chapter explores

- flood exposure, the extent to which residents experience flooding

- flood vulnerability, including socio-economic, housing, infrastructure, and insti-
tutional factors

- flood sensitivity: lived experiences of flooding, including loss, and damage, im-
pacts on health, well-being and productivity as well as

- adaptive and coping strategies (WHO, 2003, 2013).

The following questions are addressed:

1. How is flood exposure perceived and how does it differ across informal and
formal settlements, ages, and genders?
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2. How does flood vulnerability differ across informal and formal settlements,
ages, and genders?

3. How do lived flood experiences, including effects on health, well-being, and
productivity compare across settlement types, ages, and genders?

4. What flood mitigation and adaptation strategies are adopted by residents in in-
formal and formal settlements?

8.1 Flood exposure

Flooding was consistently described as omnipresent across the informal settlements,
highlighting both the geographic extent of exposure and the collective vulnerability of
residents, with all participants reporting prior exposure to flooding (Table 8-1):

“There is not a place in Korogocho where flood does not occur.” (I-YM- 5)
“Flooding has affected everyone here.” (I-OM-4)

In contrast, residents in formal settlements reported varying levels of flood exposure
and concern, depending on whether they had previously experienced flooding in their
area (Table 8-1). Several younger and older women perceived their exposure as low,
having remained unaffected by floods. Others — particularly younger and older men, as
well as some older women — reported that the onset of the rainy season exposed them
to severe flooding. They described how “it flooded everywhere” (F-OM-2) and noted that
their experience had convinced those who had previously doubted that flooding could
occur in the formal settlements that it is indeed a real and serious challenge:

“I think there will be no floods in future because the worst happened and we
never became victims.” (F-YF-2).

“On matters flooding, there were some people that were questioning if Jericho
can experience flooding, but now I'm sure... they have a real picture of how flood-
ing has challenged us.” (F-YM-6).

“The place is still flooded. Even cars are moving in the flooded area.” (F-OF-4).

Survey data confirmed that flood exposure was considerably higher in informal than
formal settlements. In informal settlements, 59.2% reported having experienced flood-
ing themselves, and 67.7% confirmed that their neighbours had experienced flooding.
In formal settlements, only 5.6% of respondents had personally experienced flooding,
and 8.5% were aware of neighbours who had.

Page 145 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



Table 8-1: Summary of focus group discussion findings on flood exposure, vulnerabil-
ity, and lived experiences (January—April 2025) from informal (Korogocho) and formal
(Jericho Lumumba and Harambee) settlements, with 65 respondents across 12 FGDs
(YM = younger men, OM = older men, YF = younger women, OF = older women).

Informal Formal
YM OM YF OF YM OM YF OF

n=9 n=8 n=8 n=8 n=8 n=9 n=8 n=7

Flood exposure

Affected by flooding X X X X X X X X
Not affected by flooding X X
Proximity to river X X X X

Flood vulnerability

Hogsmg density & inadequate X X X X X X X X
drainage

Construction on drainage channels X X X X X

Waste-blocked drainage X X X X X X X X
Waste-induced river overflow X X X X

Housing conditions & materials X X X

Loss and damage

Damaged houses X X X X X X X
Flooded streets X X X X X X X X
Loss of personal belongings X X X X

Financial hardship X X X X

Effect on health and well-being

Fatalities X X X

Water-borne diseases X X X X X
Emotional distress X X

Disruption of social networks X X

Effect on daily life and productivity

Disrupted sleep X X X X | X X X
Disrupted activities X X X X X
Effect on income X X X

Informal settlement residents, regardless of age or gender, identified their high expo-
sure to flooding as a result of houses located in too close proximity to the river, limiting
its natural ability to expand and meander. During heavy rains, the Nairobi River fre-
quently overflows and spills into nearby homes. While residents are aware of the risks,
they stressed that living in these areas is driven by necessity, not choice.
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“[The problem is that] People are constructing near the river. Not giving the river
enough expanding space for meandering. When it overflows, it loses its path and
goes to people’s houses.” (I-OM-4)

“I came to learn that living near a river is very dangerous” (I-YM-4)

“It's not our wish, but due to the situation we face” (I-YM-1).

In formal settlements, geographic factors were also mentioned in relation to flooding,
though the focus was less on proximity to rivers and more on terrain and elevation
contributing to uneven flood exposure:

“House planning and landscape have contributed to flooding... they live on this
side and I live on the other side, so when it rains, water from this side always flows
on our side and causes floods.” (F-OF-6).

8.2 Vulnerability to flooding

Despite high perceived flood exposure (see 8.1), residents in informal settlements ex-
pressed only moderate concern about flood risk (2.81 + 0.14 on a 1-5 scale from not
at all to extremely), with similarly moderate expectations that flood risk would increase
(2.60 = 0.13) and that flooding would cause damage (2.63 + 0.14). In formal settle-
ments, where flood exposure was reported lower, residents expressed low concern
about flood risk (1.28 + 0.11), potential damage (1.19 + 0.08), and future increases in
flood risk (1.21 £ 0.09).

Figure 8-1: Flood worry (“To what extent are you worried about current and/or future
flood probabilities?”), expected flood damage (“To what extent do you expect your
household to suffer damage if flooding occurs again?”), and expected flood risk in-
crease (“To what extent do you expect your future flood risk to increase”) in informal
and formal settlements, shown by prior self-reported flood experience. Bars represent
mean responses with 95% confidence intervals. Significant differences are indicated
by * (p = 0.05), ** (p < 0.01), *** (p =< 0.001), or **** (p < 0.0001). Based on household
survey data collected in March-May 2025 in Korogocho (n = 368) and Jericho Lu-
mumba and Harambee (n = 177).
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However, across both settlements, residents who had previously experienced flooding
showed significantly higher risk perceptions than those without prior experience, rein-
forcing focus group findings from formal settlements that past flood exposure is a
major driver of how people perceive flood risk and vulnerability. In informal settle-
ments, previously affected residents reported significantly higher levels of flood worry
(3.3510.16 vs. 2.03 £ 0.18, p < 0.0001), expectations of increasing flood risk (3.07 *
0.15vs. 1.91 £0.17, p = 0.0001), and expected damage (3.19 £+ 0.16 vs. 1.82+0.17,p
< 0.0001) compared with non-affected residents. The same pattern was found in for-
mal settlements, though absolute levels were considerably lower: flood worry (2.80 +
0.76 vs. 1.19 £ 0.08, p < 0.001), expected risk increase (2.10 + 0.74 vs. 1.16 £ 0.07, p <
0.05), and expected damage (1.70 £ 0.78 vs. 1.16 * 0.07). While flood-affected resi-
dents in both settlement types expressed similarly elevated concern about future
flooding, those in informal settlements were significantly more worried about rising
flood risks and anticipated significantly more severe impacts (Figure 8-1).

Therefore, this section looks into drivers of flood vulnerability across settlements,
ages, and genders. Focus group participants identified several key factors contributing
to high flood vulnerability in both unplanned and planned settlements. Discussions
highlighted unregulated land use, high housing density, and construction that ob-
structs drainage channels. Infrastructure failures—such as inadequate drainage and
poor waste management—were also raised, with human practices like littering exacer-
bating flooding through blocked drains and waste-induced river overflow. Poor housing
conditions and substandard building materials were mentioned as further contributors
to flood risk and adverse impact of floods. The role of governance emerged as a cross-
cutting issue throughout these discussions (Table 8-1).

8.2.1 Socio-economic vulnerability

Some variation in perceived flood risk and expected damage emerged across socio-
demographic groups. In informal settlements, women and female-headed households
reported higher expected damage and greater perceived flood risk than men or male-
headed households, whereas no notable gender differences were found in formal set-
tlements. No consistent age patterns were observed, though in informal settlements
households with younger heads (under 35) showed a slight tendency to be less con-
cerned about flood risks and damages.

Across both settlements, though more pronounced in informal settlements, larger
households (six members or more) expressed greater concern and higher expected
damage compared to smaller households. In both settlement types, households in-
cluding a person with a disability were markedly more worried about flooding and its
consequences. The presence of older adults (60+) had little influence on risk percep-
tions in both settlements, but households with children in informal settlements ex-
pressed notably higher concerns about flood risk and potential damage.
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Households experiencing financial hardship expressed higher concerns about flooding
and potential losses, particularly in informal settlements. Overall, differences in risk
perceptions between the formal and informal settlements were more pronounced than
socio-demographic differences within them, with consistently lower perceived flood
risk in formal settlements (Figure 8-2).

Figure 8-2: Flood worry and expected flood damage by household socio-economics in
informal and formal settlements. The figure shows the average responses along with
95% bootstrap confidence intervals. Based on household survey data collected in
March-May 2025 in Korogocho (n = 368) and Jericho Lumumba and Harambee (n =
177).
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8.2.2 Housing vulnerability

Housing construction-related factors further exacerbate flood vulnerability mainly in
informal settlements, a concern raised particularly by women. Some homes were built
on poorly filled or unstable ground, such as disused quarries, with inadequate founda-
tion sealing, allowing groundwater to seep in. Poor-quality roofing and lack of mainte-
nance, sometimes worsened by damage from animals running on the roofs or houses
being “eaten by insects” (I-OF-1), further expose homes to rainwater infiltration. In ad-
dition, the predominant use of water-sensitive materials like mud and iron sheets con-
tributes to both the entry of water during rainfall and increased structural damage dur-
ing floods:

“The houses are leaking from the roof [and that causes people to be affected by
the floods]. Most of the houses there are made of mud and iron sheets. Maybe
you've lived in the house for even 10 years. As the cats run on the roofs they de-
velop holes.” (I-YF-1)

“If there were quarries in those houses, floods would occur. Also depending on
how the roofs are, water would flood houses. There are houses which produce
water from the ground. The condition is bad when it rains.” (I-OF-5)

The household survey confirmed that building materials and conditions contribute sub-
stantially to flood vulnerability in informal settlements, where the most commonly ob-
served wall materials were iron zinc (37.5%), a mix of wood, iron zinc, and plastic mar-
quee cloth (18.8%), and mud-cement mix (13.3%). Only 3.3% of homes had walls made
from durable materials like concrete or cement. When classifying these materials by
durability (KNBS, 2024: 86), 73.6% of households had walls made from non-durable
materials and 23.4% from materials of mixed durability, offering poor protection
against water. 66.1% of roofs were observed to be made from durable materials, most
commonly iron zinc (64.7%). Almost every third household had roofs with mixed dura-
bility, such as wood~-iron zinc mix (18.8%) or mixtures of wood, iron zinc, and plastic
marquee cloth (13.0%). Not only building materials, but also the poor condition of roofs
and walls, make residents in informal settlements vulnerable to flooding. Only 1 in 4
homes had walls in good or very good condition, whereas almost half needed minor
repairs and 1 in 3 were in at least weak condition, with similar patterns observed for
roof conditions (Table 8-2).
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Table 8-2: Observed wall materials, roof materials and their associated durability, fol-
lowing the Kenya Housing Survey classification (KNBS, 2024: 86) as well as observed
wall and roof conditions. Based on household survey data collected in Korogocho (n =
368) and Jericho Lumumba and Harambee (n = 177) in March-May 2025, reported in
% of respondents per response option.

Durability Construction materials Informal ‘Formal

Wall materials
Durable Concrete cement 3.3 98.9
Mixed Mud cement mix 13.3
Iron sheets, mud cement mix 2.7
Wood, mud cement mix 2.7
Wood, concrete cement, iron zinc 1.4
Others 3.3
Non-dura- | Iron sheets 37.5 1.1
ble Wood, iron sheets, plastic marquee cloth 18.8
Mud, clay 6.8
Wood, iron sheets 4.3
Iron sheets, mud, clay 2.4
Wood, iron sheets, mud clay 1.6
Wood, plastic marquee cloth, mud clay 1.1
Others 1.1
Roof materials
Durable Concrete cement 1.1 254
Iron sheets 64.7 18.1
Asbestos 53.7
Bricks, iron sheets 0.3
Iron sheets, asbestos 2.3
Mixed Wood, iron sheets 18.8
Wood, iron sheets, plastic marquee cloth 13.0
Others 1.1 0.6
Non-dura- | Plastic marquee cloth 0.5
ble Wood 0.3
Mud clay 0.3
Wall conditions
Very good 4.6 85.9
Good 20.4 6.8
Need minor repairs 42.9 7.3
Weak 27.7 -
Very weak 4.3 -
Roof conditions
Very good 4.1 79.9
Good 22.3 10.7
Need minor repairs 44.8 9.6
Weak 24.5 -
Very weak 4.3 -
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Housing materials in formal settlements were observed to be more durable than those
in informal settlements. In almost all households of formal settlements, walls (98.9%)
were constructed from durable concrete cement mix, offering high water resistance.
Roofs were also primarily made of durable materials, including asbestos (54.7%), con-
crete cement mix (25.3%), and iron-zinc sheets (18.1%). Housing conditions were also
markedly better than in the unplanned settlement. A large majority of walls (85.9%)
and roofs (79.9%) were observed to be in very good condition, with fewer than one in
ten requiring only minor repairs. Cases of weak or very weak material conditions were
not observed (Table 8-2).

Figure 8-3: Flood worry and flood damage expectancy by observed housing materials
and conditions in informal and formal settlements. The figure shows the average re-
sponses along with 95% bootstrap confidence intervals. Data was collected in
Korogocho (n = 368) and Jericho Lumumba and Harambee (n = 177) in March-May
2025.
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Whereas focus group discussions indicated that residents associated poor housing
materials with higher flood risk in informal settlements (Table 8-1), the survey did not
reveal a clear relationship between wall or roof type — or their classification by material
durability — and perceived flood risk or expected damage. Instead, what mattered most
was the structural condition of the dwelling. In informal settlements, households with
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more poorly maintained walls or roofs expressed greater concern about future flooding
and potential damages. In contrast, in formal settlements, housing conditions had a
smaller effect on perceived flood risk and expected damage, largely because structur-
ally weak dwellings were uncommon and overall risk perceptions were low. (Figure 8-
3).

Although housing vulnerability in formal settlements is lower than in informal settle-
ments (Table 8-2), the emergence of informal structures within formally planned neigh-
bourhoods has introduced housing conditions that heighten exposure to multiple
forms of flooding. Residents living on ground floors are vulnerable to surface-water
flooding and sewage overflow, particularly those living in iron-sheet structures, while
residents on upper floors of multi-storey buildings are vulnerable to rainwater infiltra-
tion through leaking roofs:

“There have been sewage outbursts. Most people woke up with floods in their
houses. Especially people living in iron-sheet structures.” (F-YM-6).

“When it rains heavily with thunderstorms, people living on upper floors are more
affected than those on the ground floor. We have had such cases where houses
were flooded by surface water when it rained because in our area we have chal-
lenges, we have many informal structures and they have increased. That area has
been flooded. The structures make water unable to flow.” (F-YM-7)

8.2.3 Infrastructure vulnerability

Infrastructure-related drivers of flood vulnerability manifest differently in informal and
formal settlements, but two interconnected issues — drainage capacity and waste
management — are central challenges in both contexts (Table 8-1).

In informal settlements, inadequate drainage and poor waste management combine
to create severe exposure to surface-water flooding. Drainage channels are often nar-
row, shallow, open, and poorly maintained, making them highly susceptible to block-
age. Residents consistently described how the absence of designated waste disposal
sites leads to waste being discarded into rivers and drainage channels. When litter is
being dumped into the river, it blocks the natural flow of water, leading the river to over-
flow and flood nearby homes. When dumped into drainage channels, litter obstructs
the flow of water during rainfall and leads to surface run-off flooding, as extensively
reported by residents in informal settlements.

“Another cause of flooding is the disposal of waste into the river. The waste blocks
the flow of water, causing it to overflow.” (I-OM-3)

“People don’t have anywhere to dump garbage hence they dispose of it into the
drainage. So, when it rains, the water cannot flow to the right place. So, with all
that, you have to be cautious.” (I-YF-2)
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Poor waste management and resulting littering were also seen as major contributors
to flooding in formal settlements. Waste was described as “the biggest cause” (F-YM-
1) and “the major cause of the drainage blockage” (F-YF-2), often leading to “flooding
when the drainages are blocked” (F-OF-7). In contrast to informal settlements, drainage
systems are generally better planned and maintained, often consisting of underground
piped systems rather than open channels, which reduces flood vulnerability. However,
rapid population growth and increasing waste volumes are beginning to exceed the
capacity of existing infrastructure. Residents noted that overflowing dump sites and
litter accumulation are increasingly obstructing drainage systems, leading to emerging
flooding problems. Unlike informal settlements where surface run-off dominates, resi-
dents in formal areas more often described sewage bursts and waterlogging when
drainage or sewer lines become blocked:

“The garbage will continue to be littered there. Before they [public waste manage-
ment systems/services] realise a way of collecting garbage, it [household waste]
will have already blocked the drainage and pipes. Since every household has gar-
bage, if there is no way of handling the garbage, the waste will end up in the sewer
line.” (F-YM-7)

In formal settlements, the emergence of informal housing structures was seen as fur-
ther pressure on existing drainage infrastructure. As more residents relocate from in-
formal areas and construct additional unplanned dwellings, the resulting increase in
density places further pressure on already overburdened drainage systems. Concerns
about the capacity of this infrastructure were raised across all gender and age groups:

"When houses of this area were built, they were built as single rooms. Today, more
houses have been built, adding pressure on the existing sewage system due to
increased population. The sewer was built for single families but now we have
added more houses" (F-OF-4).

"For example, where | live, | have seen another estate of iron sheet structures. This
means that this is another pressure on water and existing pipes that is coming up"
(F-YM-7).

“These structures affect how water flows; so instead of water flowing to the drain-
age, it flows into the house. If some of those informal structures can be well struc-
tured. Not all but some.” (F-YM- 7)

These voices illustrate the ongoing challenges of balancing rapid population growth
with infrastructure development in formal settlements (Table 8-1). Despite this, some
residents are hopeful that with time, solutions will be found:

"The drainage and structuring of this place was very good but due to challenges
of over population and informal structures, that is why there has been drainage
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challenges. Maybe in the future this will change and we will learn how to accom-
modate these other people" (F-YM-7).

8.2.4 Governance, management, and local practices

Unregulated land management coupled with inadequate drainage infrastructure was
widely discussed as a key contributor to flood vulnerability across settlement types
(Table 8-1). In informal settlements, there was consensus that high housing density
slows the natural flow of rainwater and, when combined with inadequate or missing
drainage systems, often leads to flooding.

“In the informal settlement, houses are connected with one another and it slows
down the flow of water when it rains. It [water] does not find enough space to flow”
(-YM-9).

“The water that flows from the roofs of our houses does not have anywhere to go
because the size of the drainages is small” (I-OM-6)

In informal settlements, residents across age and gender groups also pointed out how
unregulated construction exacerbates flood vulnerability by obstructing drainage sys-
tems. Just as many people settle near rivers despite the known flood risks, often due
to a lack of alternatives, these structures were often built out of necessity, not choice,
as many residents lack the financial means to settle elsewhere. The issue of poor over-
sight and lack of accountability was also a concern.

“The government has a drawing of Korogocho. It shows a road and drainages that
were constructed. Right now, you can't see drainage because people have con-
structed business structures even on top of the drainages [...] We do not know who
gave the permission.” (I-OM-7).

“People construct along drainage because of their financial situation” (I-OF-3).

Residents in formal settlements also expressed frustration with government neglect,
pointing out that the drainage systems, originally well-constructed, have fallen into dis-
repair due to lack of maintenance. Despite paying service fees, the absence of regular
cleaning and repair has rendered the systems ineffective, placing the blame on the
government, not the community. One young man living in the formal settlement ex-
pressed frustration over the lack of recognition and support from authorities:

“There is laxity from the county government. Why do | say laxity? The drainages
are intact as they were, which are in fact one of the best in Nairobi. The problem
is that there is no maintenance. We pay service fee to the City Council but they
cannot come to unblock the drainages. So, laxity goes to the government not the
residents.” (F-OM-9)

“I don't think the county government knows we experience flooding here. Maybe

they only see the ones outside Nairobi. They think Nairobi residents can sustain
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themselves. We have been crying about flooding in Nairobi, | hope they can listen
to us now.” (F-YM-7).

A call to action for the government to upgrade the drainage system was strongly ech-
oed across all settlement types, genders, and ages, with many expressing concern
about future flood risks if the issue is not addressed:

“Big drainages should be constructed so that when it rains, water can flow into
the river.” (I-YM-6)

“If the drainages are not worked on, flooding must occur also in future” (F-OF-2),
“If the government does not take action to regulate the anyhow construction of
the high-rise buildings and upgrade the drainages to fit the system, it will get worse
than it is now because the drainages are interconnected” (F-YF-3).

8.3 Lived experiences, disruption of health, well-being, and productivity

8.3.1 Physical loss and damage

Flooding caused severe physical damage, including flooded streets, property damage,
loss of possessions, and subsequent economic hardship, particularly in informal set-
tlements (Table 8-1).

In informal settlements, residents reported significant loss and damage during flood-
ing, aggravated by a lack of protection measures taken in the absence of early warn-
ing. Flooding often occurred while residents were away at work or school, or during the
night, leaving little time to react:

“We went to school and it rained. When we came back, we found all our houses
demolished by floods” (I-YM-6).

“Many people have been affected. You would sleep and water would come from
the floor. You would find water entering your house and some coming from the
ground, your houses would be flooded just like the people flooded by the river.” (I-
OF-5).

Participants described damage to houses and belongings; some managed to rescue
children and essential items. A young woman recalled hearing people scream as flood-
waters entered homes unexpectedly, even though the rain had not seemed particularly
heavy:

“It was last year. | think in March or April. It didn’t rain heavily, it was just normal rain.
I was living in the lower side area but at 12 or 1 o’clock, we started hearing, “waaah!
waaah” and we couldn't tell what it was. [...] Flood started carrying away properties.
We started removing items and rescuing children but we have never understood the
rain as it was not heavy. [...]" (I-YF-1)
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Particularly older residents highlighted the loss of personal belongings during and af-
ter flooding, including household furniture, books, school uniforms, and bedding. Re-
covering from such losses was described as especially “difficult”, as many could only
afford to “buy one thing at a time for a long time. People lost books, school uniforms,
beddings etc.” (I-OF- 3). Some participants also reported lacking a safe place to store
their possessions after losing their homes, resulting in theft. For many, flooding there-
fore meant being “forced to start fresh” (I-OM-5), with their homes and essential items
completely lost or destroyed.

Flood-related loss and damage created severe financial hardship among informal set-
tlement residents across all age and gender groups (Table 8-1). This loss was not only
caused directly by damage and destruction due to the flooding itself, but also by gov-
ernment-led demolitions of houses near the river, carried out as a flood protection
measure (see 8.4.1). Residents reported losing all their possessions when these de-
molitions occurred, often in their absence and without prior notice, leaving no oppor-
tunity to salvage belongings. The forced relocation added further emotional and finan-
cial strain. Former homeowners were pushed into rental housing, where rising demand
had driven up prices. Beyond rent and the cost of replacing household items, many
also faced additional expenses in relocated homes that lacked access to safe water:

“The government ordered that the houses that were close [to the river] to be removed.
| had my house that | was not paying for. | was living in my own house. [..] I lost so
many items because | was not present that day. | lost everything. [...] As there are no
employment opportunities, up to now | don't have a house. So, it affected me to a very
large extent.” (I-YM-5)

“If I do not find quality water where | am moving to, | will incur another cost. | will be
affected financially, emotionally.” (I-OM-6)

“During the floods, houses were in demand. You could not find a house. Many people
were forced to keep their properties in their neighbours’ houses as they waited for
houses to be vacated. Therefore, landlords increased the rent a lot.” (I-YF-2)

In formal settlements, while some residents experienced flooding inside their homes,
this was largely concentrated among those living in informal structures. For most,
flooding was experienced primarily in outdoor spaces and streets rather than within
homes, making mobility in the settlement difficult during flooding:

“You find that water has flooded your house and spend all night with a bucket
trying to remove the water” (F-YM-4).

“The people who experience flooding are the ones living in the informal structures.
The main houses don't experience flooding. The problem is house planning” (F-
OM-6).
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“I saw main roads being flooded, so flooding does not only occur inside houses.
(F-YM-7)

“The place was unpassable because it was completely flooded. [...] To pass you
had to pay a person with a cart to be ferried across” (F-YM-7).

Even when estate areas were affected, floodwaters typically receded quickly. Unlike in
informal settlements, residents in formal settlements rarely mentioned major losses
or damage, though some older residents highlighted that flooding left homes and sur-
rounding areas dirty and undermined the overall quality of the estate:

“I have noticed that some people, after cleaning their verandas, they direct the wa-
ter to the road. The water causes dirt outside hence people should be extra care-
ful” (F-OF-7).

“The flooding of the flats has spoilt the standards of this estate.” (F-OF-6)

Table 8-3: Payment difficulties, received support, and impacts on well-being and
productivity among households in informal and formal settlements who have previ-
ously experienced flooding. Reported as percentages of respondents affirming diffi-
culty paying for essential items during the past four weeks and during flooding. Per-
centages of affected households reporting each type of support received are also
shown. Mean (* SD) scores indicate perceived impacts on well-being and household
productivity/income from flood-related losses, rated on a 0—-10 scale from not at all
affected to highly affected. Data was collected in Korogocho (n = 368) and Jericho
Lumumba and Harambee (n = 177) in March-May 2025.

Informal settlement Formal settlement
Percent- Mean Percent- Mean
age (min, max) age (min, max)
Difficulty paying for...
Food
% yes (past 4 weeks) 84.4 60.0
% yes during floods 93.1 60.0
Water
% yes (past 4 weeks) 67.0 40.0
% yes during floods 78.9 40.0
Health
% yes (past 4 weeks) 77.5 50.0
% yes during floods 81.7 40.0
Clothing
% yes (past 4 weeks) 85.3 70.0
% yes during floods 80.7 50.0
Housing
% yes (past 4 weeks) 76.6 50.0
% yes during floods 80.3 50.0
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Transport
% yes (past 4 weeks) 83.0 70
% yes during floods 84.9 60.0

Education
% yes (past 4 weeks) 84.4 60
% yes during floods 85.3 50

Impact on well-being and

productivity

Damaged property 7.13+0.43 1.60 £1.99

Loss of non-food items 7.27 £0.42 2.10+2.35

Loss of business 6.37+£0.71 0.75+1.47

Loss of savings 4.56 + 0.64 3.38+2.84

Loss of domestic animals 3.50+1.37 1.67 £3.27

Injuries 1.13+£0.35 0.00+£0.00

Disease outbreak 4.20+0.61 1.88 £2.33

No clean water 6.39 £ 0.57 278277

Contaminated surface wa- 8.93+0.29 2.44 +2.43

ter

Contaminated drinking wa- 6.69 + 0.54 211+218

ter

Collapse of boreholes 411+2.30 0.00 £ 0.00

Collapse of latrines 5.29+0.61 2.00+3.92

Support during flooding

None 80.3 100.0

Financial/ material 14.7 0.0

Food/ clothes 6.0 0.0

Shelter 1.8 0.0

Analysis of payment difficulties during floods compared to the past four weeks prior
to survey completion shows that residents in informal settlements experienced nota-
ble increases, particularly for essential items. For example, food-related difficulties
rose from 84.4% to 93.1%, and water from 67.0% to 78.9%. Other items, including
health, transport, education, and housing, also showed increases, though to a lesser
extent. In contrast, residents in formal settlements experienced little to no change. Still,
60% reported difficulties paying for food, 50% for health and housing, and 40% for wa-
ter, both during flooding and in the preceding four weeks. Overall, flooding dispropor-
tionately exacerbates financial hardship in informal settlements, especially for basic
necessities (Table 8-3).

Support provided to affected residents following flooding was minimal in both settle-
ment types. In informal settlements, 80.2% of affected households received no assis-
tance, while 14.7% received financial or material aid, 6% received food or clothing, and
only 1.4% were offered shelter. In formal settlements, no support was reported (Table
8-3).
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Households in informal settlements not only reported financial difficulties for everyday
needs during flooding but also indicated that loss and damage severely affected their
well-being and income. The greatest impacts were from property damage (7.13 + 0.43,
on a 0-10 scale from not at all affected to highly affected) and loss of non-food items
(7.27 + 0.42), both significantly (p < 0.001) higher than in formal settlements (2.36 *
2.34 and 2.82 * 2.55, respectively). Loss of business (6.37 + 0.71) further contributed
to reduced well-being and income in informal settlements, whereas it was much less
disruptive in formal settlements (0.75 * 1.47). The loss of savings showed more com-
parable, moderate effects across settlement types (4.56 + 0.64 in informal, 3.38 + 2.84
in formal) (Table 8-3).

In both settlement types, disease outbreaks (4.20 + 0.61 in informal, 1.88 + 2.33 in
formal) were considered more disruptive than injuries from flooding (1.13 = 0.35 in
informal, 0.00 in formal), with greater vulnerability in informal settlements. Flood-re-
lated water insecurity and sanitation challenges further exacerbated impacts, particu-
larly in informal settlements. Contaminated surface water (8.93 + 0.29 vs. 2.44 + 2.43,
p < 0.0001), contaminated drinking water (6.69 + 0.54 vs. 2.11 + 2.18, p < 0.001), lack
of clean water (6.39 + 0.57 vs. 2.78 + 2.77), collapsed boreholes (4.11 + 2.30 vs. 0.00),
and collapsed latrines (5.29 + 0.61 vs. 2.00 + 3.92) were considered more disruptive to
well-being and productivity in informal than formal settlements. Overall, flooding had
a substantially greater adverse effect on the well-being and income of households in
informal settlements compared to formal settlements (Table 8-2), which will be ex-
plored in more depth in the following sections.

8.3.2 Impacts on health and well-being

Flooding not only causes physical damage but also adversely affects health and well-
being. In informal settlements, negative impacts, including fatalities, water-borne and
vector-related diseases, emotional distress, and disrupted social ties came up in all
focus groups. In formal settlements, only younger men and older women raised con-
cerns about water-borne diseases, while emotional impacts and fatalities were not dis-
cussed (Table 8-1).

In informal settlements, flooding was widely associated with health risks from expo-
sure to contaminated water, described as “smelling like sewage” (I-YM-3) (see 4.5.2),
and linked to outbreaks of waterborne diseases such as cholera. Stagnant water was
also a major concern, creating breeding grounds for disease vectors such as mosqui-
toes and increasing the risk of water-related insect vector transmission, such as ma-
laria, especially among children. Older and younger men highlighted that these health
risks in turn lead to financial strain, both through the cost of medical treatment and the
disruption of daily activities, including missed income-earning opportunities, even
though not mentioned explicitly. Flooding has also led to fatalities, both from water-
borne diseases such as cholera and from direct exposure during flood events. Beyond
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the force of the water itself, residents raised concerns about the danger posed by in-
formal electricity connections:

“Flooding will contribute to sickness. When people are sick, they cannot do any-
thing. It can cause great effects like death because cholera kills.” (I-OM-8)

“When there are floods, it attracts mosquitos, hence sicknesses. There are also
cholera outbreaks thus, diseases become rampant. That means going to hospital
and paying bills. So, it drains you financially and at the same time compromises
your health.” (I-YM-9).

“When it rains and you are near the river, you will die as you watch. People died
and property swept away like cows. We experienced a lot of loss” (I-OF-4).
“There are illegal power connections in the community. So, during the floods, they
can kill people” (I-YM-2).

In formal settlements, younger men and older women showed a strong awareness of
the health risks posed by flooding. Health concerns centred on contaminated water
from sewage and waste, which can increase the risk of waterborne diseases such as
cholera, typhoid, and diarrhoea (see 5.2). Stagnant floodwaters also create breeding
grounds for mosquitoes, further compounding health risks. Older women and younger
men emphasized the vulnerability of children and older adults during floods, noting
that these groups have weaker immune systems and are particularly at risk. Children
are also at risk when playing in floodwater, often unaware of the associated health
hazards. Flooding disrupts safe access to water for drinking, bathing, and washing,
amplifying concerns about hygiene and overall health:

“Some people, after cleaning their verandas, direct the water to the road. The wa-
ter dirt outside, hence people should be extra careful. [..] During holidays when
children are at home, they may decide to go play with water without knowing the
danger they are putting themselves in. This is a health risk for them” (F-OF-7).
“The elderly and children have weak immune systems hence are very vulnerable
[to flooding].” (F-YM-8)

“We live near sewage, the flooding causes sewage to overflow. This can cause
diseases like cholera, typhoid and diarrhoea. Our place is full of mosquitos be-
cause of that water.” (F-OF-2)

“With floods and sewage, we are scared to drink water because the water will be
smelling sewage. You will be scared to bath and wash clothes with this water due
to floods with garbage.” (F-YM- 3)

Effects of flooding on mental and social well-being was widely discussed in informal
settlements, but did not come up in group discussions held in formal settlements.
Emotional impacts of flooding were highlighted by both men and women in informal
settlements. These included the “emotional damage and stress” (I-YF-5) caused by fre-
quent disruptions, such as being unable to go to work for fear of leaving property
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unprotected, and the psychological toll of repeated losses and forced relocation. The
resulting instability was noted to particularly affect children, who often had to change
schools:

“When anything moves from one place to another, its stability is lost. Nothing af-
fects children more than relating from one place to another or moving from one
school to another. It affects emotionally.” (I-OM-6)

Flooding also deeply affects social well-being in informal settlements. Particularly
younger women described the emotional toll of losing family and social connections
due to flooding and relocation. One participant shared feeling “abandoned” (I-YF-5) dur-
ing a flood, rather than supported. Others spoke of the loneliness that followed when
friends and relatives were forced to move away, expressing a sense of being “left be-
hind” (-YF-4) and “separated” (I-YF-2) from family. Relocation often meant living among
unfamiliar neighbours and losing established support networks:

“Socially, you find that you are also used to living with your neighbours. If you
lacked salt, you would run to them. After floods, [...] there [were] new neighbours
that you are not used to.” (I-YF-1)

In contrast, men spoke less about the emotional or effects of flooding. One male par-
ticipant highlighted how leaking roofs in the bedroom disrupted intimacy with his wife,
illustrating how inadequate shelter not only causes physical discomfort but can also
strain emotional and relational dynamics within households.

The profound impact of flooding on the well-being, particularly in informal settlements,
was reflected in the survey data. In informal settlements, those affected by flooding
were significantly less satisfied with their lives than unaffected residents, reflected in
significantly reduced overall well-being (5.96 + 0.18 vs. 6.70 + 0.22, p < 0.0001) as well
as significantly lower satisfaction across all domains of life. For example, satisfaction
with health was lower (6.80 + 0.35vs. 8.05+0.38, p < 0.0001), as was satisfaction with
achieving life goals (4.83 £ 0.22 vs. 5.19 + 0.26, p < 0.05), future security (5.64 + 0.35
vs. 6.44 + 0.44, p < 0.01), feeling part of their community (6.76 + 0.36 vs. 7.74 + 0.41,
p = 0.001), and environmental quality (4.62 + 0.32 vs. 5.64 + 0.43, p < 0.001). In formal
settlements, respondents who had previously experienced flooding tended to be less
satisfied with all domains of life, even though differences were not statistically signifi-
cant. (Figure 8-4).

Not only actual flood exposure, but also how people perceive flood risk and potential
damage, may influence their life satisfaction and productivity. Among informal settle-
ment residents, perceptions of flooding are associated with modest reductions in spe-
cific well-being domains. Flood worry is negatively correlated with PWI composite (rs
=-0.17), health (rs = -0.16), safety (rs = -0.21), future security (rs = -0.16), and environ-
mental quality (rs = -0.18); flood risk increase expectancy is associated with lower
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safety (rs =-0.16) and environmental quality (rs =-0.19); and flood damage expectancy
correlates negatively with safety (rs = -0.21) and environmental quality (rs = -0.20). For
female residents, higher flood worry correlates negatively with safety (rs = -0.19) and
environmental quality (rs =-0.18); higher flood risk increase expectancy correlates with
lower environmental quality (rs = -0.19); and higher flood damage expectancy is asso-
ciated with reduced safety (rs = -0.19) and environmental quality (rs =-0.21). For male
residents, flood worry shows a stronger negative association with health (rs = -0.34),
while no other significant correlations are observed. Overall, in informal settlements,
higher perceived flood exposure—whether worry, risk increase expectancy, or damage
expectancy—is modestly but consistently associated with lower well-being, particu-
larly in the domains of safety and environmental quality, with some gender-specific
differences (e.g., health for males, safety for females). In contrast, formal settlement
residents show no significant correlations between flood perceptions and well-being
domains, indicating that flooding is less impactful on their perceived well-being.

Figure 8-4: Comparison of well-being (PWI; 0-10 scale from not at all — completely)
and productivity outcomes (concentration, daily energy; 1-5 scale from not at all — ex-
tremely; number of sick days) between respondents who have experienced flooding
(“Yes") and those who have not (“No”) in informal and formal settlements. Statistically
significant differences are indicated by * (p < 0.05), ** (p < 0.01), *** (p < 0.001), or ****
(p=0.0001). Data was collected in March and April 2025 (Korogocho: n = 368; Jericho:
n=177).
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8.3.3 Impacts on productivity and daily life

Beyond its effects on health and well-being, flooding also disrupts daily life, interfering
with sleep, school attendance, and work, and in turn, undermines households' ability to
earn an income (Table 8-1).

Disrupted sleep resulting from flood experiences was a common theme across settle-
ments, genders, and ages. In informal settlements, rain-induced leakages prevent indi-
viduals from sleeping due to water reaching their beds. Flooding also leads to the loss
of essential belongings, such as mattresses and blankets, forcing residents to adjust
to a new lifestyle, and in severe cases, it destroys homes, leaving people to sleep out-
doors. In formal settlements, sleep is similarly disturbed by water entering homes at
night, and staying awake to remove water is linked to missed work the following day,
but there is no loss of belongings or homes. Even when water does not directly intrude,
standing water and nocturnal disturbances, such as the noise of frogs, interfere with
peaceful sleep:

“I am affected when it rains and the [rains] are leaking [through the roof] on the
bed. In your mind you just know that today you are not sleeping.” (I-YM-4)

“Floods have forced people to adjust to a new lifestyle because the floods have
swept everything; the mattress is long gone. So, as they look for a house some-
where, they have no mattress.” (I-YF-6)

“The flooding affected many people because some were sleeping when their
houses were flooded. Some of their property was swept away and buildings de-
stroyed. Some people were living outside due to floods.” (I-OF-7)

“If it rains at night, it means you can't sleep that night. You will stay the night re-
moving water from the house. If you stay awake it means the following day you
can't go to work.” (F-YM-1)

“When it rains at night, you may go to sleep with storm water outside but when you
wake up in the morning, you wonder where the water will have disappeared to.” (F-
OM-3)

“At night we have a choir of frogs, we do not sleep peacefully.” (F-OF-2)

Rains and flooding further disrupt daily activities across settlements. In informal set-
tlements, individuals described staying home to check on their property or take pre-
ventative measures, such as securing belongings by moving them to a safe place or
raising them, preventing them from attending work.

“When rains come, we have to leave other activities and go home to ensure every-
thing is okay. You may find your house looking like a swimming pool.” (I-OM-6)
“When there are flooding events, | think of where | will take properties. If | am to
go to work early in the morning and the flooding occurs at night, | will not be able
to go as I will be thinking of how to raise my properties.” (I-YF-6)
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Flooding also limits movement and outdoor activities in informal and formal settle-
ments, as blocked roads and waterlogged pathways make it difficult to navigate the
area, thus limiting residents’ ability to attend work or school. One young man describ-
ing how he had to homeschool his children during these times “because going to school
is difficult” (I-YM-9). Gumboots become a necessity in everyday life in formal settle-
ments. Children are particularly affected by flooded outdoor spaces, leaving few safe
spaces to play:

“The challenge comes in movement. You cannot move around.” (F-YF-3)

“Where we live, you can’t use any other shoe apart from gumboots.” (F-OF-4)
“There is no place for children to play since water has flooded below our flats.” (F-
OF-6)

“Roads are so flooded that you cannot cross. You find that floods have destroyed
the road and cut it into two. Going to work is difficult.” (I-YM-9)

Flooding also leads to loss of jobs and income-generating activities, particularly in in-
formal settlements, when local businesses are destroyed. Relocations further affect
livelihoods, forcing individuals to abandon areas where they had already established
themselves, making it necessary to “start afresh” (I-OM-7). Business owners who had
constructed on drainage channels were instructed to vacate, raising concerns about
where they would relocate and how they would sustain their livelihoods:

“The floods affected me personally too. | had an eatery business. | lost all my
properties together with the eatery including my work items. | no longer have the
job I had.” (I-YF-2)

“If people are instructed not to construct on top of drainages, [and] instructed to
move away, where will they go yet that's where they earn their livelihoods?” (I-YF-
2)

“You cannot make progress when you relocate because you are moving away from
a place that you have already established yourself. Moving away from this place
would mean starting afresh.” (I-OM-7)

Survey findings showed that in informal settlements, flood-affected residents reported
lower concentration (2.85 + 0.10 vs. 3.22 + 0.12, p < 0.0001), lower daily energy (3.12
+0.11 vs. 3.47 £ 0.14, p < 0.001), and more sick days in the past four weeks (6.06 +
0.96 vs. 4.00 + 0.96, p < 0.001) than flood-unaffected residents. In formal settlements,
these differences were not statistically significant, although those who had previously
experienced flooding tended to report poorer concentration, lower energy, and more
sick days than those who had not (Figure 8-4). Interpretation should be cautious, as
flooding experience was measured as a general yes/no indicator without information
on timing, while productivity outcomes referred specifically to the previous four weeks.
No significant correlations were found between worrying about flooding, expected

Page 165 of 261
WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



damage from flooding or expecting flood risk to increase and residents' ability to con-
centrate in either settlement type.

8.4 Adaptive and coping strategies

Flood protection measures discussed in both informal and formal settlements encom-
passed a range of strategies, spanning governmental interventions and community-
driven initiatives (Table 8-4).

Table 8-4: Summary of focus group discussion findings (January—April 2025) from
informal (Korogocho) and formal (Jericho Lumumba and Harambee) settlements, with
65 respondents across 12 FGDs (YM = younger men, OM = older men, YF = younger
women, OF = older women), analysed in relation to adaptive and coping strategies to
flooding.

Informal Formal
YM OM YF OF YM OM YF OF

n=9 n=8 n=8 n=8 n=8 n=9 n=8 n=7/

Individual and household strategies
Low Risk Perception & Lack of Flood
Protection

Avoiding

flood-prone areas

Household flood protection X X X

Government measures

Government demolitions & relocation
saving lives

Government demolitions without safe
alternatives

Government compensation X
Government & city council inaction X X

Community-based strategies
NGO donations X X
Infrastructure repairs & waste services X X X X

>
>

Community awareness raising
Community environmental cleanups X X X X X X
Community mosquito control X

Grassroot recommendations

Relocation X X

Household action — Home preparation X X X
Individual level — Environmental clean-
liness

Community action — Cleanups X X X X X
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Community action - Awareness X X X
Government responsibility X X X X X
Shared responsibility gov. - community X X

Key concerns included low risk perception, which contributed to the limited adoption
of effective flood protection measures. Responses mentioned ranged from individual
and household-level actions, such as avoiding flood-prone areas, to government-led
interventions, including demolitions and relocations, which were often criticised for
lacking safe alternatives or adequate compensation. Across settlements, residents
highlighted inaction by government and city councils, with informal settlement com-
munities noting the role of NGOs in providing material support. At the community level,
participants emphasised the importance of infrastructure maintenance, waste man-
agement, environmental cleanups, mosquito control, and awareness-raising initiatives
as strategies to mitigate flood risks. These discussions reflect the varied approaches
to flood protection and the gaps in both formal and informal measures, which will be
explored in more detail in this section (Table 8-4).

8.4.1 Government measures

In informal settlements, relocation from flood-prone areas was a controversial issue.
Some residents across genders and age groups regarded relocation, whether volun-
tary or enforced, as a key protective measure. The national government mandated the
clearance of dwellings within 30 meters of rivers, and local authorities enforce evacu-
ations and demolitions. Some residents supported these measures as “a good thing”(I-
YF-2) and “the only measure that as society we should put in place” (I-YM-5), urging
community compliance with government directives, as it was seen as a way to protect
lives. Many, particularly older residents, however, criticised the lack of support accom-
panying relocation. They acknowledged that vacating the area reduced exposure to
flooding but felt abandoned as "their story ended when they did demolitions" (I-OF-2).

Some residents expressed frustration over the lack of compensation, especially
among those most affected, as promised housing support or financial aid (e.g. KES
10,000, EUR 67) often failed to reach them, reinforcing feelings of injustice and unmet
government commitments:

“They removed us from a dangerous place and didn't give us a safe place” (I-OF-
4).

“The president came to the community and announced that he was going to con-
struct houses for the people and left—he never came back since he returned” (I-
OF-8).

In response to gaps in government support, some non-governmental organisations
(NGOs) provided assistance to flood-affected households. This included distributing
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essential items such as mattresses, blankets, clothing, food, jerrycans for water stor-
age, and sanitary products, as well as financial support to cover relocation costs or
rent in safer areas. In some cases, NGOs also engaged in environmental interventions,
such as tree planting, to reduce flood risk near rivers.

Across settlements, residents highlighted gaps in governance and a lack of trust in
authorities. In informal settlements, young men described the limited flood protection
measures as the result of long-standing inaction by both government and community,
rooted in the perception that flooding is infrequent. Another man noted that even when
floods do happen, responses are usually temporary, and people quickly return to their
usual routines once the water recedes:

“The government and we, as the community, have not put any flood protection
measures in place because it's been ignored since it is one flood event that has
occurred in the past 20 years. [...] Ignorance.” (I-YM-9)

“People forget. When the flood comes, people will take actions here and there but
when it's over, they revert back to their normal way of life.” (I-YM-6)

In formal settlements, residents similarly expressed frustration with government and
city council inaction. Older female and male residents in particular felt abandoned and
viewed political engagement as absent except during election periods:

“National level does not know that we exist. [...] Now it's everybody for him/her-
self” (F-YM-8)

“The government only comes when they want us to vote for them.” (F-OM-2).
“The government has done nothing in protection measures against flooding” (F-
OF-2)

“Nowadays the city council does not come” (F-OF-4).

Frustration in formal settlements often centred on limited drainage maintenance and
waste management, leaving residents feeling powerless or burdened with responsibil-
ities typically managed by authorities:

“We cannot do anything against floods because the houses belong to the city
council and you can't do anything. You cannot do anything without the authority of
the city council.” (FOF-1)

“I think the challenge of flooding has been brought by the city council leaving all
their duties to the residents.” (F-YM-7).

8.4.2 Community-based strategies

In both informal and formal settlements, residents highlighted community actions to
reduce flood risks, primarily by digging and unblocking drains to ensure water flows
freely. These efforts demonstrate a sense of collective responsibility and recognition
that functional drainage is essential to reduce flood vulnerability and impacts:
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“The measure that we should put in place as a society is hygiene in the drainages”
(I-YM-5)
“Flood protection measures should be a collective responsibility.” (F-YF-7).

Additionally, the Nairobi County government has initiated programs to involve youth in
drainage clearing efforts as a preventive measure against flooding.

Older women in formal settlements also mentioned mosquito control through grass
cutting. They also reported that residents placed large stones during flooding to make
flooded areas passable:

“We have to take care of our environments outside where we are. We cut grass
because if we don’t nobody will come and do it for you. You have to care for your-
self.” (F-OF-3).

“In our area, we come together and contribute money for cutting grass and tak-
ing care of the surrounding.” (F-OF-2)

“When it flooded, we used large stones for stepping because the place is usually
unpassable. It helped.” (F-OF-5)

Younger and older men in formal settlements emphasised flood awareness, commu-
nity education, and informal enforcement to maintain environmental standards, such
as discouraging littering:
“People are coming here due to demolitions, we do sensitisation to those coming.
The measures apply everywhere. CBOs and local authorities left these duties to
ourselves.” (F-YM-5).
“We are strict, you cannot litter just anyhow. Yesterday we were with our chairman.
We had organized to slash the grass, then a certain lady came to throw garbage,
we stopped her and requested her to wait till Saturday when collection is done.
We are captivating the culture of good hygiene in that area.” (F-YM-8)

Community engagement also helps drive forward infrastructure repairs and waste ser-
vices in formal settlements. Residents reported paying for waste collection and the
unblocking of drains, and sewer repairs. They appeared knowledgeable about report-
ing issues and engaging officials, even when persistence or pressure is required:

“Sewer lines have been repaired almost every month due to blockages. People
repairing the sewer may come and tell you that your pipes have rust, we tell them
to change them because it's not okay to live in flooded compounds [...].” (F-YM-8)
“What happens is that when there is blockage, we have contacts of the relevant
officers whom we call. We tell them, “If you don’t want to do it yet you're on payroll,
we will just phone call your manager.” If they hear that is when they work.” (F-OM-
8)

“We have joined forces in the community in regard to sewage whereby we have
come together to contribute money so that it's unblocked.” (F-OM-5)
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Local leadership structures play a key role in coordinating and mobilising community
responses. Residents described how community chairpersons collect small contribu-
tions for drainage clearing and waste removal. Similarly, local representatives report
issues directly to Members of County Assembly (MCAs). Although these interventions
are not always immediate, residents generally considered them effective in mitigating
flooding impacts.

“What we normally do; we have a chairman whom we give a fee when that occurs
so that some people are called to come and clear it. | see City Council officials
sometime come to remove the garbage and unblock the drainages.” (F-YF-2),
“Our MCA [Member or County Assembly] has point men so that anytime there is
a problem, they go and inform him then he sends people to come and address it
although sometimes it takes time because you find that sometimes there are prob-
lems in many places and the workers are a few. So, he sorts it out but it sometimes
takes time. | think they are effective because we survive.” (F-YF-3)

8.4.3 Individual and household strategies

In informal settlements, there was widespread awareness that flood protection begins
with avoiding to live in flood-prone areas. Across all groups, living near rivers was seen
as a key risk factor, particularly in households with children, prompting some to main-
tain a safe distance from riverbanks:

“Maybe you have like three children that you have left sleeping in the house as you
go to purchase vegetables and it starts raining anytime. When you come back you
may find the children having been swept away. So, | also keep a distance, 50m
from the river.” (I-YM-4)

Few flood protection measures were reported at the individual and household level.
Two older residents described personal interventions such as raising their houses to
prevent floodwater from entering:

“I have raised my house due to floods to prevent water from entering my house.”
(I-FOM-1)
“I raise my house, even if floods come, they can’t enter my house.” (I-OF-1)

Other residents relied on ad hoc measures during heavy rainfall, such as placing basins
or buckets to collect water entering through leaks:

“Most of the houses are leaking. So, sometimes when there is heavy rain, you put
in place a basin or a bucket or a paper.” (I-YF-1)

Similarly in formal settlements, few household-level flood protection measures were
mentioned. One older resident acknowledged that “I have put in place no flood protec-
tion measures because | have never experienced floods.” (F-OM-9).
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Residents across settlements also participate in cleaning drainages, with some taking
individual initiative, but many viewing it as a collective duty, stressing the importance
of communal cleanups (see 8.4.3):

“If  come and find floods, | remove the dirt from the drainage and put them aside”
(F-OF-1).

8.4.4 Grassroots recommendations

Focus group participants proposed a variety of grassroots strategies to reduce flood
vulnerability and risk. These ranged from household-level measures like home im-
provements and environmental hygiene, to community-based actions such as clean-
ups and awareness campaigns. Many also emphasised the need for stronger govern-
ment involvement and collaboration between public authorities and communities (Ta-
ble 8-4).

Across both informal and formal settlements, residents highlighted the importance of
household- and community-level measures to reduce flood risks, noting that “safety
begins with yourself” (I-OM-6). Proposed household strategies in informal settlements
included placing soil-filled sacks against walls to prevent water entry, and relocating to
safer areas on higher ground, away from rivers and drainage channels. In formal set-
tlements, young men and women emphasised the importance of preparing homes to
manage water flow, such as installing gutters to direct and collect water and ensuring
proper drainage before construction.

Environmental stewardship was emphasised at both individual and collective levels.
Residents in informal settlements stressed personal responsibility for not dumping
waste into rivers and keeping drainages clean. Community cooperation was also en-
couraged, with residents urged to participate in or to organise clean-up efforts, dig
deeper drainages, and engage their neighbours in maintaining cleanliness. Similarly, in
formal settlements, residents across ages and genders stressed the importance of
environmental cleanups and awareness raising as key to flood prevention, recom-
mending both personal responsibility and collective effort:

“You should talk to the people living in your surroundings to keep the environment
clean]” (I-OF-5)

“We should all take personal initiative to ensure there is no garbage blocking the
drainages... if we keep waiting for someone else to do the work, we will be af-
fected” (F-OF-5).

“The community should unblock blocked manholes for easy flow of water. That
is where we can reach.” (F-OF-1)
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“An urgent recommended measure would be taking care of the drainages. Ensur-
ing they are clean and water is flowing, at community level. Ensuring waste does
not block drainages.” (F-YM-1)

Education was also emphasized, particularly in formal settlements, to raise awareness
about proper waste disposal and the functioning of infrastructure systems, including
how informal extensions misdirect wastewater into storm drains.

A young man living in the formal settlement further recommended small financial
contributions to local clean-up teams and fair pay for waste workers, calling for joint
support from communities and government:

“Garbage collectors also not paid fair prices because they are paid KES 150 yet
the population is high and you wonder what they get. The government should in-
tervene and support them too. The community should come up and agree on the
amount to be contributed and ask the government to boost the amount so as to
ensure our people won’t complain. Putting in place restrictions against inappropri-
ate waste disposal would help, and more sensitisation.” (F-YM-4)

Residents across settlements also called for larger-scale cooperation. In informal set-
tlements, a strong sense of local responsibility was coupled with appeals for broader
coordination across villages:

“So, with unity in the community, in which case, Korogocho has 9 villages, let peo-
ple cooperate and clear the garbage to unblock the drainages. The drainage
should be dug deeper and that would be good because it's the garbage that pre-
vents the water from flowing. We don’t need to wait for the government as we say,
‘Government, help!” (I-YF-2)

“If I had the power, there would be plans such that people would volunteer and
participate in matters drainages and live in unity, because one person is not
enough.” (I-OF-3).

While emphasising community action, residents in informal settlements also called for
the government to “come to the ground” (I-YF-8) to understand local realities, identify
those most affected by flooding, ensure fair compensation, and demonstrate visible
presence. The government was also seen as responsible for improving infrastructure,
such as constructing sewer lines, maintaining drainage systems, and enforcing regu-
lations to keep them free from obstruction. Engaging local businesses to “take the re-
sponsibility of cleaning” was similarly encouraged (I-YF-2).

In formal settlements, residents also underscored that effective flood prevention re-
quires shared responsibility between government and community. Men and women
urged the county government to take responsibility for maintaining drainage systems,
ensuring regular waste collection, and providing adequate waste disposal sites located
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safely away from homes and schools. Others proposed practical steps, such as as-
signing waste trucks specific collection days and enforcing proper disposal to prevent
sewer blockages. A young woman also highlighted community oversight, including re-
porting unregulated construction and conducting proactive pre-rainy season cleanups:

“When there is a construction around, we, community members, are the ones who
are supposed to report it to the City Council immediately. City Council don't live
here, so, how would they know that there is a construction going on here? That is
where we come in. At household level” (F-YF-8).

Young women also urged for better coordination and earlier cleanups ahead of rainy
seasons, not just reactive efforts during floods:

“Since the metrological department knows when the rains come, before then peo-
ple should be sent to clear the litters... So, they should be clearing the drainages
when we are just about to get into rainy season and not just during the crises. They
should come before the crises. It's a crisis government.” (F-YF-3).

As one summarised, real change requires the national government, county authorities,
and local communities to “have one mind” and act together (F-YM-6).
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9 Discussion

9.1 Synthesis of findings

9.1.1 The Human Right to Water in informal and formal settlements of
Nairobi and beyond

Our study indicates that the Human Right to Water has not been met in formal and
informal settlements in Nairobi. Looking at the reported water insecurity and lived ex-
periences through a normative content of the HRtW perspective, our focus group dis-
cussions reveal that residents largely lacks available, accessible, affordable, accepta-
ble, and safe water (Table 4-2).

Availability of piped water is frequently limited by supply interruptions, which result in
intermittent and unreliable service provision, and water shortages on weekdays that
affect both formal and informal settlements. When drinking water is available is largely
unpredictable. Even though about half of households access water within their dwell-
ing, accessibility is also limited, and residents both in formal and informal settlements
are challenged with uneven distribution of access, and receive uneven services. Water
collection time reduces accessibility further, particularly in informal settlements, where
many residents spend over 30 minutes, sometimes more than an hour, to access drink-
ing water.

To overcome the inaccessibility of water, residents commonly connect illegally to wa-
ter supply networks, particularly in informal settlements, with adverse implications on
quality and safety, as leaking pipes contaminate drinking water. Broken and ageing in-
frastructure reduce the quality and safety of water further in both types of settlements,
resulting in health risks for the users. Quality and safety is reported to also worsen
after supply interruptions, and based on seasonality (mainly in rainy season). In both
settlements, households treat water when quality seems compromised, though non-
treatment is common — driven by perceptions of safety, cost, time, or lack of supplies
- highlighting gaps in consistent access to safe and acceptable water. Acceptability of
drinking water supply is reduced by limited availability, accessibility, quality and safety,
and by major time burden of collection — borne primarily by women -, as well as in-
convenient timing of water access, particularly in informal settlements. Low water
pressure in formal settlements reduce acceptability of water supplies further. Afforda-
bility constitutes another major challenge for residents in both types of settlements,
as supply interruptions and water shortages, as well as low water quality increase fi-
nancial burdens — and increase water prices. Women are particularly challenged in all
dimensions of the HRtW.
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Our Nairobi case mirrors challenges across informal settlements in the Global South,
where the HRtW remains unrealised through high costs, unreliable supply, and great
time burdens (Adams et al., 2022; Danti, 2018; Sarkar, 2020; Walnycki, 2015). Similar
exclusions are also evident in high-income contexts, where marginalised groups such
as Roma in European informal settlements (Anthonj et al., 2020; Anthonj, Setty, et al.,
2025; Davis & Ryan, 2016) and people experiencing homelessness in Germany (An-
thonj et al., 2024) face persistent barriers.

Residents of informal settlements pay substantially more for water than those in for-
mal areas, often consuming a large share of household income, a situation worsened
by water cartels and corruption (Giné-Garriga et al., 2017; Roaf et al., 2020; Social Jus-
tice Centres Working Group, 2020). Even within low-income settlements, household
socio-economic status shapes water access, including source, quantity, collection
time, and affordability (Adams, 2018a). Consistent with our findings, wealthier house-
holds cope by storing more water or purchasing additional supplies, while poorer
households face greater time and labour burdens, reflecting inequalities in both access
and coping capacity. Physical accessibility challenges disproportionately affect
women, who encounter environmental hazards and social risks during water collec-
tion, thus experiencing higher physical and emotional health burdens of water insecu-
rity (Adams et al., 2022). In Nairobi, poor infrastructure — including intermittent supply
and low-quality pipes in unsanitary areas — violates the right to safe water and forces
residents to rely on unsafe, often seasonally variable sources, as also documented in
South Africa and Malawi (Adams, 2018a; Roaf et al., 2020; Social Justice Centres
Working Group, 2020; Adams et al., 2022).

Beyond infrastructural challenges, HRtW violations in informal settlements are deeply
rooted in governance and socio-political marginalisation (Rodrigues et al., 2024), with
residents frequently excluded from formal service provision due to their unauthorised
status, violating principles of non-discrimination and equality central to HRtW (Davis &
Ryan, 2016; Gimelli et al., 2018; Roaf et al., 2020). Understanding HRtW in these con-
texts requires examining how informal water markets function and their role in sup-
porting or hindering justice in water delivery. In Bolivia, informal vendors organise to
safeguard distributive justice, providing fair pricing and acceptable water quality, yet
clients still experience procedural and interactional injustices, such as unreliable or
inequitable service (Wutich et al., 2016). While informal providers can advance water
rights with technical support and political recognition, they cannot replace the state’s
role in realising HRtW. At the same time, local communities worry that formal imple-
mentation of the HRtW may undermine their own management practices (Walnycki,
2015). In Nairobi, informal water vendors and cartels emerge where government con-
trol is weak, filling supply gaps but often charging higher prices and disproportionately
burdening low-income residents (Chumo et al., 2025; Roaf et al., 2020; Social Justice
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Centres Working Group, 2020). While competition among vendors can reduce prices
and improve water quality, lack of government support and oversight allows for exploi-
tation through high costs and poor-quality water. Integrating water vendors into gov-
ernance and fostering active collaboration between vendors, residents, and authorities
is therefore essential for ensuring equitable, affordable, reliable, and high-quality water
provision (Chumo et al., 2025).

Availability, accessibility, affordability, acceptability, and quality and safety of water vary
with type of settlement, gender and age

Our study also offers novel insights into reported availability, accessibility, affordability,
acceptability, and quality and safety of water, as well as related lived experiences vary
with type of settlement (formal versus informal), gender (male versus female) and age
(younger versus older adults).

While a small number of studies addresses the (need to securing) the human right to
water in informal settlements, e.g. in India (Gimelli et al., 2018; Wagle, 2023), Bolivia
(Walnycki, 2015; Wutich et al., 2016) and Sweden (Davis & Ryan, 2016), to our
knowledge, this is the first systematic assessment and analysis of the normative
content of the HRtW in informal settlements and with that, also the first systematic
comparison of the realisation of the HRtW in formal versus informal settlements. Our
focus group results find all dimensions of the HRtW are challenged in both types of
settlements. Yet, while water availability, affordability, and quality and safety of water
are issues reported in both types of settlements, accessibility and accountability re-
lated to water shortage and service interruptions are reported more in formal than in
informal settlements. Acceptability and accountability related to poor water quality are
addressed more in informal settlements (Table 4-2). These patterns can be partly ex-
plained by differences in distribution and reliance on NCWSC services. Formal settle-
ments generally have household-level metered connections, meaning residents expe-
rience service disruptions directly and therefore place greater emphasis on accounta-
bility from the water utility. In contrast, informal settlements often rely on community
water points or kiosks supplied by NCWSC. Residents in informal settlements are ac-
customed to rationing and storing water at the household level, and usage patterns are
typically lower. Nonetheless, water quality at these points is often poor, particularly
after service interruptions, explaining the higher reporting of acceptability and ac-
countability related to water quality.

Analysing the results of our focus groups by gender to understand whether females
and males face differences in their perceived and reported realisation and lived expe-
riences of the normative content of the HRtW, we observe that while water availability
is a problem reported both by women and men, some other dimensions are perceived
differently. According to our analyses, women reported more often struggles related to
accessibility, water quality and safety, acceptability and affordability of water. Men, on
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the other hand, addressed more often accountability related to water shortage and
service interruptions and poor piped water quality (Table 4-2). Differentiated relation-
ships to water access and experiences between women and men have been previously
reported (Harris et al., 2017), and our study confirms this previous evidence. Other di-
mensions of the HRtW, however, have not been analysed by gender yet, thus, this study
offers first insights related to the normative contents. Considering that (i) the gendered
responsibilities related to water fetching, and domestic water (and related health-pro-
moting) activities which in Sub-Saharan Africa area commonly are carried by women,
and that (ii) water-related threats and risks affect women more than men, differences
in lived experiences and focus group reports related to water access, quality, safety,
acceptability and affordability are not surprising (Cole et al., 2024; Dickin & Caretta,
2022; Van Houweling, 2016). Considering also that women are often excluded from
water-related decision making (Adams et al., 2018), more profound lived experiences
among men related to water accountability is not surprising either.

Analysing the results of our focus group by age, we find only minor differences in the
realisation of the normative content of the HRtW between younger and older adults.
Water availability, accessibility, affordability and quality and safety are problems re-
ported regardless of age. Yet, acceptability and accountability related to water short-
age and supply interruptions are challenges addressed more in older than in younger
adults, while accountability related to poor water quality is addressed more in younger
as compared to older adults (Table 4-2). While age has previously been found to deter-
mine water- and health-related knowledge, attitudes and practices (e.g. Jones et al.,
2005; Maniragaba et al., 2023), this is the first age-group related analysis and compar-
ison related to the HRtW.

9.1.2 Willingness to pay for water for improved wellbeing and productiv-
ity in informal settlements in Nairobi, Kenya

Our analyses of improved water services reveal a clear preference among residents of
informal settlements for such improvements over the current situation. Even when ac-
counting for cost differences, respondents consistently favoured an intervention
providing piped connections to kiosks. Improvements in water quality emerged as the
dominant factor influencing choices, with pressure and supply frequency playing sec-
ondary roles. Further, our analyses highlight that not all residents value these improve-
ments equally. In particular, we showed that preferences for better water quality and
pressure at the tap vary across individuals (unobserved heterogeneity), pointing to dif-
ferences in taste beyond the differences in household characteristics (observed heter-
ogeneity). Among household characteristics, longer residence in the area was associ-
ated with stronger dissatisfaction with current services, suggesting that prolonged ex-
posure to water insecurity fuels the desire for change. The way the choice task was
framed also mattered: participants who were prompted by the health implications
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related to improved water quality and availability were more inclined to support the
intervention than those prompted to consider productivity impacts of the intervention.

Preferences elicited in this study translate into meaningful monetary values that are of
magnitude that is comparable to the baseline expenditures (cost in the SQ option), or
higher depending on the combination of attribute levels in the intervention. While our
estimates indicate a substantial willingness to pay for improved water services, these
values should be interpreted with caution, and not be deemed as a justification for
imposing higher user charges or profit-oriented pricing strategies. Rather, the positive
WTP reflects the essential importance of water to residents who currently face severe
deprivation of this basic human need. The monetary valuations we report signal the
extent to which households value safe, reliable, and accessible water as a cornerstone
of dignity and daily wellbeing, not as a market opportunity to be exploited. In this sense,
the results underscore the urgency of ensuring adequate water provision as a matter
of social equity and human rights, consistent with the Sustainable Development Goals.
Beyond fulfilling these rights, extending reliable water infrastructure to underserved
populations carries transformative potential that shape daily well-being through im-
proved health, reducing time burdens, and enabling greater participation in economic
life, all of which in turn contribute to enhanced welfare and resilience in informal set-
tlements.

It should also be acknowledged that the choice experiment relied on relative measures
of improvement rather than absolute service levels. Respondents compared incremen-
tal gains—such as additional days of water availability or qualitative enhancements in
perceived water quality and pressure—relative to their current situation. The cost at-
tribute was anchored at a reference price of 5 KSH per 20-litre jerrycan to represent a
typical baseline. In practice, however, water prices in informal settlements normally
fluctuate within a range of 5KSH to 10KSH, in extreme circumstances up to 20 KSH,
depending on the season, supply constraints, and vendor pricing practices. The model
was therefore estimated around a specific status quo anchor, and the resulting willing-
ness-to-pay figures should be viewed as relative indicators of value rather than precise
monetary predictions. They reflect residents’ perceived worth of tangible service im-
provements, not absolute payment thresholds. In addition, the hypothetical nature of
the discrete choice tasks may have imposed some cognitive burden on participants
unfamiliar with such exercises, despite efforts to simplify the design. Despite these
limitations, the study offers several notable strengths. The integration of experimental
and qualitative methods such as focus group discussions provides interpretive depth;
the attribute design was informed by extensive local fieldwork, ensuring contextual re-
alism; the inclusion of alternative framings allowed examination of how perceived ben-
efits influence preferences; and alternative model specifications captured meaningful
variation in preferences across respondents. Together, these features lend robustness
to the obtained results. We urge that the WTP results be interpreted as reflections of
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the importance residents attach to reliable and safe water services, rather than as ev-
idence of their ability or obligation to pay higher prices.

9.1.3 The Human Right to Sanitation in informal and formal settlements
of Nairobi and beyond

Our study indicates that the Human Right to Sanitation has not been met in formal and
informal settlements in Nairobi. Framing the lived experiences and reported insecuri-
ties related to sanitation with the normative content of the HRtS perspective, our data
reveal that residents largely lack available, accessible, affordable and acceptable san-
itation of sufficient quality and safety (Isunju et al., 2011; McFarlane et al., 2014; Okurut
etal., 2015).

Availability of sanitation infrastructure greatly varies between formal and informal set-
tlements. Whereas in formal settlements, private, improved sanitation facilities with
piped sewer connections are reportedly available for nearly all survey respondents, and
not further addressed in focus group discussions, informal settlement residents report
major availability challenges. Private facilities are very scarce (1% of informal house-
holds surveyed). Instead, households rely largely on sanitation facilities shared
(Sprouse et al., 2025) with compound households (79%) or the general public in the
settlement (20%), with almost 20% using unimproved facilities such as open pits and
flush to open drain for sanitation. Challenges relate to (shared) sanitation were fre-
quently raised in group discussions, and resulting open defecation is a major concern,
particularly in women (Chaplin, 2017; Corburn & Hildebrand, 2015; Kulkarni et al., 2017;
Vogel et al., 2022)and older adults.

Accessibility of sanitation facilities (Arias Granada et al., 2018; Doe & Aboagye, 2022)
is no major concern in formal settlements, as nearly all households have access to a
private toilet. Among residents of informal settlements, where almost all households
share a sanitation facility (Pessoa Colombo et al., 2023), accessibility issues were not
highlighted during group discussions either. Yet, statements and concerns related to
accessibility of shared sanitation at night, distance and user fees, as well as unpredict-
able demolitions, indicate barriers to access (Adams et al., 2016; Aydamo et al., 2024).

Affordability concerns were voiced particularly in informal settlements (Simiyu et al.,
2017), where insecure land tenure and low household incomes constrain households’
ability to invest in or maintain toilets. As a result, toilet availability is constrained, and
user fees further restrict access for many residents.

Affordability is an issue in formal settlements as well, where it affects functionality
rather than availability though, as water pumps are often unaffordable to households,
preventing running water supplied to bathrooms and leaving existing toilets unusable.
Increased prices during water supply interruptions result in reduced water use which
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also affects sanitation-related quality and safety. Thus, affordability has implications
for accessibility, quality, maintenance, and frequency of services, directly restricting
the sustained realisation of the human right to sanitation.

Quality and safety of sanitation is compromised in informal settlements (Okurut &
Charles, 2014; Satterthwaite et al., 2015), where shared and self-constructed make-
shift toilets cause environmental contamination, and pose health risks as in the ab-
sence of adequate sewer networks, human waste is not disposed of safely. These con-
ditions intensify water insecurity, particularly during heavy rains or floods (Fleming et
al., 2019; Lebu, Gyimabh, et al., 2024), overwhelming infrastructures, introducing addi-
tional contamination into the environment, reducing availability, accessibility and qual-
ity of sanitation and hygiene further, and forcing residents to resort to risky practices
such as open defecation, which bring along more serious health risks even. Challenges
related to quality and safety exist in formal settlements also, where population pres-
sure on existing infrastructure leads to blockages and overflow, issues that are also
aggravated during floods (Fleming et al., 2019).

Although participants in our study rarely discussed acceptability of sanitation directly,
its relevance is highlighted in statements around resulting adverse effects on well-be-
ing, and frustration about the inability of authorities (Sinharoy et al., 2019) to provide
and improve formal sanitation systems that leave no one behind and community-led
efforts (Chaudhuri, 2017; Lebu, Sprouse, et al., 2024; Li, 2024) to fill governance and
budget gaps (Chumo et al., 2023).

9.1.4 Flood exposure, vulnerability, and coping strategies in informal and
formal settlements of Nairobi

(Perceived) flood exposure is substantially higher in informal than in formal settle-
ments. In informal settlements, flooding was described as widespread and affecting
all residents across genders and ages. Flooding was also reported in formal settle-
ments across genders and ages, but perceived exposure depended on personal affect-
edness. Some younger and older women viewed their exposure as low because their
immediate surroundings had remained unaffected. Survey data confirmed differences
in flood exposure, with nearly 60% of respondents in informal settlements having per-
sonally experienced flooding compared to just 5.6% in formal settlements.

Across both settlement types, prior flood experience strongly shaped risk perception:
those who had previously been affected reported substantially higher flood worry, an-
ticipated flood risk to increase, and expected higher damage than those without prior
exposure, with overall risk perception higher in informal settlements. High exposure in
informal settlements was attributed to the proximity of housing to the Nairobi River, a
housing location driven by necessity rather than choice. Geographic drivers were less
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prominent in formal settlements, where concerns instead related to uneven terrain or
elevation.

Differences in flood vulnerability are most noticeable across settlement types but
within settlements also varies between socio-economic groups. Women and female-
headed households in informal settlements reported higher expected damage and
greater perceived risk than men, whereas such gender differences were less noticeable
in formal settlements. Larger households, those including a person with a disability,
and — particularly in informal settlements — households with children tended to worry
more about flooding and resulting damage. Age patterns were inconsistent. Financial
hardship heightened concerns, especially informal settlements.

Housing conditions increase flood vulnerability in informal settlements, where most
homes are built from non-durable, water-sensitive materials such as mud, iron sheets,
wood, and plastic marquee cloths, with many requiring structural repair. Those living
in homes with poorly maintained walls or roofs worried more about flooding and re-
sulting damages and both younger and older women highlighted housing materials
and conditions as driver of flood vulnerability in focus group discussions. In formal
settlements, housing is generally more durable and well maintained. However, younger
men noted spatial differences within these areas. The emergence of informal struc-
tures within formal neighbourhoods has increased vulnerability to surface-water flood-
ing and sewage overflow among residents living on ground floors, particularly those in
iron-sheet units. Residents on upper floors experience rainwater infiltration when roods
have leaks.

Infrastructure deficits further intensify flood vulnerability. Across settlement types, gen-
ders, and ages, waste-blocked drainage systems — caused by inadequate waste man-
agement — were seen as one of the primary drivers of flooding. High housing density,
insufficient drainage capacity, and rapid population growth were also widely identified
as factors that increase vulnerability across settlement types. In informal settlements,
drainage channels are narrow, shallow, and open, and the absence of designated
waste-disposal sites makes blockages from litter frequent. In formal settlements,
drainage systems are generally well planned and underground, but rising waste vol-
umes and continued population growth are beginning to exceed their capacity, result-
ing in clogged drains and overflowing dump sites. Formal settlement residents across
genders and ages noted that new housing is often added without corresponding up-
grades to drainage infrastructure. Waste-induced river overflow was specific to infor-
mal settlements, where residents across all groups highlighted the blockage of the
river by dumped waste as a key cause of flooding.

Institutional factors, including unregulated land use and weak infrastructure govern-
ance, were discussed as a contributor to flood vulnerability across settlement types.
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All age and gender groups in informal settlements emphasised how unregulated con-
struction obstructs drainages, compounded by limited financial means to relocate and
poor regulatory oversight. Across both settlement types, residents expressed deep
frustration with government and city council inaction, with many feeling abandoned
and viewing political engagement as opportunistic.

These disparities in flood vulnerability across settlements are reflected in markedly
different experiences of loss and damage. In informal settlements, residents across
genders and ages described severe impacts, including damaged homes, loss of be-
longings, fatalities, and substantial economic hardship. Flooding exacerbated financial
hardship in informal settlements, where residents reported difficulties covering essen-
tial needs, such as food and water, and substantial disruptions to well-being and in-
come from property damage, loss of non-food items, and business losses. Govern-
ment demolitions — sometimes carried out in residents’ absence and without notice -
resulted in total loss of possessions and forced relocations, creating profound finan-
cial and emotional burdens. In formal settlements, flooding was mostly confined to
outdoor areas and streets, primarily affecting mobility rather than homes. Major losses
were rarely reported, though some older residents noted that flooding left homes and
surrounding spaces dirty and diminished living standards.

Flood mitigation occurs at governmental, individual, and community levels. At the gov-
ernmental level, residents in both settlement types called for upgraded and maintained
drainage systems. In informal settlements, government-mandated relocations and de-
molitions were considered life-saving for some but criticised for inadequate compen-
sation and lack of safe alternative housing, while NGOs provided essential support.
Informal settlement residents urged the government to engage directly on the ground
to identify those most affected and ensure fair assistance. At the individual or house-
hold level, informal settlement residents adopt strategies such as avoiding flood-prone
areas and using ad hoc measures during flooding or rainfall like placing buckets or
soil-filled sacks against walls. In formal settlements, few personal flood protection
measures were reported due to low risk perception, but some participate in cleaning
drainages and recommend installing gutters or ensuring proper drainage before con-
struction. At the community level, residents across settlements emphasised collective
responsibility for environmental hygiene and functional drainage, including collective
environmental clean-ups or, in informal settlements, deepening drains. In formal set-
tlements, actions also include awareness campaigns, informal enforcement (discour-
aging littering), as well as organising and paying for infrastructure repairs and waste
services. They rely on local leaders to coordinate clean-ups and report issues to au-
thorities. In formal settlements, residents emphasized that effective flood prevention
requires shared responsibility between the national government, county authorities,
and local communities. They urged the government to maintain drainage systems and
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ensure proper waste management, while the community should provide oversight by
reporting unregulated construction and conducting proactive pre-rainy-season clean-
ups. Effective flood prevention relies on coordinated, proactive efforts across all three
levels.

9.2 Compound challenges

9.2.1 A downward spiral of vulnerability: Compounded WASH and flood-
ing challenges in formal and informal settlements

Limited availability, accessibility, quality, safety, affordability, and acceptability of drink-
ing water and sanitation, and recurring flooding interact to create compound chal-
lenges that undermine the realisation of the Human Right to Water and Sanitation in
formal and informal settlements. Together, these pressures form a cycle of environ-
mental contamination, ill-health, poor well-being, and reduced productivity, that further
increase financial strain and vulnerability to these challenges, impeding sustainable
development, particularly in informal settlements.

How water insecurity exacerbates sanitation and hygiene challenges

Across both settlement types, limited water availability and persistent supply interrup-
tions undermine the availability, accessibility, quality and safety, and affordability of san-
itation facilities. When water is insufficient or unsafe, water-dependent toilets become
non-operational, operating costs rise as water becomes more expensive, and house-
holds struggle to manage human waste safely.

In informal settlements, limited water directly reduces the availability, quality and
safety of shared sanitation facilities. Water-dependent shared toilets are often closed
due to lack of water, shrinking the already limited number of available and accessible
toilets. When residents continue using these facilities without adequate water due to
lack of alternatives, unflushed faecal waste accumulates, creating strong odours and
unsanitary conditions throughout the settlement, or forcing residents into unsafe prac-
tices such as open defecation. Both situations contribute to environmental contami-
nation that further degrades water quality, safety, and acceptability, undermining health
through direct exposure to faecal matter in the shared facilities and the environment,
and contaminated water.

In formal settlements, the main impact of water insecurity on sanitation is diminished
usability, quality, and safety rather than reduced overall availability. Persistent water
supply interruptions and low pressure leave bathrooms in households lacking pumps
without water access, preventing normal flushing and showering. Residents resort to
flushing and bathing using buckets, lowering living standards. When water availability
is limited (e.g. during water supply interruptions), households ration water for toilet
use, but facilities generally remain operational and human waste continues to be
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discharged safely. Still, manual flushing can create domestic tension and psychologi-
cal strain, when household members who are less used to fetching water leave toilets
unflushed, creating strong odours.

Limited water availability drives up maintenance and operation costs of sanitation, re-
ducing affordability of sanitation, leading to unequal accessibility. In informal settle-
ments, fees for water-dependent toilet use may rise sharply (e.g. from KES 5 to KES
20-30, EUR 0.13-0.20), restricting accessibility and increasing reliance on unsafe al-
ternatives such as “flying toilets” (Norlén, 2011; Patel et al., 2011) or open defecation.
Even where non-sewered sanitation is in place, unequal access even within informal
settlements persists, as households with sufficient income can ensure regular waste
collection, while poorer households experience irregular or interrupted service, limiting
the continued use, quality and safety of sanitation facilities — with water insecurity
driving up water expenditures and thus leaving less for other basic needs such as
waste collection and toilet use fees.

Across settlement types, water supply interruptions, increased water prices, and de-
clines in piped water quality — especially shortly after supply interruptions, during the
rainy season and flooding — further undermine sanitation. Residents cope by multi-
source use and switching of sources (Daly et al., 2021; Elliott et al., 2019; Liu et al.,
2017), reserving safe water for consumptive uses like cooking and drinking, while us-
ing lower-quality sources for flushing toilets and cleaning. The use of sewerage-con-
taminated or rainwater of uncertain safety exposes households to unsanitary toilet
conditions, further undermining health, well-being, and productivity (see 9.2.2).

Limited water availability, accessibility, quality, safety, affordability, and acceptability
also undermines hygiene practices crucial for preventing disease, safeguarding well-be-
ing, and productivity. In both informal and formal settlements, water insecurity under-
mines dignity by restricting handwashing, bathing, and washing clothes. This, in turn,
heightens risks of diarrhoeal diseases, especially for children, but also reducing men-
tal, emotional, and social well-being as well as productivity. Adults also struggle to
maintain bathing and genital cleansing, which can increase risk of illness, including
sexually transmitted infections, create discomfort, and disrupt social activities (see
9.2.2).

Children are particularly vulnerable across settlement types as they may not learn ap-
propriate hygiene behaviour and routines with persisting water supply interruptions.
Children may unknowingly use substantial amounts of water for handwashing, leaving
less for other household activities and creating domestic tensions, while still some-
times eating without properly cleaning their hands, further increasing the risk of infec-
tion. Also in formal settlements, intermittent supply forces children to seek water
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outside bathrooms after using the toilet, impeding consistent hygiene habits and in-
creasing caregiver stress.

Food and household hygiene suffers as well. Water saving practices — when water
availability, accessibility, safety, quality, and affordability is compromised - limits avail-
able water for washing of utensils and ingredients, while unsafe water used for clean-
ing increases exposure to contaminants.

How flooding exacerbates WASH challenges

Flooding further compromises the availability, accessibility, quality and safety, afford-
ability, and acceptability of water and sanitation services, particularly in informal set-
tlements (Kohlitz et al., 2025; Lebu, Gyimabh, et al., 2024).

Across settlements, flooding causes damage to water and sanitation infrastructure.
Floods can damage water pipes, collapse boreholes, overflow sewers, and destroy san-
itation facilities. These impacts are particularly severe in informal settlements, where
collapsed water points and latrines are considered far more disruptive to household
well-being and productivity than in formal settlements. Such infrastructure damage di-
rectly reduces access to safe water and sanitation and creates direct exposure to con-
tamination. Both short- and long-term risks arise when damaged systems can no
longer ensure reliable water supply or safe waste disposal, leaving households with no
choice but to rely on unsafe water sources and unsafe sanitation options if repairs are
delayed or unaffordable.

The configuration of water distribution systems makes informal settlements particu-
larly vulnerable to flood-related water contamination. While the distribution network up
to cluster chambers is generally safe — because this portion is managed centrally and
follows formal design standards — the network beyond these points is typically ex-
tended by individual customers who connect water from the chambers to kiosks, yards,
and plots. This user-constructed network is often referred to as “spaghetti piping” (Kjel-
lén, 2006; Morton et al., 2020). It consists of numerous small-diameter pipes laid infor-
mally on the ground or through open drains, frequently exposed, overlapping, and un-
regulated. These pipes lack proper burial, casing, or protection and often run through
unsanitary areas. When flooding occurs, these exposed pipes are easily damaged or
submerged in contaminated water, allowing sewage, sludge, and waste-laden runoff
to enter the pipes through breaks, cracks, or loose joints. By contrast, formal settle-
ments rely on underground piped systems installed to regulated standards, substan-
tially reducing the risk of physical damage or cross-contamination (Mosbach et al.,
2022).

Flooding also interacts with weak sanitation systems to exacerbate environmental
contamination. In formal settlements, sewer lines can become blocked, causing
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toilets, particularly on lower floors, to overflow, creating acute sanitary hazards (Flem-
ing et al., 2019). In informal settlements, the combined effect of inadequate sewerage,
full or poorly maintained pits, and unaffordable emptying services means that heavy
rains and floods mobilise human waste from latrines and open disposal points into
homes, streets, and nearby water sources through damaged water pipes. The practice
of discharging emptied pit contents into rivers further compounds the problem, as
floodwaters redistribute this waste throughout residential areas. As a result, water
quality deteriorates during the rainy season and flooding, with contaminated surface
water and drinking water during flooding rated far more disruptive to household well-
being in informal settlements than in formal ones (Lebu, Gyimah, et al., 2024; Othoo et
al., 2021; Vollmer & Grét-Regamey, 2013).

In informal settlements, flood-related water insecurity is further amplified by govern-
ment flood mitigation measures (Adams & Amoako, 2022; Owusu-Ansah, 2016). De-
molitions of structures within flood-prone zones (see 8.4.1) have damaged water pipes
and contributed to piped-water contamination, while reducing the availability and
safety of sanitation facilities. In some cases, the demolished toilets had provided im-
proved sanitation, and their removal resulted in unsafe practices such as open defeca-
tion and heightened environmental contamination. Households relocated to rental ac-
commodation after demolitions also face increased financial strain and often encoun-
ter poorer access to water and sanitation services, particularly when moved farther
from established water points or social support networks.

Limited water availability already undermines sanitation and hygiene by reducing the
usability, safety, and affordability of sanitation facilities. Flooding then further compro-
mises the availability, accessibility, quality and safety, affordability, and acceptability of
both water and sanitation systems through infrastructure damage, contamination, and
service disruption. As a result, flooding deepens water insecurity and consequently
intensifies all sanitation and hygiene challenges already driven by limited water availa-
bility. With clean water less available and sanitation systems compromised, house-
holds struggle to maintain toilet hygiene, handwashing, personal cleanliness, and food
hygiene.

A downward spiral of financial strain and vulnerability

The combined effects of limited availability, accessibility, quality, safety, affordability,
and acceptability of drinking water and sanitation, aggravated by recurring flooding,
create a downward spiral of economic pressure and disadvantage. Water supply inter-
ruptions reduce availability, accessibility, and affordability of drinking water and sani-
tation across both settlements, placing households under financial strain and forcing
them to ration water for essential needs such as food preparation and hygiene. Poor
water quality, particularly shortly after supply interruptions, during the rainy season,
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and flooding, adds to financial strain. Treating contaminated water is costly, while un-
treated water leads to illness, which in turn generates healthcare expenses, lost
productivity, and additional strain on already limited budgets. Flooding intensified the-
ses financial strains, especially in informal settlements, where payment difficulties for
essential needs rise during flood events. Damage to homes, loss of belongings, and
restricted mobility during floods result in missed school days, disrupted work, and re-
duced income, severely affecting health and well-being in both the immediate and
longer term. Residents must remain at home during floods to protect their belongings,
causing direct loss of daily earnings. Government demolitions implemented as flood-
protection measures in informal settlements further compound economic hardship by
forcing families into rental houses, often with reduced access to safe water and sani-
tation services, while simultaneously losing social support networks. These intercon-
nected challenges aggravate persistent challenges to health, well-being, and produc-
tivity (see 9.2.2), deepening inequalities and exposing the most vulnerable residents,
particularly women and children, and those living in informal settlements, to persistent
and disproportionate harm.

9.2.2 Effects on heath, well-being, and productivity

Compounded WASH and flood-related disruptions have wide-ranging impacts on
health, well-being, and productivity across both informal and formal settlements.

Disease, physical health and well-being

Disease and physical well-being are affected through multiple pathways, including
heightened exposure to disease, increased risks and injuries during water collection,
reduced sleep and physical exhaustion, and compromised hygiene and nutrition. The
burden falls disproportionately on women, children, and residents of informal settle-
ments, whose daily routines are most constrained by unreliable water supply, poor san-
itation, and recurrent flood hazards.

Physical health and well-being impacts of limited and unreliable water access in informal,
but also formal settlements, disproportionally affecting women who bear the primary
responsibility of collecting water.

Increased risk of physical injury, sexual harassment, and assault arises mainly in in-
formal settlements, among women and girls. In informal settlements, queues at water
kiosks sometimes escalate into physical fights, while efforts to avoid conflict can
mean missing out on water entirely, which can in turn lead to disputes among spouses.
Heightened risks of sexual harassment and assault also affect girls collecting water
(Kimutai et al., 2025; Mukiese Nlunda et al., 2024; Pommells et al., 2018; Thompson et
al.,, 2011). Shared and unimproved sanitation facilities heighten fears of physical harm
in informal settlements, where around one third of respondents experienced safety
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(40.5%) and privacy (31.0%) concerns at least sometimes, particularly women and us-
ers of open pits, pit latrines, and ventilated improved pit latrines (VIP).

Sleep disruption and chronic fatigue result from the need to collect water at night.
Residents in informal settlements and households in formal settlements without
pumps or tanks, particularly women, must adjust their daily routines to brief periods
when water is available at adequate pressure, often waking during the night to queue
for water. Insufficient rest weakens physical well-being, causes persistent tiredness,
and increases vulnerability to illness. Exposure to cold weather during nighttime water
collection heightens risks of respiratory infections, including pneumonia. Flooding also
disrupts sleep across settlements, as residents stay awake to prevent water from en-
tering homes and to protect their belongings. In informal settlements, sleep is further
compromised over the longer term when residents lose their beds, mattresses, or en-
tire homes.

Musculoskeletal strain, back injuries, and exhaustion stem from the physical effort
required to lift and carry heavy jerrycans, disproportionally affecting women across
settlement types (Geere et al., 2018). These increase nutritional demands that, partic-
ularly in informal settlements, remain unmet when water availability, affordability, and
quality are limited.

Waterborne diseases such as diarrhoea, typhoid, amoebiasis, cholera, and other gas-
trointestinal infections (Bartram & Hunter, 2015), occur when residents are exposed to
pathogens when ingesting contaminated water. In both informal and formal settle-
ments, risk increases when damaged pipes and service interruptions allow sewage
and soil to enter water supplies, exacerbated during the rainy season and flooding
(see 8.2). Poor water quality at the point of use (Wright et al., 2004) is further affected
by coping strategies such as prolonged storage (Clasen & Bastable, 2003; Manga et
al.,, 2021)in jerrycans — common particularly in informal settlements — or reliance on
alternative, often unsafe water sources. Consumption of untreated water, when treat-
ment is unaffordable, time- or labour-intensive, directly exposes households to patho-
gens, with children particularly vulnerable. Untreated water use is especially prevalent
in informal settlements.

Water-washed diseases (insufficient water for hygiene, Bartram & Hunter, 2015)
through person-to-person transmission of diarrhoeal and respiratory diseases in-
creases when households lack adequate, accessible, clean, and safe water for per-
sonal and domestic hygiene, compounded by sanitation challenges and flooding (see
9.2.1). Water scarcity, poor water quality, and unaffordable prices, and water saving
practices restrict bathing, handwashing, menstrual hygiene, and cleaning of utensils.
Children may not follow or learn proper handwashing routines when water supply is
intermittent and unreliable, contributing to diarrhoeal outbreaks. Caregivers struggle
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to maintain hygiene after changing diapers. Limited body hygiene can also increase
vulnerability to sexually transmitted infections, particularly noted by young men in in-
formal settlements. Residents across settlement types cope with lack of available, ac-
cessible, safe, affordable water by resorting to alternative water sources, often of poor
quality, for laundry, cleaning, and toilet flushing, which exposes households to patho-
gens via compromised environmental hygiene.

Water-based diseases, caused by pathogens requiring part of their life cycle in water
(Bartram & Hunter, 2015), arise from exposure to contaminated water. In the case of
schistosomiasis, for example, parasite-carrying snails live in and release pathogens
into water, which then enter the human system through the skin. In informal settle-
ments, surface water becomes contaminated through solid waste and human excreta
being discharged into rivers to due lack of waste management. Flooding worsens
these risks by mobilising faecal matter from latrines, open waste disposal points, open
drainages, and contaminated river water into homes, streets, and water sources (see
9.2.1). In formal settlements, blocked sewers and toilet overflows during floods also
create acute sanitary hazards. Floods in informal settlements also cause fatalities and
injuries from fast-moving water and unsafe informal electricity connections. Residents
with prior flooding experiences report significantly lower satisfaction with their health.

Water-related vector-borne diseases (insect vectors breeding in or near water, Bar-
tram & Hunter, 2015), such as Malaria, increase where stagnant water accumulates.
Flooding, inadequate drainage and litter accumulating in streets in the absence of ad-
equate wase management, create extensive mosquito breeding grounds across both
settlement types. Children face the highest risk, particularly when playing in floodwater
without awareness of the associated dangers. Flooding and water insecurity also dis-
rupt household routines and reduce the capacity to maintain environmental cleanli-
ness, further supporting vector breeding.

Besides, water infrastructure systems themselves might facilitate disease transmis-
sion (Bartram & Hunter, 2015).

Poor sanitation and flooding amplify the risk of all WASH-related infectious diseases.
Particularly in informal settlements, open pits, poorly maintained shared toilets, and
unremoved waste — whether due to water scarcity or unaffordable waste collection -
increase environmental contamination, facilitating waterborne and water-washed dis-
ease transmission. During floods, latrine and sewer overflows expose entire residents
across settlement types to faecal pathogens through direct contact and contamination
of water sources. Worry about disease from sanitation conditions is widespread, par-
ticularly in informal settlements (informal: 77.2% at least sometimes, 30.7% always;
formal: 37.9% at least sometimes), among women, and users of open pits, pit latrines,
flush to septic tank, and VIP. Disgust when using toilets is also widespread (informal:
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78.3% at least sometimes, 26.6% always; formal: 44.1% at least sometimes), affecting
women's perceived health, overall well-being, and environmental quality.

Undernutrition occurs when households cope with limited water availability, accessi-
bility, and affordability by skipping meals or reducing food purchases, especially in in-
formal settlements. This weakens immune responses and heightens vulnerability to
WASH-related infectious diseases. Foodborne illness risk, resulting from limited food
hygiene, also increases under water insecurity, as insufficient or contaminated water
for washing vegetables and utensils leads to food contamination and attracts flies,
linking water scarcity to both nutritional deficits and infectious disease. Dehydration,
including among children, arises when limited availability of safe water forces house-
holds to restrict drinking despite understanding the need for sufficient hydration, as
reported by women in informal settlements (Frongillo, 2023).

Prolonged illness and slower recovery also arise when water scarcity impedes per-
sonal hygiene and the ability to care for sick household members, increasing the like-
lihood that infections progress to more severe disease, co-infections, or extended ill-
ness duration. These risks are further compounded by undernutrition and weakened
immune response when households cope with high water costs or flooding-related
economic pressure.

Mental and emotional well-being

Stress and worry arise from constant uncertainty about accessing water, driven by
limited availability and, in particular, the unpredictability of when water is supplied
across settlement types. Emotional distress stems from difficulties meeting basic
household needs — maintaining hygiene, flushing toilets, washing clothes, and prepar-
ing food — and from the financial strain of purchasing water, especially for households
with children. Unreliable supply generates persistent worry and anxiety about when
water will return, whether stored water will last, and whether the quality is safe. Fear of
health risks from poor water quality and concern over treatment costs further intensify
anxiety. Caring for sick children without adequate water for hygiene or the financial
means for treatment further compounds stress.

Anxiety, fear, and emotional strain are amplified by unsafe sanitation and flooding.
Worry about disease from unsanitary toilets and frequent experiences of disgust -
particularly among women using open pits, pit latrines, VIPs, or shared facilities — pro-
duces ongoing stress. Flooding adds further emotional strain and stress, particularly
in informal settlements, where residents fear leaving homes and their belongings un-
protected while at work or school, face repeated losses and relocations, and experi-
ence instability that especially affects children who must change schools (Brewis et
al., 2019; Kimutai et al., 2023; Wutich et al., 2020).
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Mental fatigue results from sleep disruption associated with water collection at night
or early in the morning. Children in informal settlements woken before dawn to fetch
water experience tiredness, reduced well-being, and mood disturbances, with parents
stressed about placing an disproportionate burden on them. Flooding also causes
sleeplessness when residents stay awake to prevent water from entering their homes,
contributing to exhaustion and emotional strain.

Discomfort, unease, and reduced daily pleasures arise when water scarcity interferes
with restorative activities such as bathing. Limited water for washing hands, bodies,
and clothes leads to physical discomfort and embarrassment from body odours, re-
ported across genders, ages, and settlement types. Water scarcity also diminishes
daily pleasures and the sense of comfort at home. Residents across settlement types,
ages, and genders emphasised that reliable and adequate water supply brings psycho-
logical ease, emotional relief, and a sense of joy to everyday life, while a home without
sufficient water feels incomplete.

Social well-being

Social well-being is strained by conflicts around water access. In informal settlements,
queuing at public taps can lead to arguments, verbal abuse, or theft, eroding trust,
neighbourly relations, and personal security. In formal settlements, tensions arise be-
tween households with and without pumps, as unequal water access generates frus-
tration and resentment, particularly among men. Conflicts and social pressure also
arise from limited hygiene. Residents across settlements, particularly women, de-
scribed social judgement and strained neighbourly interactions due to body odours or
visibly unwashed clothes.

Household relationships are disrupted by disagreements over who should collect wa-
ter, especially when supply returns at inconvenient times, such as weekends clashing
with social plans or rest, as noted by older men in formal settlements. Limited water
can create conflict between spouses when unaffordability prevents fetching enough
for bathing after work. Sanitation challenges further strain domestic relations in formal
households without pumps, where toilets must be bucket-flushed and unflushed toilets
become a source of tension.

Social interaction at home is restricted when households avoid hosting visitors to con-
serve scarce water, particularly highlighted by young women in formal settlements
who limit social contact to prevent additional use of toilets or bathrooms.

Comfort, dignity, and social confidence are undermined when water scarcity prevents
maintaining hygiene. Residents, especially in informal settlements, experience dis-
comfort and shame when unable to bathe or wash clothes, with body odours creating
embarrassment at work or in social settings. Shame is also widely experienced during
toilet use, particularly among informal settlement residents (52.7% at least sometimes,
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14% always, compared with 24% at least sometimes in formal settlements), women
and users of open pits, pit latrines, or shared facilities. Women in informal settlements
who frequently experience disgust and worry about disease during toilet use report
lower satisfaction with personal relationships and community belonging. Those who
worry about their privacy during toilet use are less satisfied with community belonging,
while those feeling ashamed less satisfied with their standard of living and personal
achievements.

Social networks are further weakened by flooding, particularly in informal settlements.
Younger women described emotional strain when flooding forced family or neighbours
to relocate, leaving them feeling abandoned, isolated, or left behind. The loss of famil-
iar support networks and the need to rebuild relationships in unfamiliar surroundings
diminished their sense of community. Residents with prior flood experience also report
lower satisfaction with personal relationships and community belonging, particularly
in informal settlements.

Productivity

Reduced types of income-generating activities result directly from water scarcity and
service interruptions. Both informal and formal livelihoods are affected, including
household chores, vegetable sales, and small businesses, which struggle without reli-
able, sufficient, and safe water supply. Plots or businesses fail to attract tenants or
customers. Restaurants, for example, require water for handwashing, and even water
sellers lose income when supply is unavailable. Flooding additionally disrupts liveli-
hoods, particularly in informal settlements, when local businesses are damaged or de-
stroyed. Relocations further interrupt income generation as people must abandon es-
tablished livelihood areas and networks, including business owners instructed to va-
cate drainage channels, raising concerns about where to relocate and how to sustain
their work.

Reduced ability to complete essential household chores directly limits daily function-
ing and indirectly constrains livelihoods through its health consequences. The availa-
bility and reliability of water supply determines whether household tasks can be com-
pleted at all and which activities must be prioritised. When water is scarce, especially
in households with children, residents are forced to ration limited supplies and skip
essential tasks such as laundry, bathing, or cleaning. Interruptions dictate when these
tasks can be carried out, disrupting daily routines and undermining household hygiene.
These disruptions not only affect immediate functioning but also elevate health risks
through impaired household hygiene, which in turn reduces time and capacity for in-
come-generating activities due to illness or caregiving demands. Participants across
settlements, ages, and genders emphasised that consistent water availability is critical
for maintaining hygiene, managing household responsibilities, and sustaining liveli-
hoods both within and outside the home.
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Reduced time for income-generating and educational activities due to water collec-
tion further limits productivity. Nighttime water collection disrupts sleep, contributing
to fatigue and oversleeping. Planning, securing, and treating water consumes addi-
tional time and energy, reducing opportunities for paid work, household tasks, or
school, disproportionally affecting women across settlement types. When paid work
is prioritised, households often incur additional financial costs buying expensive alter-
native water (e.g. bottled water or from vendors during supply interruptions) or relying
on borrowing from neighbours, highlighting trade-offs between income generation and
water access. Proximity to water sources can help manage time more effectively, re-
ducing stress, sleep disruption and fatigue. Time-related economic burdens of water
collection fall most heavily on financially vulnerable, informally employed, and caregiv-
ing households, particularly within informal settlements. Participants who rated water
collection time as more disruptive to household income tended to report lower overall
well-being and ability to concentrate across settlement types, further reducing ability
to work and work performance.

Reduced time for income-generating and educational activities due to health conse-
quences from unsafe water further limits productivity, while at the same time reducing
savings. Unsafe or insufficient water increases risks of dehydration, poor hygiene, and
waterborne disease, preventing attendance at work or school. Recovery from illness
and medical visits add additional time and financial costs, as does caring for sick
household members. Treating contaminated water to prevent iliness is time-consum-
ing, physically exhausting, and expensive. These health effects create a feedback loop
of reduced productivity and rising costs, further straining livelihoods.

Reduced time for income-generating and educational activities due to flooding simi-
larly disrupts daily routines and limits households’ ability to earn an income. Flooding
interferes with sleep, school attendance, and work by forcing households to focus on
immediate protection of property, particularly in informal settlements. Flooding also
prevents children from attending school across settlement types by restricting mobil-
ity, affecting long-term educational outcomes.

Impaired work and school performance due to sleep disruption arises from night-time
water collection or flooding, particularly affecting residents in informal, but also formal,
settlements. Resulting fatigue and mental strain reduce functioning at work or school.
Fetching water at night ensures water supply but compromises rest, while skipping
collection preserves sleep but limits essential activities. Across settlements and gen-
ders, younger residents described bathing as a coping mechanism to recover from fa-
tigue, but this is only possible when sufficient water is available.

Reduced work and school performance due to tasks becoming more time- and en-
ergy-consuming affects both businesses and household tasks. Businesses such as
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vegetable kiosks struggle to maintain hygiene when water availability and quality is
limited. Across settlement types, household chores become more time- and energy-
intensive, especially for women who bear primary responsibility for domestic tasks.
Unsafe water adds further burden due to time- and energy-consuming treatment. Lim-
ited and unreliable supply forces residents to adjust schedules, often completing laun-
dry and cleaning only on weekends when water is available. This creates stress, time
pressure, practical challenges, reduced cleaning outcomes, and additional costs when
hiring help. Adequate, reliable, and safe water allows chores to be completed regularly
and efficiently, reducing fatigue and time burden, and freeing time for income-generat-
ing activities or education. For residents working during the day, reliable water supply
ensures household tasks can be completed quickly upon returning home, lowering
stress and improving productivity.

Reduced daily energy is primarily observed in informal settlements, where household
water insecurity experiences (HWISE) affect women’s energy through reduced concen-
tration through supply interruptions and associated worries, disrupted hygiene and as-
sociated dignity concerns, nutritional constraints, and feelings of anger. No significant
associations were found between HWISE and daily energy for women in formal settle-
ments or for men in either settlement type. Sanitation-related experiences of disgust,
safety concerns, and shame were linked to lower daily energy among women in infor-
mal settlements, with no significant effects for women in formal settlements or men
in either settlement type. Flooding further reduces daily energy, with affected residents,
particularly in informal settlements, reporting lower energy than those unaffected.

Reduced concentration at work and school is driven by worry and stress associated
with water insecurity, sanitation challenges, and flooding. Across settlement types, res-
idents divert attention from work or education to securing water or managing future
supply. The effects of water insecurity and sanitation on concentration are highly gen-
dered, primarily affecting women. Among women in informal and formal settlements,
household water insecurity experiences (HWISE) were associated with reduced con-
centration through supply interruptions and associated worries, disrupted hygiene and
associated dignity concerns, nutritional constraints, and anger. Sanitation-related ex-
periences of disgust, disease, safety, and shame were linked to women's ability to con-
centrate in informal settlements, while in formal settlements, only disease-related san-
itation concerns were associated with concentration. Flooding also impairs concen-
tration, with flood-affected residents reporting lower concentration compared to those
unaffected, particularly in informal settlements. Worrying about flooding, expected
damage, or anticipated flood risk showed no significant association with concentra-
tion in either settlement type.
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9.2.3 Spatial distribution of compound challenges

This section builds on the qualitative insights from the focus group discussions and
the quantitative findings from the household survey, which together highlighted differ-
ences across settlement types, ages, and genders. By integrating these data with the
geographic locations (see Box 1), this discussion provides an exploratory spatial per-
spective. It highlights differences in variability and identifies where households experi-
ence multiple challenges, thereby illustrating the added value of mapping and suggest-
ing directions for future research (see Chapter 10).

Figure 9-1 illustrates the spatial distribution of household water insecurity experiences
(HWISE score; Young et al., 2019), sanitation-related quality of life (SanQoL index;
(Ross, Greco, Opondo, et al., 2022), flooding affectedness (whether a household has
previously experienced flooding) across survey respondents in both informal and for-
mal settlements, based on their household locations. These maps show within-settle-
ment variations across all indicators. This variability is particularly visible for water
insecurity experiences where a wide range of insecurity levels is distributed across all
areas of the settlements. Spatial distribution in sanitation-related quality of life result-
ing from SanQoL indices differ between settlement types. In the formal settlements,
the distribution is more homogeneous, whereas in the informal settlements a more
heterogeneous pattern emerges. Similarly with flood affectedness, in the formal set-
tlements, only a few households reported previous flood experiences, and these are
dispersed across the settlement. In contrast, the informal settlements show a highly
heterogeneous pattern, with some small clusters of affected households, for example,
in areas closer to rivers.

These spatial differences - within and across settlements - highlight the need for fur-
ther research. For instance, in-depth case studies could investigate how flood affected
households relate to spatial parameters like proximity, density, elevation, in relation to
spatial features like water bodies, roads, waste disposal sites. Incorporating these var-
iables may help better understand why some households experience flooding while
neighbouring households do not (Trento Oliveira, Kuffer, Belgiu, et al., 2024).

Understanding compound water and sanitation insecurity and flooding challenges re-
quires an investigation of how these challenges intersect at the household level. While
our previous analyses (see 9.2.1) highlighted these interactions using individual,
household, and collective data, adding a spatial perspective can reveal where these
vulnerabilities cluster and how they reinforce one another. This, in turn, informs inter-
vention panning.
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Figure 9-1: Spatial distribution of household water insecurity, sanitation-related Quality
of Life, and flooding experiences in informal and formal settlements, Nairobi, Kenya. Wa-
ter insecurity using HWISE scores (Young et al., 2019) range from 0 (water secure,
blue) to 36 (water insecure, dark orange), sanitation experiences captured
with SanQoL index (Ross et al., 2022) range from 0 (low/ no sanitation capability, dark
orange) to 1 (high/ full sanitation capability, green), and flood affected households re-
ported if they were exposed to floods: Yes’ (dark blue), ‘No’ (light blue), and ‘Mix’ (me-
dium blue) for areas with mixed responses, meaning within 10 sgm household experi-
ences were both "Yes" and "No".
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Figure 9-2: Distribution of compound challenges faced by households across informal
and formal settlements in Nairobi, Kenya. Each hexagon is 10 m?, representing the num-
ber of compound challenges faced by households located within that area. This map
combines three binary indicators: water insecurity (HWISE score = 12), poor sanitation-
related quality of life (SanQoL index < 0.667), and flooding experience (yes, no). Each
hexagon is assigned a value from 0 to 3 based on the number of challenges present
among the households within the 10 m? areas. A categorical colour scheme is used to
show the number of compound challenges, 0 (green) indicates 10 m? areas where no
challenges are present, 1 (light green) indicates one compound challenge, 2 (orange)
indicates two, and 3 (red) indicates 10 m? areas where all three challenges are present.

Formal settlements Informal settlements

— L BN 0 75 150m )
0 (none) 1 2 3 et 2

There are several ways to operationalise such compound mapping, ranging from sim-
ple to more advanced spatial methods. In this study, an exploratory approach was ap-
plied by classifying each challenge into binary categories and summing their occur-
rence at the household level, as shown in Figure 9-2. This approach provides an initial
indication of where challenges compound, revealing that overlapping vulnerabilities ap-
pear more frequently in the informal settlements.
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However, this method has limitations. Although the HWISE scale uses a validated
threshold for identifying water insecurity (see Section 3.4.2; Young et al.,, 2019), the
binary classifications applied to the other indicators are not theory-based and do not
fully reflect their complexity. In particular, SanQoL has no recommended thresholds,
implicating that categorisation used in this study is exploratory.

The exploratory categorisation as used in this study requires further testing and anal-
ysis. More sophisticated spatial techniques could be applied, such as weighted overlay
methods (Dossow et al., 2025; Malczewski, 2004). In this approach, each challenge is
classified into multiple categories and assigned a corresponding weight, with the
weighted layers combined to generate a composite map of overlapping challenges.
Such methods allow compound challenges to be explored in greater depth and could
also be linked to reported health, well-being, and productivity outcomes to provide fur-
ther insights into the impacts of multiple, intersecting household-level challenges.

9.3 Methodological discussions and limitations

This study provides a comparative analysis of water insecurity in Nairobi’s formal and
informal settlements, identifying the multifaceted factors contributing to water inse-
curity, residents’ perceptions. lived experiences and coping strategies.

Data collection combined focus group discussions (FGDs), choice experiments, and a
household survey, building on advantages of all methods. FGDs facilitated rich discus-
sion based on guiding questions (Hennink, 2013), capturing multiple perspectives, dy-
namics, and emotions and joint filling of knowledge gaps related to water insecurity
(Anthonj, Stanglow, et al., 2025), providing in-depth insights that complemented survey
data. FGD enabled us to achieve more in-depth findings than traditional interviews
alone would have yielded.

While acknowledging that some nuances may be lost in translation, a significant part
of the design and training for this study was dedicated to the piloting, improvement,
and (re-)translation of water insecurity and lived experiences concepts beyond tech-
nical and biomedical terminology in the multicultural context of Kenya — with the sup-
port of project partners and research assistants experienced in working in multicultural
contexts, within both formal and informal settlements.

Some FGDs may have exhibited typical group dynamics, such as dominant speakers
or distractions, which are inherent in this method, but these were mitigated through
careful moderation (Anthonj, Stanglow, et al., 2025). Building on lessons learnt from
previous research in the context water insecurity in Global South contexts and informal
settlements, we reduced social desirability, recall and reporting bias by triangulating
qualitative and quantitative data (Adams, 2018b, 2018a; Adams & Boateng, 2018).
While the focus group data were rich and deeply grounded in participants’ lived
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experiences, expectations of external aid or interventions may have influenced partic-
ipants to emphasise challenges more than existing community initiatives.

Water quality was assessed through user perceptions rather than direct measure-
ments, which may limit assessment of contamination levels but offers valuable insight
into how residents experience water safety and quality.

Choice experiments complemented insights from FGD and the household survey by
exploring the factors influencing residents' preferences for water supply interventions
in informal settlements, particularly whether their willingness to pay is driven by
productivity or health considerations. In collecting data directly from residents, it be-
came clear that obtaining water is not just a matter of preference but a daily effort that
shapes their routines, choices, and living conditions. We could not suggest that service
improvements would be available to them any time soon, yet their responses reflect a
clear expectation that access to safe and reliable water is fundamental to living with
dignity. The willingness to pay observed in our study should not be interpreted as read-
iness to take on higher costs, but as an indication of how essential water is for health,
security, and everyday life. The finding that residents exposed to health-framed infor-
mation were more supportive of water service upgrades highlights the importance of
how information is presented and which perceived benefits it may trigger.

While willingness to pay provides insights into residents’ valuation of improved water
services, it does not capture other forms of commitment or contribution that house-
holds may be willing to make. These may include participation in community monitor-
ing, reporting of leakages or contamination, cooperating with utilities on regularisation
efforts, or engaging in collective actions to support infrastructure maintenance. Such
non-monetary expressions of value may be especially relevant in settings where pay-
ments are already made informally or where social organisation substitutes for formal
service provision. Future research could explore how these forms of engagement
shape both the feasibility and sustainability of service improvement efforts.

A major focus of this study on water insecurity experiences is on comparative ele-
ments. To enable comparative analysis across settlements, genders, and age groups,
sampling included the involvement of Community Health Promoters at the village level,
which helped reduce mistrust and power imbalance between interviewers and partici-
pants while potentially introducing selection bias, where CHP might have led us to
households inhabited by people they know. Although the cross-sectional design re-
flects experiences at one point in time, discussions with participants of different ages
provided meaningful reflections on seasonal patterns and how water insecurity has
changed over time.

We sampled individuals and households from formal versus informal settlements
based on respondents’ place of residence (see 2.1). According to Chrispus & Shema
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(2025: 3), formal settlements refer to those settlements that comply with legal and reg-
ulatory frameworks, while informal settlements, commonly known as slums, arise with-
out official sanction and often lack basic services and infrastructure. While formal settle-
ments offer organized infrastructure and services, informal settlements are character-
ized by precarious living conditions and lack of basic amenities. UN-Habitat similarly
notes that the notion of “informal” is commonly defined in opposition to “formal” re-
quirements or processes, reinforcing a dichotomy that treats settlements as either for-
mal or informal. This binary framing, however, obscures the incremental and overlap-
ping nature of urban development and limits recognition of partial improvements or
hybrid forms that exist between the two (UN-Habitat, 2025). What we realised in the
course of our study, however, is that formal and informal cannot be seen as dichoto-
mous, as the distinction between the two can be blurry and overlapping (Dovey & Ka-
malipour, 2017). Formal, planned settlements may provide informal structures to their
inhabitants, and vice versa. While comparing the HRtW and residents’ lived experi-
ences across different types of settlements is novel, offers valuable insights, and was
beneficial for disentangling specific water insecurities, a clear separation simplifies the
situation. This fluidity also extends to the normative content of the HRtW, where the
dimensions are interdependent and overlapping. While classifying and comparing the
HRtW across settlements, ages, and genders proved analytically valuable for disentan-
gling specific water insecurities, such categorical distinctions inevitably simplify a
more complex and dynamic reality.
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10 Conclusions and Outlook

Urbanisation and informal settlements are rapidly increasing and expanding, particu-
larly in Sub-Saharan Africa, where water insecurity is widespread, and health-promot-
ing infrastructure, including safe drinking water, sanitation and hygiene (WASH) remain
insufficient and inadequate to prevent the exposure to, and spread of, water-related
infectious diseases. Global environmental change and resulting increased frequency,
intensity, and unpredictability of flooding turn informal settlements into risk traps,
where WASH infrastructure gets further compromised and disease risks, as well as
adverse effects on well-being and quality of life, social relationships and human-envi-
ronment interactions accelerate. Beyond health and well-being, water insecurity also
impedes development and productivity of a society, and limited financial resources for
water-related infrastructures and their resilience lead to further deficiencies, failures
and unpredictable futures. While the impact of water insecurity on health and wellbeing
is well-documented, a key question remains: What is the combined challenge of water
insecurity, well-being and productivity growth and possible solutions?

This study makes four main contributions to understanding and researching water
insecurity, well-being, and productivity growth in disadvantaged urban contexts. First,
based on lived experiences captured through mixed-method research involving ques-
tionnaire surveys, choice experiments, and focus group discussions, this is the first
systematic assessment and analysis of the normative content of the Human Rights to
Water and Sanitation (HRtWS) in informal settlements and with that, also the first sys-
tematic comparison of the realisation of the HRtWS in formal versus informal settle-
ments. Secondly, it identifies detailed links - including challenges and enablers - be-
tween water (in)security, human wellbeing, and productivity growth in urban popula-
tions of Nairobi, Kenya. Thirdly, it demonstrates methodological innovation, not only by
combining qualitative and quantitative methods to collect and combine individual and
collective, spatial and non-spatial data over an original research topic for the first time,
but also by applying for the first time the internationally validated Household Water
InSecurity Experiences (HWISE) scales and the Sanitation-related Quality of Life
(SanQol) index in combination with extensive other methods. Another methodological
contribution are the deep insights into lived experiences by residents of informal and
formal settlements in Nairobi, facilitated by our data analysis driven by qualitative re-
sults, and backed up by quantitative data — the opposite of what is often applied and
used in water insecurity research. Finally, the study offers valuable comparisons of
water (in)security, well-being, and productivity growth implications between types of
settlements (formal versus informal), and by gender (female versus male).

This points to the need to understand what counts for people: recording lived experi-
ences to capture the complexity of compound local challenges that matter to
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residents themselves, and amplify local voices and contextualised recommendations
to move towards targeted interventions to improve their situation.

This study exemplifies the multidimensional and intersectional challenges of realising
the Human Rights to Water and Sanitation (HRtWS) in formal and, particularly, infor-
mal settlements. Water insecurity, and with that, sanitation insecurity (Isunju et al.,
2011; McFarlane et al., 2014; Okurut et al., 2015) as well, are shaped by socio-economic
inequality, gendered labour and health and well-being burdens, reliance on informal,
makeshift services and unsafe alternatives to improved drinking water sources and
sanitation facilities, and political marginalisation (Adams, 2018a; Roaf et al., 2020; So-
cial Justice Centres Working Group, 2020; Adams et al., 2022). Addressing these ine-
qualities requires integrated approaches that combine infrastructure expansion, af-
fordability, social equity, and meaningful participation to protect health, dignity, and
equality for all residents. Moving toward the HRtWS demands inclusive water and san-
itation governance, co-production partnerships, adaptive planning, and procedural
freedoms that enable residents’ active participation in decision-making (Gimelli et al.,
2018; Rodrigues et al., 2024; Walnycki, 2015).

A major constraint to water security and well-being in informal settlements remains
land tenure, as residents often lack the proof of land ownership or authorisation nec-
essary for household tap and sewer connections. Institutional and financial barriers
also persist. The water providers’ mandate currently limits provision to cluster cham-
bers, leaving customers responsible for connections beyond this point. Expanding this
mandate, alongside greater financial resources could support more equitable service
delivery. Ultimately, implementing effective, equitable, and sustainable solutions re-
quires active engagement between water providers, government authorities, and com-
munities, alongside policy revisions to address structural barriers.

The challenges observed in the informal settlements included in this study are similar
to other informal settlements (Adams et al., 2022; Danti, 2018; Sarkar, 2020; Walnycki,
2015), and water and sanitation results from Nairobi informal slum settlements gen-
erated in this study can be generalised for settings sharing a similarly problematic
profile of drinking water and sanitation facilities/technologies. The observed link be-
tween sanitation affordability, quality etc., and water insecurity is common in other
slum settings too, where flooding compounds existing health and well-being risks in
addition. The specific focus of this study on formal and informal settlements presents
the water and health insecurity situation and performance at the lowest level which is
usually masked by regional or national estimates. In the informal settlements of this
study, 73.1% used basic drinking water services and 26.9% limited services. This sug-
gests that drinking water service levels in urban informal settlements are lower than
global estimates for Kenyan urban areas (88.9% used basic services in 2024) as re-
ported by the JMP (WHO & UNICEF, 2025) (Figure 4-1). According to the same source,
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Kenyan urban areas rank in the bottom 10 of cities in Sub-Saharan Africa in terms of
drinking water services. Only a few urban populations in East (Djibouti, Somalia, South
Sudan) and West Africa (Burkina Faso, Liberia, Niger) have lower basic service cover-
age than the case study settings of this study. Overall, these regional patterns highlight
key gaps in urban drinking water services relative to the SSA region (Figure 4-2). A
regional comparison of sanitation reveals similar patterns (WHO & UNICEF, 2025). In
the informal settlements of this study, the vast majority (81.5%) reported to use limited
service levels, which indicates that sanitation conditions in informal settlements are
notably worse than in formal ones, and considerably below urban and national aver-
ages for Kenya as reported by the JMP (Figure 7-1). Sanitation coverage in Kenya also
falls below regional averages of urban Sub-Saharan Africa (SSA), with Kenya ranking
amongst those SSA countries with the lowest coverage of safely managed sanitation
in urban areas, similar to Somalia, Ethiopia and Uganda in East Africa, and Mali, Togo
and Ghana in West Africa (Figure 7-2).

(Perceived) flood exposure, risk perception, worry, and expected damage are sub-
stantially higher in informal than in formal settlements, as is vulnerability, particularly
near the Nairobi River. Vulnerability is greatest among the most disadvantaged resi-
dents, those with low income, as well as female-headed households and women, and
those with low-quality housing. Infrastructure deficits, e.g. waste-blocked drainage
systems and resulting overflow, intensify vulnerability, as do institutional factors such
as unregulated land use and weak infrastructure governance. Flooding results in se-
vere impacts, economic, financial and emotional loss and damage, particularly in in-
formal settlements (Adams et al., 2022), exacerbating the already challenging living
conditions.

Limited drinking water and sanitation, and recurring flooding interact to create com-
pound challenges that form a cycle of environmental contamination, ill-health, poor
well-being, and reduced productivity, that further increase financial strain and vulnera-
bility to these challenges, particularly in informal settlements. Flooding exacerbates
sanitation and hygiene challenges, contributing to environmental contamination that
further degrades water quality and safety, resulting in infectious disease exposure,
deepening inequalities and exposing the most vulnerable residents, particularly
women and children, and those living in informal settlements (Fleming et al., 2019;
Kohlitz et al., 2025; Lebu, Gyimah, et al., 2024), to persistent and disproportionate harm,
creating a downward spiral of economic pressure and disadvantage. Flood mitigation
occurs at government (e.g. relocations and demolitions), community (collective envi-
ronmental clean-ups, deepening drains), and individual (e.g. avoidance of flood-prone
areas, stabilising walls with soil-filled sacks) levels, particularly in informal settle-
ments. Effective flood prevention relies on coordinated, proactive efforts across all
three levels.
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Women bear the greatest burden related to water insecurity and face the most exten-
sive impacts on their well-being, and productivity growth, particularly in informal set-
tlements (Adams et al., 2018; Cole et al., 2024; Dickin & Caretta, 2022; Harris et al.,
2017; Van Houweling, 2016). Women are forced to invest more time in securing water,
are exposed to higher safety risks, experience more extensive physical and emotional
strain, with their social networks more affected. A major concern to women and girls
in informal settlements are (un)availability challenges or sanitation, and reliance on
shared facilities and resulting open defecation — which entails major health risks and
well-being consequences (Chaplin, 2017; Corburn & Hildebrand, 2015; Kulkarni et al.,
2017; Vogel et al., 2022). Women also suffer more from flood exposure, worry, and
damage, with women and female-headed households being more vulnerable, and af-
fected the most. The combined effects of limited drinking water and sanitation, aggra-
vated by recurring flooding, exacerbate persistent challenges to health, well-being, and
productivity, deepening inequalities and exposing the most vulnerable residents, par-
ticularly women and children, and those living in informal settlements, to persistent
and disproportionate harm, creating a downward spiral of economic pressure and dis-
advantage. Thus, promoting gender-inclusive water governance that prioritises the ex-
periences and needs of the most vulnerable populations, is crucial.

While residents have developed various coping strategies, there remains a clear need
to improve access to sufficient, safe, affordable, and acceptable WASH infrastructure,
particularly for vulnerable residents, as extreme weather events, including flooding,
become more frequent. Expanding and upgrading the water distribution network to the
household or plot level would enhance accessibility, reduce contamination risks during
collection and transport, and give households greater flexibility in when they can fetch
water. Residents of informal settlements showed a consistent preference pattern for
improved water services, particularly when these improvements enhance water quality,
reliability, and formal connectivity to supply networks. Their willingness to pay for such
improvements is not merely a reflection of cost tolerance, but a signal of the essential
value they attach to safe and reliable water as a foundation for health, dignity, and daily
functioning. This nuance is critical for policy design, particularly in settings where in-
formal market conditions, variable pricing, and structural inequities shape residents’
daily experiences. Developing and implementing simplified sewer systems might offer
an opportunity to upgrade sanitation particularly in informal settlements, and real im-
provement can only be achieved if water supply is improved as well, as both are highly
interdependent, and closely intertwined. Achieving this requires continuous collabora-
tion between providers and communities in informal and formal settlements to co-de-
velop context-specific solutions that combine infrastructure improvements, behaviour-
change initiatives, awareness raising campaigns, (Mosbach et al., 2022) and participa-
tory, community-based water and sanitation governance. Leveraging local knowledge
and practices through inclusive policies can empower residents, especially vulnerable
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groups, to manage water resources, maintain water quality, upscale sanitation infra-
structure, promote healthy WASH-related behaviour, and sustain community-driven ac-
tions.

This study reinforces the critical importance of considering differences in water inse-
curity and implications for well-being and productivity growth between different
types of settlements. While water insecurity was omnipresent in all settlements in-
cluded in this research, residents of informal settlements faced the greatest chal-
lenges overall, also related to flooding, which underlines the need to target neighbour-
hoods as key sites for addressing water and health inequities. A neighbourhood-level
focus provides detailed insights into how environmental conditions influence resi-
dents’ well-being, capturing patterns and relationships that broader or narrower spatial
scales may overlook, and ultimately informing targeted, context-sensitive improve-
ments beyond “one-size fits-all” approaches (Huang et al., 2020). Water insecurity,
health and well-being are experienced differently across population groups and indi-
viduals, making it crucial for research and policy to consider these nuances to genu-
inely enhance aspects of the neighbourhood and settlement type that matter for water
insecurity experiences, well-being and quality of life related to sanitation of all resi-
dents (Margal et al., 2024; Wutich, 2025). Quantitative indicators (such as type of water
source used, sanitation facility, distance to sources) are widely applied in such assess-
ments, but perceptual aspects — such as lived experiences, emotions related to water
insecurity, social health implications, or adverse effects of flooding on well-being —
remain underexplored (Huang et al., 2020), particularly from the perspective of resi-
dents in informal settlements.

Making voices of disadvantaged groups heard is often complicated by their marginal
position in society (and even in their community) — whether due to social, economic,
health, or other vulnerabilities — which also makes them less likely or available to par-
ticipate and harder to reach through standard, single-method and “closed” approaches
such as surveys alone (Anthonj, Setty, et al., 2025). As a result, their perspectives are
frequently missing from research, and of bigger concern, left out of decisions to im-
prove their situation, despite being among those most affected by inequalities. Actively
involving disadvantaged groups in research is essential not only to avoid reinforcing
the perspectives of more advantaged populations, but also to generate findings that
are more relevant and empowering for all communities. Giving space to their concerns
makes their needs more visible to decision-makers, civil society, and the broader pub-
lic, ultimately contributing to improved living conditions and well-being for everyone
(Anthonj, Stanglow, et al., 2025; Foellmer et al., 2025; Perrenoud et al., 2023; Rojas-
Rozo et al., 2024). Previous research highlights the value of capturing bottom-up per-
spectives, capturing local priorities and needs by centring citizens’ lived experiences,
with residents playing an active role in shaping research. This points to the urgent need
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for research that builds on local knowledge to inform policy and enhance well-being
equitably (van Beek et al., 2025).

To effectively capture these diverse water insecurity, well-being and productivity chal-
lenges and needs, and to facilitate citizen empowerment, mixed-methods approaches
are indispensable (Foellmer et al., 2025). These bottom-up processes treat partici-
pants not merely as research subjects but as experts and partners in the research,
ensuring citizens have active and decisive roles, sharing power and control over deci-
sions, moving beyond mere consultation (Sollis et al., 2022). By combining different
approaches of data collection, mixed-methods approaches offer both flexibility and
complementarity, making it possible to meet people where they are, to engage popula-
tions who are typically overlooked and to capture dimensions of experience that a sin-
gle-method design would miss (Perrenoud et al., 2023). Importantly, in this study no
single method proved superior on its own. Rather, the strength lay in combining them,
with narratives focus group discussions and open-ended responses providing the
starting point, and quantitative data, and resulting mapping, serving to complement,
rather than driving, these narratives. Quantitative data captured water and sanitation
infrastructure details and insecurity experiences, as well as well-being and quality of
life related to sanitation, data on flooding and productivity growth across different set-
tlement types and population groups (male versus female), spatial data identified spe-
cific locations of water and sanitation facilities, and focus group discussions provided
context, motivations, and suggestions for improvement, together offering a compre-
hensive understanding of the single and compound challenges residents are facing
across settlement types, and how they propose to address them.

The presence of both observed variation and unobserved variation in preferences for
the improved piping, as well as water quality and pressure suggests that resident pref-
erences are shaped not only by socioeconomic differences but also by deeper experi-
ential and perceptual dimensions, such as long-term exposure to service inadequacy.

The insights gained from this study’s mixed-methods approach align with earlier re-
search on disadvantaged populations, underscoring both the opportunities such de-
signs offer and the challenges involved in reaching these groups (Foellmer et al.,
2025). Effective mixed-methods research with disadvantaged populations requires
thorough groundwork, careful tool development, familiarisation with the local con-
text, and significant investment in trust-building prior to data collection. This trust can
be fostered through sustained presence, recognising participants as local experts, in-
volving them in the research process through design, implementation, reporting and
debriefing, and maintaining mutual respect, ultimately empowering participants and
ensuring their voices are heard by decision-makers. Mixed-methods approaches not
only deepen analysis and increase engagement by accommodating diverse participant
preferences, but also expand the ways findings can be communicated by combining
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complementary forms of storytelling ( Anthonj, Setty, et al., 2025; Anthonj, Stanglow, et
al., 2025; Stewart et al., 2008; van Beek et al., 2025). Despite the considerable time and
effort required, investing in mixed-methods research with disadvantaged populations
is highly valuable, helping overcome the common tendency to conduct research about
disadvantaged groups, which often relies on administrative data and risks misunder-
standing the complex realities these populations face (Anthonj, Stanglow, et al., 2025).

By grounding its methodology in the lived experiences across different settlement
types and utilising mixed-methods, this research offers crucial insights that can inform
more equitable, effective, and empowering water security interventions.

With urbanisation and informal settlements increasing particularly in Sub-Saharan
Africa, and global environmental change and increased risk of flooding turning infor-
mal settlements into health risk traps, addressing the combined challenge of water
insecurity, well-being and productivity growth to better understand not only the chal-
lenges, but also identify possible solutions and reverting the downward spiral, will be
even more important moving forward.

In this context, several important areas remain to be explored.

Future studies could expand comparative analyses to additional formal and informal
settlements in Nairobi (Kasper et al., 2025), as well as across regional and cultural
contexts, including mixed or gradient settlement types. While our findings from
Korogocho are largely transferable to other Nairobi informal settlements with similar
NCWSC infrastructure, Korogocho benefits from a relatively improved water supply
compared to the most deprived slums, where households rely more heavily on kiosks
and communal points rather than in-dwelling or yard connections. Similarly, findings
from our formal settlements (Jericho and Harambee) are generalisable to other areas
served by NCWSC infrastructure but may differ from more affluent estates. Spatial
analyses of compound challenges - including flooding, WASH infrastructure and their
resilience to climate change, and the intersecting effects on well-being and productiv-
ity — remain underexplored, with services still insufficiently prepared to withstand cli-
mate-related impacts (Sharma et al., 2025). Incorporating spatial analyses and models
(Trento Oliveira, Kuffer, Belgiu, et al., 2024; Trento Oliveira, Kuffer, Dijkstra, et al., 2024)
could help reveal inequities in WASH access, and flood vulnerability and impact within
and across settlements, pinpointing populations most in need of targeted support
(Kim et al., 2022).

Participatory methods, such as go-along interviews, in-depth interviews, photovoice, or
co-design workshops, are needed to engage residents, particularly vulnerable and mar-
ginalised groups, in co-producing knowledge and identifying practical solutions (Ad-
ams et al., 2022; Corburn & Karanja, 2016; Karuga et al., 2023; Saunders et al., 2016).
Locally grounded, participatory approaches can also improve flood modelling by
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identifying overlooked exposures and vulnerabilities at the local scale and strengthen-
ing community-led resilience efforts (Trento Oliveira, Kuffer, Belgiu, et al., 2024).

Awareness raising campaigns on hygiene, safe water handling, and safe distribution
practices are recommended to improve water quality and build community trust in in-
formal water systems. Complementary studies on risk perception, water-handling be-
haviours, sanitary hygiene, and the effectiveness of awareness-raising campaigns can
support interventions that address both contamination risks and social practices.
These efforts should also be expanded to include flood risk awareness, jointly identi-
fying local flood vulnerabilities, and co-developing preparedness strategies with resi-
dents (Trento Oliveira, Kuffer, Belgiu, et al., 2024). At the institutional level, strengthen-
ing local governments through training, resources, and adaptive planning frameworks
will enhance their ability to respond to immediate hazards while simultaneously pre-
paring for and adapting to longer-term climate pressures (Sharma et al., 2025).

Future research could examine how trust in service providers is built and sustained,
and what role trust plays in residents’ willingness to support or engage with improve-
ments to water services. Residents’ preferences are not shaped by service attributes
alone, but also by their perceived relationship with the provider, their sense of being
seen and respected, and their belief that the service is reliable, fair, and meant for them.
In informal settlements, where water provision is often fragmented, informal, or unreg-
ulated, trust is not just about technical reliability but about recognition, dignity, and
inclusion. Understanding what signals fairness, accountability, and mutual respect —
from affordability and transparency to consistent quality and communication — can
help identify ways to build trust that go beyond infrastructure alone. These trust-build-
ing elements may be critical for moving towards more equitable, safe, resilient, and
health-supportive urban environments for all.

This study has shown how water insecurity, inadequate sanitation, and recurrent flood-
ing interact to create a downward spiral of environmental contamination, ill-health, and
economic strain, particularly in informal settlements. Future research should therefore
explore how an upward spiral of resilience and improved WASH, health, well-being, and
productivity growth can be supported.

A first priority is to examine the adaptability of WASH systems to changing climate
conditions. Strengthening climate-resilient WASH governance can improve service re-
liability, reduce vulnerability, and increase resilience among urban poor populations
(Fleming et al., 2019; Sharma et al., 2025). Research should also investigate how co-
designed, multi-actor interventions — combining government action, community organ-
isations, NGOs, and residents — can reinforce resilience at both settlement and house-
hold levels through combining large-scale infrastructure interventions with small-scale
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grassroot efforts that promote short-term relief and long-term resilience (Sharma et
al., 2025).

Further work is needed on how local governments can enhance resilience through in-
frastructure upgrades, including drainage, water supply, and sanitation, especially in
flood-prone areas, supported by nature-based solutions. Understanding the govern-
ance and financial mechanisms that enable such adaptive planning will be key
(Sharma et al., 2025).
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Glossary

Drinking water

Drinking water services refer to “the accessibility, availability and quality of the main
source used by households for drinking, cooking, personal hygiene and other domestic
uses.” (WHO & UNICEF, n.d.-a).

The JMP service ladder for drinking water: The Joint Monitoring Programme on Water
and Sanitation (JMP) classifies drinking water sources, sanitation, and hygiene facili-
ties into standardised categories to enable consistent global monitoring and compar-
ison across countries, urban and rural contexts, and over time. Drinking water sources
are divided into improved and unimproved. Improved drinking water sources are those
designed and constructed in a way that can provide safe water. Examples of improved
sources include piped water into a dwelling, yard, or plot, boreholes or tubewells, pro-
tected dug wells and springs, rainwater, and packaged or delivered water. Populations
using improved sources are further grouped according to service level. A safely man-
aged drinking water service is one where the source is on the household premises,
available when needed, and free from contamination. If an improved source meets
fewer criteria but the round-trip collection time is 30 minutes or less, it is classified as
a basic service. Collection times exceeding 30 minutes are considered a limited ser-
vice. In contrast, unimproved sources include unprotected wells or springs, as well as
surface water collected directly from rivers, dams, lakes, streams or irrigation canals
(WHO & UNICEF, n.d.-a).

Service level Definition

Drinking water from an improved source that is accessi-

SEVCIWANERELI ble on premises, available when needed and free from
faecal and priority chemical contamination

Basic service

Drinking water from an improved source, for which col-
Limited service lection time exceeds 30 minutes for a round trip, includ-
ing queuing

Drinking water from an unprotected dug well or
unprotected spring

Drinking water directly from a river, dam, lake, pond,
stream, canal or irrigation canal

Unimproved

Surface water
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Definitions of improved sources of drinking water (UNICEF & WHO, 2018)

Piped into dwelling: “also called a ‘household connection’, is a piped water supply con-
nected with in-house plumbing to one or more taps (for example in the kitchen or bath-
room)”

Piped into compound, yard or plot: “also called a ‘yard tap’, is a piped water supply
connected to a tap in the compound, yard or plot outside the house”

Piped to neighbour: “refers to a household obtaining drinking water from a neighbour’s
piped water supply (household connection or yard tap).”

Public tap or standpipe: “also known as a public fountain, is a public water point from
which people can collect water.”

Borehole or tubewell: “is a deep hole that has been driven, bored or drilled, in order to
reach groundwater. Boreholes/tubewells are constructed with casing, or pipes, which
prevent the small diameter hole from caving in and protect the water source from infil-
tration by run-off water. Water is delivered through a pump which may be powered by
human, animal, wind, electric, diesel or solar means.”

Protected well: “is a dug well that is protected from runoff water by a well lining or
casing that is raised above ground level to form a headwall and an apron that diverts
spilled water away from the well. A protected well is also covered so that contaminated
materials (including bird droppings and small animals) cannot enter the well. Water is
delivered through a pump or manual lifting device.”

Protected spring: “is a natural spring protected by a “spring box”, made of brick, ma-
sonry, or concrete, that is built around the spring so that water flows directly out of the
box into a pipe or cistern, without being exposed to runoff or other sources of contam-
ination.”

Rainwater collection: “refers to a system whereby rain is collected or harvested from
large surfaces (by roof or ground catchment) and stored in a container, tank or cistern
until used.”

Tanker-truck: “refers to water sold or distributed by a provider who transports large
quantities of water into a community using a motorized truck with a tank.”

Cart with small tank/drum: “refers to water sold or distributed by a provider who trans-
ports a tank or drum with small quantities of water into a community using donkey
carts, small motorized vehicles and other means.”

Water kiosk: “refers to a water point from which water is sold in small quantities.
Households typically bring their own containers to be filled.”

Bottled water: “is sold by commercial providers in small or large bottles or refillable
containers. This does not include water from other sources stored in plastic bottles.”
Sachet water: “is similar to bottled water but is packaged in a plastic bag rather than
a bottle”
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Definitions of unimproved sources of drinking water (UNICEF & WHO, 2018: 9)

Unprotected well: “is a dug well that lacks any of the following: a lining or casing that
is raised above ground level to form a headwall; an apron that diverts spilled water
away from the well; a cover which prevents contaminated materials (including bird
droppings and small animals) from entering the well; or a pump or manual lifting de-
vice.”

Unprotected spring: “is a natural spring that lacks a “spring box” to protect against run
off and other sources of contamination (including bird droppings and animals).”
Surface water: “refers to open water sources located above ground including rivers,
reservoirs, lakes, ponds, streams, canals, and irrigation channels.”

Sanitation

Sanitation services “refer to the management of excreta from the facilities used by
individuals, through emptying and transport of excreta for treatment and eventual dis-
charge or reuse” (WHO & UNICEF, n.d.-c).

The JMP ladder for sanitation describes different levels of sanitation based on how
safely excreta are managed and whether facilities are shared, based on the improved
versus unimproved classification. Improved sanitation facilities are those built to
safely keep human waste separate from people, minimising the risk of contact. Exam-
ples include flush or pour-flush toilets connected to sewers, septic tanks, or pit latrines
with slabs, ventilated pit latrines, and composting toilets. Improved facilities are further
divided into three service levels. A safely managed sanitation service is one where peo-
ple use improved facilities that are not shared with other households and where ex-
creta are either safely treated and disposed of on-site, temporarily stored and then
treated off-site, or transported through a sewer with wastewater and treated off-site.
If excreta from improved facilities are not safely managed, the sanitation service is
considered basic, provided the facility is still not shared with other households. When
improved facilities are shared between households, the service is classified as limited.
Unimproved facilities include pit latrines without slabs, hanging latrines, or bucket la-
trines. Disposal of faeces in open spaces or water bodies is considered as open defe-
cation (WHO & UNICEF, n.d.-c).

Service level Definition

Use of improved facilities that are not shared with other

SEVCIWANELEI households and where excreta are safely disposed of in
situ or removed and treated off-site

Basic service
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Use of improved facilities that are shared with

other households

Use of pit latrines without a slab or platform, hanging la-
trines or bucket latrines

Disposal of human faeces in fields, forests, bushes,
Open defecation | open bodies of water, beaches or other open places, or
with solid waste

Limited service

Unimproved

Definitions of improved sanitation facilities (UNICEF & WHO, 2018: 12)

Flush/pour-flush toilet: “a flush toilet has a cistern or holding tank to store water for
flushing and has a water seal (which is a U-shaped pipe below the seat or squatting
pan) to prevent the passage of flies and odours. A pour-flush toilet also has a water
seal but has no cistern and water is poured by hand for flushing.”

Flush to piped sewer system: “is a toilet that flushes excreta to a system of sewer
pipes, also called sewerage, which is designed to collect human excreta (faeces and
urine) and wastewater and remove them from the household environment. « Flush to
septic tank: is a toilet that flushes excreta to a water-tight container, normally buried
underground away from the dwelling, designed to separate liquids from solids which
are then allowed to settle and decompose.”

Flush to pit latrine: “is a toilet that flushes excreta to a covered pit which retains sol-
ids. The base and sides of latrine pits may be permeable to allow liquids to percolate
into the soil.”

Pit latrine with slab: “is a dry sanitation system that collects excreta in a pit in the
ground. The pit is covered by a squatting ‘slab’ or platform that is constructed from
materials that are durable and easy to clean. The ‘slab’ has a small drop hole, or is fit-
ted with a seat, allowing excreta to be deposited directly into the pit.”

Composting toilet: “is a dry toilet into which carbon-rich material (vegetable wastes,
straw, grass, sawdust, ash) is added to the excreta and special conditions maintained
to produce inoffensive compost. A composting latrine may or may not have a urine
separation device.”

Twin pit latrine with slab: “refers to a system where households use a second pit
when the first one fills up and is designed to ensure that excreta are treated in situ for
a sufficient amount of time before the wastes are evacuated safely. Twin pit latrines
can be dry (double VIP, fossa alterna) or wet (offset pits connected to pour flush toi-
lets).”
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Container based sanitation: “refers to a system where toilets collect excreta directly
in sealable, removable containers (also called cartridges) which are regularly col-
lected by commercial service providers and delivered to treatment.”

Flush/pour flush to don't know where: “indicates that the household uses an im-
proved sanitation facility, but does not know whether it flushes to a sewer, septic tank
or pit latrine.”

Definitions of unimproved sanitation facilities (UNICEF & WHO, 2018: 12)

Flush/pour flush to open drain: “refers to households using toilets that discharge into
uncovered drains which do not effectively contain excreta thereby exposing the com-
munity to faecal pathogens.”

Pit latrine without slab/open pit: “is a dry sanitation system that uses a pit in the
ground for excreta collection and does not have a squatting slab, platform or seat. An
open pit is a rudimentary hole in the ground where excreta is collected.”

Bucket: “refers to the use of a bucket or other container for the retention of faeces
(and sometimes urine and anal cleaning material), which are periodically removed for
treatment, disposal, or use as fertilizer.”

Hanging toilet/hanging latrine: “is a toilet built over the sea, a river, or other body of
water, into which excreta drops directly.”

No facility/bush/field: “includes defecation in the bush or field or ditch; excreta de-
posited on the ground and covered with a layer of earth (cat method); excreta
wrapped and thrown into garbage; and defecation into surface water (drainage chan-
nel, beach, river, stream or sea).”

Hygiene

Hygiene “refers to the conditions and practices that help maintain health and prevent
spread of disease including handwashing, food hygiene, and menstrual hygiene man-
agement” (WHO & UNICEF, n.d.-b)

The JMP service ladder for hygiene: The presence of a handwashing facility with soap
and water at home has been established as the main indicator for monitoring hygiene
globally. Households with such a facility available on their premises are considered to
have a basic hygiene service. If a household has a handwashing facility but lacks either
soap or water, it is classified as having a limited service. Households without any hand-
washing facility are categorised as having no service. These are counted under limited
hygiene service as they are less effective than soup. Handwashing facilities can be
fixed or mobile, including sinks with taps, buckets with taps, tippy-taps, or jugs and
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basins designated for handwashing. Soap includes bar or liquid soap, powder deter-
gent, or soapy water. In some cultural contexts, alternative materials such as ash, soil,
or sand are used for handwashing (WHO & UNICEF, n.d.-b).

Service level Definition

Availability of a handwashing facility with soap and wa-

Basic service

ter at home
Availability of a handwashing facility lacking soap
and/or water at home

Limited service

No service No handwashing facility at home
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Appendix

A1 Research design

A1.1 Focus group discussion guide

Objective Discussion points

Water supply and | 1. Describe water supply in this community? Probe on water

quality sources, frequency of supply.

2. Describe the quality of supplied water in the community?
Probe on quality of different sources, seasons e.g. dry and
wet seasons.

3. What water supply and quality challenges have you experi-

enced?

Flood risk percep- | 4. How often have you experienced flooding in this commu-

tions nity?
If flooding occurred, what factors contributed to the flood-
ing? Probe for geographical/landscape factors, housing
plans, precipitation levels, drainage issues.
If flooding has not occurred, what factors contributed?
Probe for geographical/landscape factors, housing plans,
precipitation levels, drainage issues.

5. What is the risk of similar flood events occurring within this

community in the future?

Flood protection 6. What flood protection measures have been put in place?
measures How effective have these measures being?

Probe at household, community, and government levels.
7. What urgent protection measures need to be put in place?

Probe at household, community, and government levels.
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Effect of water in-
security on human
health

8. Considering water supply and quality, increased water de-
mand, and flooding events, have these affected your well-
being? If yes, in what ways?

Probe effect on physical, financial, social, and natural ef-
fects.

9. When you experienced water insecurity, what did you do dif-
ferently, if anything, and how did it help? Will this action re-
duce the likelihood of warrying about water in the future,

and why?

Enablers and barri-
ers to sustainable

well-being

10.Have aspects of water supply and quality contributed to
sustainable well-being? If yes, in what ways? Probe on
productivity growth?

11.Have flood protection measures contributed to sustainable
well-being? If yes, in what ways? Probe on productivity
growth?

12.Have aspects of water supply and quality hindered sustain-
able well-being? If yes, in what ways? Probe on productivity
growth?

13.Have flood events hindered sustainable well-being? If yes, in

what ways? Probe on productivity growth?
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A1.2 Household survey

Please confirm that you have obtained
written consent from the adult partici-
pant (78 or older) and that you have
given them a copy of the information
sheet and signed consent form

a) Yes
b) No

Date and time

Name of site/village

a) Korogocho
b) Jericho

Field Staff Name

Respondent unique ID:

[autogenerated]

1. Demographic characteristics

1.1 Are you [the respondent] the head
of household

a) Yes [skipto 1.2]
b) No

1.1.1 What is your relationship with the
household head

a) Spouse

b) Son

c) Daughter

d) Extended relative
e) House assistant
f) Other

1.2 What is the sex of the household
head

a) Male

b) Female

c) Prefer not to say.
d) Other

1.3 What is the age of household head

Open response

1.4What is your current marital status?
[skip if 1.1.1 is a)

a) Single

b) In arelationship
c) Married

d) Separated

e) Divorced

f) Widowed

g) Other

1.5How long has your household been
living here (in the same house)?

a) Year(s):
b) Month(s):
c) Don't know

d) Decline
1.6 How many people currently reside Max of 12
in your household, including you?
1.7 Do you have household members a) Yes
under 18? b) No [skipto 1.8]
1.7.1 If yes, how many? Max of 12
1.8 Do you have household members a) Yes
over 60, including you? b) No
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1.9 Is there anyone in the household liv- | a) Yes

ing with disability? b) No
1.10 What is the household head’s high- | a) Not attended school Skip to 2
est level of education attended? b) Basic primary education

c) Secondary education/O levels
d) Vocational training
e) College/University

1.10.7 No of years completed Max of 8

2. Subjective Well-Being - Human capital

Personal Wellbeing tool - Adult

“l am now going to ask how satisfied you
feel, on a scale from zero to 10. (On this
scale,) Zero means you feel no satisfac-
tion at all. 10 means you feel completely
satisfied.”

“Would you like me to go over this again
for you?”

[If “yes”, repeat the above.

If “no”, proceed to next statement]

“In that case, I will start by asking how
satisfied you are with life. S0,

2.1 Thinking about your own life and No satisfaction at all (0) - Com-
personal circumstances, how satisfied | pletely satisfied (10)
are you with your life as a whole?

2.1.1 What aspects make your life sat- | Open Question
isfying at the moment?

2.1.2 What would make your life more Open Question
satisfying in the next 5-10 years?

2.2 How satisfied are you with your
standard of living? (PWI E1)

2.3 How satisfied are you with your
health? (PWI E2)

2.4 How satisfied are you with what you
are achieving in life? (PWI E3)

2.5 How satisfied are you with your per-
sonal relationships? (PWI E4)

2.6 How satisfied are you with how safe | No satisfaction at all (0) — Com-
you feel? (PWI E5) pletely satisfied (10)

2.7 How satisfied are you with feeling
part of your community? (PWI E6)

2.8 How satisfied are you with your fu-
ture security? (PWI E7)

2.9 How satisfied are you with the
quality of your local environment such
as access to green space, and air or
water quality? (PWI E9)
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3. WHO QOL BREF (selection)

3.1 In the last 4 weeks, how well were
you able to concentrate?

3.2 In the last 4 weeks, did you have
enough energy for everyday life?

a) Not at all

b) Alittle

c) A moderate amount
d) Very much

e) Extremely

3.10 How many days in the past 4
weeks have you or anyone in your

household not been able to do what he/
she normally does because of illness or

injury

Max 28

4. Physical capital

4.1 What is your present occupancy
status

a) Owner and fully paid off

b) Owner but not yet paid off

c) Renter

d) Provided free of charge by em-
ployer/relative

e) Living rent-free

f) Other (specify)

g) Don't know

h) Prefer not to answer

4.2 Enumerator: Observe the mate
rials used for the walls and roof in
the house and check all that apply

Walls

Roof

a) Bricks

b) Wood

c) Concrete/ cement block
d) Tiles

e) Corrugated iron/ zinc

f) Plastic/ marquee material/ cloth
g) Cardboard

h) Mud and cement mix

i) Mud/ clay

j) Wattle and daub

k) Others (specify)

4.3 Observe: In what conditions are the

walls and the roof of the main dwelling?

Walls

Roof

a) Very weak (> 10 cracks/ defects)

b) Weak (3-9 cracks/ defects)

c) Need minor repairs (1-2 cracks/
defects)

d) Good (superficial cracks/ defects)

e) Very good (no cracks/ defects)

5. Financial capital

5.1 What are the current sources of
monthly income for the household
members? (multiple responses

a) NoIncome
b) Formally employed
c) Informally employed
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possible)

d) Own Business (Merchant/Trader)

e) Petty Trading E.g. Hawking

f) Casual Labour

g) Other (Specify)

h) Remittances (money received
from people living elsewhere)

5.2 How well would you say your house-
hold is managing financially at the mo-
ment?

a) Living comfortably

b) Doing alright

c) Just about getting by
d) Finding it quite difficult
e) Finding it very difficult
f) Prefer not to say

5.3 In the last 4 weeks, have you experi-
enced any difficulties paying for the fol-
lowing? (multiple responses possible)

Yes No

a) Food

b) Water

c) Transport

d) Education expenses
e) Health

f) Housing rent, if any
g) Debts

h) Entertainment

i) Clothes

5.4 In times of financial hardship, what
are your coping strategies (tick all that

apply)?

a) | am spending less on non-essen-
tials (e.g. entertainment).

b) 1am using less fuel such as gas or
electricity in my home.

c) |l am spending less on food and
essentials.

d) | skip meals.

e) luse less water.

f) 1am using my savings.

g) |am using credit more than usual.

h) | borrow money from social
group/ neighbor/ relative.

i) | borrow money from the bank.

j) 1borrow money from a private
money lender.

k) 1work extra hours.

) Other (specify)

6. Natural capital

6.1 How important do you consider the
following environmental resources for
your household's well-being and for se-
curing your household's income/
productivity?

Not at all important (0) - highly im-
portant(10)

a) Good air quality

b) Good sanitation provision

c) Water availability (quantity)

d) Water quality (safety)

Page 250 of 261

WISER - 101094546
D4.3 -The effect of water (in)security on perceived well-being and productivity
growth. The case of African cities.



e) Water affordability

f) Adequate energy supply

g) Low levels of noise (e.g. traffic)

h) Housing conditions

i) Waste collection

j) Storm/ surface drainage that work

k) Cool spaces available during heat
waves

) Shelter available during floods

m) Availability of green space for rec-
reation

n) Availability of blue space for recre-
ation

o) Affordable health care and emer-
gency services

6.2 How important are the following Not at all important (0) — highly im-

features of urban nature to you? portant(10)

a) Urban nature offers shade and
cooling in the summer

b) Urban nature is a natural filter for
C02 and air pollutants

c) Urban nature offers space for
greater biodiversity in the city

d) Urban nature decreases urban
noise

e) Urban nature is a part of urban
water management system (to
manage ground water levels,
floods and droughts)

f) Urban nature is a recreation and
revitalisation space

g) Urban nature is of cultural value to
me, it is part of my city’s identity
and image

h) Urban nature is of aesthetic value
(beauty)

i) Urban nature is a meeting place

j) Urban nature is a place of retreat,
being part of nature

k) Stewardship (care and protection)
towards urban nature

7. Water security

7.1 What is your main drinking water a) Piped into dwelling, yard or plot
source? b) Piped to neighbor

c) Public tap / standpipe

d) Water kiosk
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e) Borehole, protected well or spring

f) Unprotected well or spring

g) Delivered water from tanker truck

h) Delivered water from cart with
small tank/drum

i) Surface water (river, stream)
Collected rain water

7.2 How far is the water source from
the dwelling or yard (200m is equal to
the length of two football/ soccer
fields)?

a) Water source is in dwelling
b) Less than 50m

c) 50-100m

d) 100-300m

e) More than 300m

j) Don't know

7.3 Who usually collects water?

a) Adult male
b) Adult female
c) Child male
d) Child female
f) Non relative

7.3.1 How long does it usually take [7.3]
to go collect water from that source
and come back?

a) Time estimated in minutes:

b) Members don't collect [skip to 7.5]
c) Don't know

d) Prefer not to say

7.4 How often does your household
usually fetch water from that source
and come back?

a) Provide option to input time per
day/ week

b) Don't know

c) Prefer not to say

7.5 To what extent has the time spent
fetching water prevented anyone in
your household from earning money?

7.6 To what extent has the time spent
fetching water prevented anyone in
your household from attending school?

Not at all (0) - highly disruptive (10)

7.7 Do you or any other household
members usually do anything to this
water to make it safer to drink?

a) Yes
b) No [skip to 7.7.2]

7.7.1 What do you usually do to the wa-
ter to make it safer to drink?

a) Boail

b) Add bleach / chlorine

c) Strain/Filter it through a cloth
d) Use water filter (ceramic etc)
e) Solar disinfection

f) Let it stand and settle

g) Other (specify)

c) Don't know

7.7.2 Why not?

Open response

8. Household Water Insecurity Experi-
ence tool
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Note to interviewer: Each item is phrased
to capture experiences that anyone in
the household has had in the last four
weeks.

“Now I'm going to ask you about your
own personal experiences with water.
For each of the items, please

indicate how many times within the past
4 weeks or 30 days”

8.1 [Worry] In the last 4 weeks, how fre-
quently did you or anyone in your
household worry you would not have
enough water for all of your household
needs?

Probing details

Your household needs could include
washing clothes, bathing yourself and/or

your children, washing dishes and uten- a) Never (0 tlmgs)
; : - .| b) Rarely (1-2 times)
sils, cleaning your home, or other activi- . .
) " c) Sometimes (3—-10 times)
ties that require water. .
d) Often (11-20 times)
8.2 [Interrupt] In the last 4 weeks, how .
. e) Always (More than 20 times)
frequently has your main water source
been interrupted or limited?
Probing details
eg. turned off by the government or com-
pany, water pressure, less water than ex-
pected, issues with the supply or sup-
plier, a storage tank no longer containing
water, river dried up
8.2.3 What was the reason that you a) Supply interruption
were unable to access water in suffi- b) Source not accessible
cient quantities when needed? c) Water too expensive
d) Time needed to collect water
e) Other (specify)
f) Don’t know
a) Prefer not to answer
8.3 [Clothes] In the last 4 weeks, how
frequently have problems with water
meant that clothes could not be .
a) Never (0 times)
washed? b) Rarely (1-2 times)
8.4 [Plans] In the last 4 weeks, how fre- Y .
. c) Sometimes (3—-10 times)
quently have you or anyone in your d) Often (11-20 times)
household had to change schedules or &) Always (More than 20 times)

plans due to problems with your water
situation?
Probing details
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Activities that may have been interrupted
include caring for others, doing house-
hold chores, agricultural work, income-
generating activities, sleeping, etc.

8.5 [Food] In the last 4 weeks, how fre-
quently have you or anyone in your
household had to change what was be-
ing eaten because there were problems
with water (e.g., for washing foods,
cooking, etc.)

8.6 [Hands] In the last 4 weeks, how fre-
quently have you or anyone in your
household had to go without washing
hands after dirty activities (e.g., defe-
cating or changing diapers, cleaning an-
imal dung) because of problems with
water?

8.7 [Body] In the last 4 weeks, how fre-
quently have you or anyone in your
household had to go without washing
their body because of problems with
water (e.g., not enough water, dirty, un-
safe)?

8.8 [Drink] In the last 4 weeks, how fre-
quently has there not been as much wa-
ter to drink as you would like for you or
anyone in your household?

8.9 [Angry] In the last 4 weeks, how fre-
quently did you or anyone in your
household feel angry about your water
situation?

Probing tip

By your water situation, we mean how
you get water, not having enough water,
not having enough of the kinds of water
you prefer, being worried about the qual-
ity of your water, water issues affecting
your life and schedule, and anything else
related to getting and using water that
may cause you to feel angry.

8.10 [Sleep] In the last 4 weeks, how
frequently have you or anyone in your
household gone to sleep thirsty be-
cause there wasn't any water to drink?

8.11 [None] In the last 4 weeks, how fre-
quently has there been no usable or
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drinkable water whatsoever in your
household?

8.12 [Shame] In the last 4 weeks, how
frequently have problems with water
caused you or anyone in your house-
hold to feel ashamed/excluded/stigma-
tized?

This could include not being able to pro-
vide visitors with water if they stop by
your home or feeling unclean due to lack
of water.

9. Sanitation

9.1 What kind of toilet facility do mem-
bers of your household usually use?

a) Flush to Septic Tank

b) Flush to Pit (Latrine)/Drum

c) Flush To Piped Sewer System

d) Flush to open drain

e) Pit Latrine with Slab

f) Pit Latrine without Slab/Open Pit

g) Ventilated Improved Pit Latrine
(VIP)

h) Composting Toilet

i) Bucket

j) Hanging Toilet / Hanging Latrine

k) No Facilities (Bush or Field)

) Decline to State

m) Flush to don't know where

9.1.2 Do you share this facility with oth-
ers who are not members of your
household?

a) No, Private facility

b) Yes, Shared with compound
households

c) Shared with the general public

d) Don't know

9.2Sanitation-related quality of life
The following questions are about your
sanitation experiences in the past 30
days, meaning defecation, urination,
and anything else you do in a toilet.

9.2.1 [Disgust] How often do you feel
disgusted while using the toilet?

9.2.2 [Disease] How often do you worry
that the toilet spreads diseases?

9.2.3 [Privacy] How often do you worry
about being seen while using the toilet?

9.2.4 [Shame] How often do you feel
ashamed about using the toilet?

9.2.5 [Safety] How often do you feel un-
safe while using the toilet?

a) Always
b) Sometimes
c) Never
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10. Social capital

10.1 How would you rate the commu-
nity spirit (togetherness) in your settle-
ment?

a) Very poor
b) Poor

c) Average
d) Good

e) Very good

1.2 How important is it for you to
help people whether by sharing time,
money, or possessions?

a) Not an important part of my life

b) Neither important nor unimportant
c) Animportant part of my life

d) Don't know

10.7 What type of support do you re-
ceive when experiencing water short-
age?

a) None

b) Water sharing

c) Money

d) Groceries/ food
e) Childcare

f) Other (specify)
g) Refused to answer
h) Don't know

11. Flooding

11.1 While living in this settlement, Yes No NA

have you or anyone in your household a) Flooding

experienced the following? b) Disease outbreak
c) Mudslides

11.2 While living in this settlement, a) Yes

has your neighbor experienced flood-
ing?

b) No [skip to 11.4]
c) Can't recall [skip to 11.4]

11.3 On a scale of 0-10, how did these
experiences affect your well-being and
your household'’s productivity/ in
come.

Not at all (0) — highly affected (10)

a) Lack of access to clean and safe
drinking water

b) Collapse of boreholes and wells

c) Damaged property/ house

d) Loss of household non-food items

e) Loss of savings

f) Loss of business

g) Loss of domestic animals

h) Injuries

i) Collapse of latrines

j) Contamination of surface water
by sewage and wastes

k) Contamination of drinking water

l) Outbreak of diseases

11.4 What type of support did you get
during the last flooding event you ex
perienced?

a) House cleaning after the flood
b) Food and clothes
c) Financial and material support
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d) Securing of assets during the

flood
e) Shelter/ Accommodation
f) None
g) Others (specify)
11.5 During flooding, did you experi- Yes No
ence any difficulties paying for the fol- | a) Food
lowing? b) Water

c) Transport
d) Education expenses

e) Health
f) Housing rent, if any
g) Debts
h) Entertainment
i) Clothes
11.6 To what extent are you worried
about current and/or future flood prob-
abilities a) Not at all
11.7 To what extent do you expect b) Alittle
your household to suffer damage if c) Moderate

d) Very much

flooding occurs again?
g g e) Extremely

11.8 To what extent do you expect
your future flood risk to increase

11.Spatial data

GPS coordinates of the household

GPS coordinates of the most preferred
drinking water source (if not in the
household)
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A1.3 Choice experiment

We would like to understand your preferences for water supply services. You will be
shown a card with two water service options, one referring to the current situation and
the other option describing a possible intervention that could be an improvement of the
water piping system. This should expectedly ensure a more stable water availability as
well as a better water quality due more durable pipes resulting in fewer pipe breakages,
less contamination, and leaks. Each option will differ based on these four aspects: Water
supply frequency, perceived water quality at kiosk, water pressure, and water cost.

On each card, please choose the option you prefer most. Take a moment to carefully
consider all the characteristics of each option before making your choice. Please speak
your mind—we are interested in your personal opinion, so there are no right or wrong
answers. You will repeat this task with 5 different cards. It is important that you make
your choice for each card separately, not considering the information on previous cards.

Below is a short explanation of the four aspects that describe the options in the cards.
Sample choice card

Household no...................

Select group

a) Productivity-related group
b) Health related group

[add description of attributes based on group (productivity-related or health-related]

Productivity-related group
Choice cards with explanations linking attributes to their impact on productivity

Perceived Water Quality at kiosk

= Options: Uncertain, Non-satisfactory, Satisfactory, Very good

= Water quality refers to whether the drinking water is safe and clean for use.
Poor water quality can make your household members sick, leading to missed
days from work or school. Iliness can also cause financial strain due to lost in-
come or spending on healthcare. Additionally, poor health can make it harder
to focus or complete everyday chores or other commitments.

Water supply frequency

= Options: Unchanged, +1 day/week, +2 days/week, +3 days/week
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» This refers to the number of days water is available each week. When water is
available on fewer days, your household may spend more time collecting wa-
ter and waiting in queues. It also reduces your household'’s flexibility in choos-
ing when to collect water. More frequent availability improves convenience, re-
duces waiting times, and frees up time for other activities like work, school, or
household tasks.

Water Pressure

= Options: Variable, Weak, Medium, Strong

= Tap water pressure refers to the pressure with which the water gushes out of
the tap. Water pressure affects how quickly water can be collected. Weak wa-
ter pressure means it takes longer to fill containers, which can lead to longer
queuing times and more time spent fetching water. It can interfere with your
household's ability to work, attend school or fulfil other commitments.

Cost of Water

= Options: Ksh 5 per 20L, Ksh 6 per 20L, Ksh 7 per 20L, Ksh 8 per 20L
= This represents how much you would pay for a 20-liter container of water.

Health related group

Choice cards with explanations linking attributes to their impacts on health and well-
being

Perceived Water Quality at kiosk

= Options: Uncertain, Non-satisfactory, Satisfactory, Very good

» Water quality refers to whether the drinking water is safe and clean for use, or
whether it requires treatment. Contaminated tap water can pose serious
health risks, including diarrhea, cholera, and other waterborne diseases
caused by bacteria, viruses, or parasites. Proper treatment can reduce these
risks, but it requires time, extra money, and effort.

Water supply frequency

= Options: Unchanged, +1 day/week, +2 days/week, +3 days/week

= This refers to the number of days water is available each week. Limited ac-
cess to drinking water can cause dehydration, which affects both the body and
mind. When water supply is unreliable, your household may need to store it,
but unsafe storage can cause contamination and spread of diseases. A lack of
water also makes it difficult to maintain hygiene and proper sanitation, in-
creasing the risk of illness.
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Water Pressure

= Options: Variable, Weak, Medium, Strong
» Tap water pressure refers to the pressure with which the water gushes out of
the tap. Reduced water pressure may cause infiltration into water pipes and

increased likelihood of contamination.

Cost of Water

= Options: Ksh 5, Ksh 6, Ksh 7, Ksh 8.
= This represents how much you would pay for a 20-liter container of water

[Each respondent is shown 6 choice cards, for example:]

. Improved
Attribute WaterPiping Systom No Improvement
Water Supply + 1 +0
Frequency
+ 1 day/ week Unchanged
-
Perceived Water =
Quality at Kiosk m
Non-satisfactory Uncertain
Water Pressure 0
0 ?
Weak Variable
Water Cost
Your choice
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After completing the choice experiment

1. Did you find the choices easy or dif- | a) Very difficult
ficult to make? b) Somewhat difficult
c) Neither difficult nor easy
d) Somewhat easy
e) Very easy [skip to 3]

2. What made the choices hard? a) |did not understand the questions

b) There was too much information

c) There were too many important
factors to consider

d) Idon’t think consumers should
have choices in water services

e) The choices were not realistic

f) Other (specify)

3. Which factors/attributes did you a) All
consider when making your b) None
choice? [Multiple responses possi- | €) Water Supply Frequency

d) Perceived Water Quality at Kiosk
e) Water Pressure

f) Water Cost

g) Other (specify)

ble]
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