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THE WATER DIARIES

Cyclones, �ash �oods, droughts, and pollution batter the aspirations of people living at 
the sharp end of water insecurity. By charting the daily water use behaviour of people in 
Kenya and Bangladesh for a year, this book explores the intersecting drivers of global 
water risks and the spatial and seasonal inequalities. Comprising a clear methodological 
chapter and four detailed case studies of both urban and rural areas, it critically reviews 
existing policy and institutional design, arguing for a new architecture in allocating risks 
and responsibilities fairly and effectively between government, communities, enterprises, 
and water users. In identifying the risks and potential responses for policy and investment 
action, it provides theoretical insights and a practical guide to developing more effective 
policy in Kenya and Bangladesh, with solutions that will be applicable in other regions 
facing similar challenges. This title is also available as Open Access on Cambridge Core.

����� ������ is a Bangladesh-born environmental social scientist, with eight 
years of postdoctoral research on water security and poverty under the UK Foreign 
Commonwealth Development Of�ce (UK FCDO)-funded REACH Programme at 
the University of Oxford. She has worked in Bangladesh, Ethiopia, and Kenya, 
focusing on the inequalities in household and individual experiences of water risks 
related to rural and urban drinking water services and river pollution by the global 
fashion industry.

��� �����is Professor of Water Policy at the Smith School of Enterprise and the 
Environment at the University of Oxford. He directed the UK FCDO REACH 
Programme between 2015 and 2024 that has improved water security for over 
10 million vulnerable people in Africa and Asia. He co-founded Uptime in 2018 
which has issued results-based contracts to guarantee reliable drinking water for 
over 5 million rural people in 17 countries in 2024. He has published over 100 
academic papers.
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xi

This book is about a daily global puzzle. How do vulnerable people facing droughts, 
�oods, or pollution make water choices each day? They are the people at the very 
sharp end of the climate crisis compounded by economic instability, weak gover-
nance, and public health shocks. They often feature in the news as disaster strikes 
as homes and livelihoods are brutally washed away, local rivers brim with dis-
ease and rubbish, or rain fails to fall for months and months on end. With limited 
resources and assistance, over two billion marginalised people have to make daily 
choices to �nd and use water for drinking, cooking, washing, cleaning, hygiene, or 
watering livestock. We believe by better understanding these daily water choices 
that we can design and shape better policy and interventions to help improve water 
security for hundreds of millions of people in Africa and Asia.

As two researchers who have conducted many households surveys, interviews, 
and focus group discussions over two decades in more than a dozen countries, we 
know the strengths and limits of existing research methods. We have been inspired 
by new ideas and approaches, such as the compelling book, Portfolios of the Poor, 
which charted the daily expenditure of people earning less than USD 2 per day in 
Bangladesh, India, and South Africa. The �ndings revealed the incredible sophis-
tication of 250 families managing their limited and variable income based on fort-
nightly interviews. The insights provided clear and actionable evidence for better 
policy and practice that has been taken up widely since. It gave us a framework to 
see how these methods might be adapted and advanced to create a suitable water 
diary method.

Water diaries are not a new idea. Researchers have previously implemented the 
diary method to monitor water behaviour in resource-poor settings. However, lim-
ited resources constrained the scope and ambition of these earlier studies. We were 
fortunate to be in a long-term and well-funded research programme that could 
allow us to be more ambitious and document a full year of the daily water choices 
of hundreds of families in multiple countries.

Preface
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xii	 Preface

However, it was not only intellectual curiosity that started the diary work. Our 
research programme faced a major headache. The REACH Programme was com-
mitted to improving water security for 10 million poor people by understanding 
how climate and hydrological systems interact with water needs for drinking water, 
irrigation, industry, and the environment. The idea of water security is precisely 
about these interactions between water resources and water services and the dis-
tribution of impacts for different people across space and time. Our interdisciplin-
ary research depended on bringing together ideas, methods, and data to examine 
water insecurity in different geographies facing signi�cant but uncertain threats. 
While our climate colleagues could roll out hourly data on temperature, rainfall, 
and more, the social scientists struggled to rustle up one household survey in a 
year. The water diaries provided a bridge across the data gap.

In 2017, we started the water diary work in Kenya. We had worked there for 
many years in a remote and rural location about 160 km east of Nairobi. Hot, dry, 
and dusty, it was a good place to pilot the method and develop our plans with good 
local partners. Over the next two years, we rolled out the diaries in three other 
locations in Bangladesh and Kenya. The choice of countries re�ected our interests, 
expertise, and local partner networks, as well as providing a diversity of water 
insecurity challenges from river pollution in Dhaka to cyclonic storms in coastal 
Bangladesh, and the drought cycles of rural Kenya. There is no claim that these 
locations represent water security globally, though the geographies capture many 
common and growing challenges around the world.

The methods we developed may be of interest to researchers and students. As 
teaching staff at the University of Oxford, we share and discuss these methods as 
part of our teaching on research methods for our postgraduate students. We have 
written a methodological chapter that some readers may wish to turn to �rst to 
better understand how the data were generated. The method has generated wider 
interest with UNICEF applying the method in refugee camps in Ethiopia. Other 
groups may �nd the approach to be applicable to their work on tracking water col-
lection, use, and expenditure in a simple and relatively low-cost fashion.

For the policy community, the book poses questions on current practices and 
future strategies. Monitoring water security is a dif�cult process. The Water 
Diaries reveals how daily practices are more nuanced and variable than standard 
data from household surveys. The progress in global monitoring of drinking water 
security is to be applauded, but there are limitations, particularly with the complex 
synergies between seasonal and sub-seasonal rainfall patterns and daily water use. 
As the climate crisis unfolds, this is a major policy gap to credibly and effectively 
direct climate �nance to the most vulnerable. The slippery slope of pedestrian pol-
icy is to focus on valuing what we measure, rather than measuring what we value. 
The Water Diaries provides unique access to daily water practices that contributes 
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	 Preface	 xiii

to a deeper understanding of social and cultural practices that do not neatly align 
to policy imposed from above.

We hope this book provides ideas and insights to understand and respond more 
effectively to the hundreds of millions of people living through a daily water crisis 
across the world. The positive news is much can be done to improve people�s lives. 
New initiatives and investments have emerged in response to the partnerships we 
have shared with governments and donors in the geographies where we work. We 
sincerely hope that more can be scaled up fairly and quickly to improve and sustain 
water security for everyone.
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1

1
Introduction

1.1  Global Water Risks and Local Practices

One in four people lack safe and reliable drinking water, most of whom live in 
Asia and Africa (WHO/UNICEF, 2023). Elevated levels of arsenic and �uoride 
are slowly and silently poisoning tens of millions of groundwater dependent 
populations in the Indo-Gangetic delta of South Asia (Fendorf et al., 2010) and 
the East African Rift Valley (Ligate et al., 2021, Reimann et al., 2003), respec-
tively. Rising global temperatures are invigorating cyclones and storm surges in 
the Indian Ocean. In May 2020, cyclone Amphan inundated coastal settlements 
in India and Bangladesh, exacerbating the hardships of the COVID-19 lockdown 
(Kumar et al., 2021). In the Horn of Africa, multiple years of failed rainfall have 
resulted in the worst drought in 70�years in 2022, causing water and food scarcity 
for 25 million people and tens of millions of livestock (OCHA, 2023). The alarm-
ing state of water risks across the world are increasingly portrayed by the media. 
Photos of emaciated children standing by animal carcasses, men boating along 
indigo tainted waters, or women wading through waist-deep �ood waters narrate 
the diverse water risks experienced every day.

Stories from North America and Europe are increasingly making headlines as 
well. In 2014, a major public health crisis unfolded in the city of Flint, Michigan, 
after a switch in the municipal water source resulted in insuf�cient corrosion con-
trol in aging pipes, leading to high levels of lead in the water supply (Pauli, 2019). 
In the UK, since 2020, the issue of river pollution has gained increased political 
attention as private water companies have been found to be regularly releasing 
untreated sewage into rivers (House of Commons, 2022).

Over two billion people live with security risks every day. The wealthy can 
often buy their way out of water security risks, the poor have fewer options. The 
risks the poor face each day can be unpredictable or relentless with no quick or 
simple solution. We set out to document the risks and responses that poor people 
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2	 Introduction

face through water diaries in Bangladesh and Kenya, two countries with different 
but extensive water security challenges. We use the term �poor� as shorthand to 
re�ect individual, household and community vulnerability, exclusion, and depri-
vation. Equally, their strategies, practices and creativity re�ect the resilience, inge-
nuity, and stoicism of the poor in a world of increasing water security risks which 
they did not engineer, but for which they face the greatest risks to their lives and 
livelihoods.

Water risks are generally de�ned by the privileged and experienced by the poor. 
Attribution of and blame for water risks can take many forms with little account 
for the local lived practices which attempt to adapt and mitigate the most harmful 
outcomes. In the case of water, these outcomes can relate to human health and 
well-being, ecosystems, or economic development, and can be driven by multi-
ple environmental, �nancial, institutional, and social factors operating at different 
spatial and temporal scales (Hoque et al., 2019). Environmental factors encom-
pass the geographical and seasonal distribution of water resources and hazards, as 
exempli�ed by the public health risks from naturally occurring arsenic or �uoride 
in groundwater, and crop failures and livestock deaths from delayed onset or failed 
rainy seasons. Financial drivers of water risks range from capital expenditure gaps 
in water supply or wastewater treatment infrastructure to poor recovery of oper-
ational costs due to non-payment of user fees. Institutional arrangements de�ne 
how responsibilities for risk mitigation are allocated among national and local 
governments, private sector, donor organisations and households, ranging from 
day-to-day service provision to water sector regulation and monitoring (Hope and 
Rouse, 2013). Social factors, such as poverty, gender, race and power dynamics, 
can disproportionately put certain population groups or individuals more at risk 
than others.

Global policies to address water risks have undergone several shifts in ideol-
ogies in the past few decades, depending on how the drivers of risks are framed 
(Hope et al., 2019, Gunawansa et al., 2013). Investments in large-scale infrastruc-
ture such as dams and centralised piped schemes gained momentum from the mid 
twentieth century to bring water to the people in growing cities, while deltaic 
�oodplains were engineered with embankments, sluices, and canals to protect 
coastal populations from �oods and storm surges. Water was viewed as a social 
good, with responsibilities for �nancing and management resting with the public 
sector. For nations emerging from colonial domination, overseas development 
aid served as the main funding source, allowing international donor organisa-
tions to intervene in national development policies based on western ideologies 
and practices. Infrastructure-led solutions also permeated the rural water sector in 
low-income countries, with low-cost handpump technologies being popularised 
to shift rural populations from surface water to groundwater sources. The type 
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of water technology used became synonymous with water safety, with access to 
improved sources being the global policy target until today.

Since the late 1980s, the focus of risk mitigation expanded from a sole emphasis 
on �nancial factors to include institutional arrangements for allocating responsi-
bilities and blame. Alongside the UK�s privatisation of the water sector, various 
forms of public�private partnerships were implemented in large cities in Latin 
America, the Middle East, and the Asia-Paci�c (Bakker, 2011). Neoliberal policies 
promoted water as an economic good, with the focus being on getting the prices 
right to ensure cost recovery and affordability. Decentralisation drives respon-
sibilities for rural water provision to local governments, often lacking �nancial 
and institutional capacity to ful�l their mandates. Community-based management 
became the standard model for operation and maintenance of rural water infra-
structure based on demand-driven ideologies. Unlike urban areas with subsidised 
piped services managed by utilities, rural users are left to their own devices, having 
to gather money and spare parts for repairing their pumps and pipes. An exten-
sive body of evidence from Asia and Africa shows that the community-managed 
model has yielded unsatisfactory outcomes, as waterpoints are poorly managed 
and often abandoned after a few years, with the expected lifetime rarely achieved 
(Foster, 2013, Whittington et al., 2009, Harvey and Reed, 2007). Uncoordinated 
infrastructure investments by governments and donors create a complex tapestry 
of water sources often located adjacent to existing waterpoints in a graveyard of 
well-meaning intentions.

Global and national monitoring of progress in water services in the twenty-�rst 
century have been de�ned by the United Nations� Millennium Development 
Goals (MDG) and Sustainable Development Goals (SDG). In line with the 
infrastructure-led provision approach, MDG Target 7c narrowly focused on mea-
suring �access to an improved source�. SDG Target 6.1 expanded global ambi-
tion from access to a service delivery approach, with a focus on providing safely 
managed services calibrated by water quality, reliability, affordability, proximity, 
and equity. Yet, given the costs and logistics of large-scale data collection, nation-
ally representative surveys and censuses still focus on the �main source of drink-
ing water�, with services de�ned as �safely managed� when a source is available 
on demand, free of faecal contamination and on-premises, and �basic� when it is 
within 30�minutes of dwelling (WHO/UNICEF, 2017). The SDGs also include 
ambient water quality, targeting to reduce disposal of untreated wastes into water-
bodies (SDG 6.3). However, monitoring is still at a nascent stage owing to data 
gaps, political leadership, and an effective monitoring system (UNEP, 2021).

While commonly quoted aggregate statistics � 2.2 billion people lacking safely 
managed drinking water in 2022 (WHO/UNICEF, 2023) or women in Africa 
spend 40 billion hours a year in collecting water (UNDP, 2006) � paint the scale of 
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global water risks, local realities are more nuanced. Access to an improved source 
fails to guarantee water security, as seen in the cases of arsenic, �uoride, and lead 
exposure despite using handpumps or piped water. Rural populations in develop-
ing countries are known to use different sources for drinking, cooking, washing, 
and livestock, delicately balancing the seasonal variations in water availability, 
water quality, costs, and distance (Elliott et al., 2019). For those surviving on lim-
ited and uncertain incomes, immediate concerns of feeding the family or paying 
children�s school fees may need to be balanced against costly one-off investments 
in water supply or treatment technologies that can potentially avoid health risks in 
the long-term (Ray and Smith, 2021). In overcrowded urban slums, women may 
choose sources of lower quality or higher price to avoid queuing at shared public 
taps and manage time for paid work, childcare cooking, or other competing needs 
(Price et al., 2019). Marginalised communities living in polluted and �ood-prone 
riverbanks may choose not to relocate to safer grounds, as doing so may mean 
losing proximity to markets and income opportunities (Korzenevica et al., 2024).

These examples illustrate that risks are socially constructed, and the �tolera-
ble� level of risks varies across societies and individuals (Grey et al., 2013) with 
greater need to include the �equity� of water risks hidden in what may be tolerable 
for the majority. The tolerability of risks has in�uenced decision-making from 
global to local scales, since before the concept of risk was associated with �water 
security�. Water quality guidelines established by the World Health Organisation 
(WHO), for example, prescribe 10�µg/l as the acceptable threshold for arsenic in 
drinking water, whereas in Bangladesh, the national standard is set at 50�µg/l as 
the costs to meet a lower threshold would exceed the public health bene�ts in a 
context with extremely high levels of groundwater arsenic. Household and indi-
vidual water source choices are likewise driven by careful evaluation of the mon-
etary and non-monetary costs and bene�ts associated with accessing sources with 
varied quality, distance, costs, and reliability. The �acceptable� level of risks and 
water practices are shaped by people�s past experiences, physical and psychologi-
cal capabilities, sociocultural norms, and environmental context.

Pierre Bourdieu introduced the sociological concept of �habitus� to re�ect on 
people�s �practices� within the ��eld� in which they operate. Habitus is �an active 
presence of past experiences� (Bourdieu, 1990, p. 54), which governs the continuity 
and regularity of social practices by providing relatively autonomy from immedi-
ate, external constraints. The concept of habitus views one�s personal experiences, 
sociocultural and environmental contexts as salient drivers of present practices, 
which tend to perpetuate into the future, reactivating in similar structures. Habitus 
rejects ideas of rational choice, which considers that individual decisions are 
guided by balanced consideration of costs and bene�ts of alternative choices, with 
the option with the highest satisfaction (utility) being chosen. These differences 
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in individual values and preferences may not always conform to policy prescrip-
tions of installing water supply infrastructure that users will regularly pay for and 
manage for their common good. Knowledge of bacterial or chemical contamina-
tion may not deter individuals from using unsafe sources or bathing in polluted 
rivers unless alternatives can be conveniently incorporated into people�s lifestyles. 
Cultural norms often de�ne whose voices and needs are prioritised in household 
water decisions, and how responsibilities for collecting and paying for water or 
managing water infrastructure are allocated between men, women, and children.

This book is about the daily water practices of individuals and households 
navigating various water risks � from unsafe or scarce drinking water to polluted 
waterbodies and extreme events � across different environmental, institutional and 
infrastructure settings. By charting these daily practices, we aim to better under-
stand people�s choices and constraints with a granular level of detail that allows 
us to rethink current policy and practice. Our work provides an empirical basis to 
accelerate action to reduce water risks and achieve water security in some of the 
most challenging geographies on the planet.

1.2  Water Diaries as a Lens to Individual Practices

The �everydayness� of how water risks are experienced by men, women and chil-
dren, whether in remote villages, in small towns or in bustling megacities, whether 
in the humid tropical �oodplains or in the arid Sub-Saharan landscape, is what 
inspired us to study the water crisis through �water diaries�. Diaries are inherently 
records of the mundane day-to-day activities, the details of which are likely to be 
erased from our memories after a short time. Fetching water from wells and pipes, 
or washing and bathing at the river are emblematic of individuals� deliberate and 
subconscious choices shaped by their habitus. Our water diaries were designed to 
capture these behaviours or practices related to water, operating within dynamic 
�elds that also include practices by governments, donor agencies, markets, and 
other individuals.

We focus on four diverse study sites from two countries � Bangladesh and 
Kenya. The scenes of water crisis in these two countries could not be any dif-
ferent. Located on the low-lying �oodplains of three mighty rivers � the Ganges, 
Brahmaputra, and Meghna � that drain the Himalayan waters into the Bay of 
Bengal, Bangladesh has plentiful water. Intricately woven by rivers and nourished 
by four months of monsoon, the country is one of the world�s most densely popu-
lated places, with a population of 165 million living across an area of 147,500�km2 
(BBS, 2023). On the other hand, about 80 per cent of Kenya�s land area is catego-
rised as arid or semi-arid, characterised by two rainy seasons with low and unreli-
able rains feeding the seasonal rivers. With four times the land area of Bangladesh 
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(581,000�km2) and only a third of its population (48 million) (KNBS, 2019a), most 
of Kenya�s rural areas and small towns are sparsely populated. While riverine 
�oods, cyclones and storm surges are common in Bangladesh, Kenya is affected 
by prolonged droughts. Despite the stark contrast in environmental risks, the two 
countries share some common institutional and infrastructure risks, including cap-
ital �nancing gaps, operation and maintenance challenges, and regulation of water 
resources and services.

The shared institutional and infrastructure contexts may be traced to the similar 
economic and political histories of the two countries, as shaped by colonisation, 
dependence on foreign aid post-independence, and neoliberal economic policies 
imposed by donor organisations. From the nomadic pastoral lifestyles of Kenyan 
tribes to the ebbs and �ows of Bengal rivers � the �uncontrollability� of the people 
and nature in these countries was a sharp contrast to colonial ideologies of mod-
ernisation. Both countries inherited colonial policy legacies of territorialisation of 
people by religion, ethnicity or livelihood, as well as the control of water through 
structural solutions. The reliance on overseas development aid post-independence 
allowed international �nancial institutions to shape national policies. Market ori-
ented reforms were implemented in both countries to reduce public spending and 
mobilise private sector. The rural water sector saw a push towards decentralisation 
of service delivery, with the focus on scaling low-cost technologies that could be 
managed by users. With the handpump revolution and community-based manage-
ment unfolding in the 1980s and 1990s, the infrastructure and institutional ideolo-
gies of rural water sector were rede�ned, a legacy which still dominates.

To study how these diverse environmental, infrastructure and institutional 
landscape drive daily water practices, we selected four study sites in Bangladesh 
and Kenya, representing the different aspects of global water crisis (Figure 1.1). 
These are � (a) Dhaka city, the densely populated capital of Bangladesh, where 
low-income riverbank settlements risk daily exposure to chemical and pathogen 
pollution caused by multidecadal discharge of untreated industrial and municipal 
wastewater into the city�s rivers; (b) Khulna district, in the coastal �oodplain of 
southwestern Bangladesh, where rural communities in embanked islands suffer 
from groundwater salinity and episodic shocks from cyclones and storm surges; 
(c) Kitui county, representing the sparsely populated semi-arid rural landscapes 
of Kenya, where low rainfall subject to inter-annual variability results in acute 
water crisis and high prevalence of surface water use by communities and schools; 
and (d) Lodwar town, a rapidly urbanising small town in the parched drylands 
of northwest Kenya, where the existing water supply utility grapples to meet the 
water demands of a growing population on the banks of a seasonal river with 
shocks from annual �ash �oods. We write about each of these sites in Chapters 
2�5 of this book.
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The daily water diaries inherently captured the seasonality of water risks and 
practices at household and individual levels, with the design being adapted to the 
risks and contexts being studied. The water diaries in Dhaka were different to the 
ones in the other three sites, as the aim was to observe how different people inter-
act with the rivers depending on place, time of the day, and season of the year. 
The �river diaries� involved direct observation of river use behaviour that were 
recorded by enumerators stationed at 6 selected points along the riverbanks for 

Figure 1.1  Map showing the four study sites presented in this book.

Polders 29 and 23, Khulna
Public and private responses
to drinking water risks
in a saline delta

Dhaka City, Greater Dhaka
River pollution and social
inequalities in a megacity

Bangladesh

Lodwar, Turkana
Unreliable piped supplies and
�ash �oods in an arid small town

Mwingi North, Kitui
Water choices, costs and maintenance
risks in rural semi-arid lands

Kenya
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8	 Introduction

33-days over two seasons � the dry season in January�February and the wet season 
in August�September 2019. Enumerators noted down who were using the river 
(that is, adults/children, male/female) for what activities over a 9-hour schedule 
each day, resulting in more than 10,000 observations with photographs. The water 
diaries in Khulna, Kitui, and Lodwar focused on drinking water services, studying 
120, 115, and 98 households, respectively, for 52 weeks in 2018�2019. The design 
involved pictorial charts where a member of the household recorded their source, 
amount and cost of water for that day, along with their overall household expenses 
(Figure 1.2). Appendix outlines the methodological details of The Water Diaries, 
including the design, piloting, sampling, and experiences from the �eld.

The diaries were complemented with a suite of methods to understand the envi-
ronmental, institutional and infrastructure risks shaping the water insecurities in 
these sites (refer to Appendix). Household surveys were conducted in each site 

Figure 1.2  The water diary charts designed for Kitui county, Kenya, which were 
translated to the local language Kikamba. One hundred and �fteen households in 
Kyuso and Tseikuru wards of Mwingi-North subcounty participated in the diary 
study from August 2018 to July 2019.
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to understand the demographic and socioeconomic pro�les, state of water and 
sanitation facilities, and how water-related challenges rank within other devel-
opment concerns. The survey households provided the sampling frame for the 
water diaries in Khulna, Kitui and Khulna, with participants being selected across 
the spectrum of reported water concerns and welfare. Hydrogeological analysis 
and climate models sketched the environmental risks related to groundwater and 
surface water quality, rainfall variability, and climate change. Water infrastruc-
ture audits recorded the locations, functionality, investments, and management of 
different water supply technologies. In-depth interviews with diary participants, 
riverbank residents, and water point managers provided detailed insights into 
decision-making processes for navigating water risks.

1.3  Risks, Inequalities, and Policy Responses  
in Bangladesh and Kenya

Through the diaries and the complementary methods, we explore the social, spa-
tial, and seasonal dynamics of individual and household water practices, in the 
context of diverse water risks across geographies and sociocultural environments. 
People�s choices and behaviour reveal the �acceptable� level of risks, as governed 
by their embodied habits and the wider environmental, infrastructure, and institu-
tional context. We explore how policy responses, addressing institutional, infor-
mation and investment gaps, can better allocate responsibilities between various 
public and private actors to manage these risks and reduce inequalities.

We start our narrative with Dhaka (Chapter 2) where river pollution by tex-
tiles and leather industries, coupled with sewage and solid waste disposal, has 
severed the once close-knit bond between the city�s people and waterways. 
Regulatory non-compliance has become normalised as successive military and 
democratic regimes post-independence have favoured export-oriented economic 
growth, in line with neoliberal policies prescribed by international �nancial 
institutions. Lax enforcement of environmental laws by the state has spurred pri-
vate governance initiatives by global fashion brands and civil society, with sev-
eral billion-dollar projects leading to a decentred regulatory framework (Peters, 
2022). Water quality monitoring is thwarted by data gaps stemming from infre-
quent sampling and limited coverage that do not capture the pollution dynamics 
in the factories or the rivers.

In Chapter 2, we present the seasonal changes in the state of river health across 
different stretches using data from the �rst water quality monitoring system for 
the entire Greater Dhaka watershed. Religious events � the annual Bishwa Ijtema 
and Eid-ul-Azha � add pollution shocks to the system. Our river water diaries 
capture the social inequalities in pollution exposure by analysing the location, 
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season and gender disaggregated interactions with the river. Individual practices 
by low-income riverbank communities re�ect their habitus, shaped by past rela-
tions with cleaner waterbodies both in Dhaka and in rural areas where many have 
migrated from. Given the generational timeframes required to achieve river resto-
ration masterplans, there is a moral obligation to take immediate actions to protect 
these vulnerable people through better water and sanitation facilities and risk com-
munication. This can deter use of river for daily washing, bathing, and irrigation 
purposes, even when the quality is perceived to be better in monsoon.

We next move to Khulna in the coastal �oodplains (Chapter 3), where the water-
scape is dominated by mighty tidal rivers interlacing embanked islands. Rural pop-
ulations obtain their drinking water from tube wells of varying depth. Despite high 
coverage of tube well � the low-cost improved technology popularised to curb 
diarrhoeal risks from surface water � access to safe water all year round is com-
promised by high groundwater salinity. Publicly �nanced and community man-
aged tube wells have been the dominant approach for rural water supply, leaving 
out areas with high salinity that require alternative water supply technologies. 
Uncoordinated investments by donor organisations, households and small enter-
prises have emerged to plug the gaps through rainwater harvesting systems, small 
piped schemes, reverse osmosis plants, and pond sand �lters.

Household water diaries re�ect four behavioural clusters, characterised by com-
monalities in source choices and expenditures driven by rainfall and local salinity 
risks. Yet within clusters, individual preferences and habits often explain divergent 
practices. Uncertain water quality risks from multiple sources, infrastructure oper-
ation and maintenance risks, and �nancial risks related to coping costs jeopardise 
water security not only in domestic settings, but also in schools and healthcare 
centres. In this chapter, we advocate for shifts towards professional maintenance 
services that we piloted in public schools and community health centres in selected 
unions and later upscaled to the entire district through results-based �nancing from 
government and donors. Through regular water quality monitoring, prompt repair 
and preventative maintenance, supported by up to date information systems and 
regulatory oversight, professional service delivery has potential to address the 
long-standing functionality and water safety challenges.

From Bangladesh�s water-rich delta, we move to the semi-arid hinterlands 
of� rural Kenya (Chapter 4). In 2016, our study site Kitui emerged as 1 of 47 
devolved counties with responsibility for the 2010 constitutional commitment of 
safe drinking water to all Kenyans. By the 2019 national census, two in �ve Kitui 
residents stated their main source of drinking water was surface water, compared to 
the national average of 23 per cent. This a remarkable statistic given the economic 
status of Kenya and the investments made over many decades to improve drink-
ing water services by national government, bilateral donors, and non-government 
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organisations (NGOs). Water diaries show shifts from groundwater to surface 
water sources immediately after rainfall re�ecting the cultural predilection towards 
free and freshly collected waters for people and livestock. The seasonal transition 
between water supplies reduces revenues for operation and maintenance of piped 
schemes and handpumps, further aggravating the chronic functionality challenges 
of community managed systems. While the water sector act explicitly encourages 
counties to contract private entities to address �nancing and operational chal-
lenges, the commercial non-viability of water services in sparsely populated areas 
with inconsistent demands deters private sector participation. County leadership 
and donor cooperation can spur uptake of professional maintenance service deliv-
ery guaranteeing reliable and safe drinking water services.

Our �nal destination is one of the driest inhabited places on the planet � the 
small town of Lodwar (Chapter 5) in Kenya�s northwestern Turkana County bor-
dering Ethiopia, South Sudan, and Uganda. Turkana is famed for being the cradle 
of humankind with discoveries of the Turkana Boy and Lucy by archaeologists. 
Lake Turkana is the largest of the great soda lakes of the Rift Valley and marks the 
terminus of the river Omo, originating in southern Ethiopia, and the Turkwel River 
�owing from the highlands of southern Uganda. Turkana is an unforgiving dryland 
with very low rainfall partly due to low-level and high-speed air currents, which 
transport vast counties of vapour from the Indian Ocean to the Congo basin in the 
west, leaving Turkana unnaturally dry. The recent discovery of oil deposits and 
large groundwater reserves has generated excitement and investment in a region 
purposively marginalised under British colonial rule. In parallel, as a geographic 
anchor linking the hinterlands of three countries, there has been an ambitious infra-
structure project connecting Lodwar with the Lamu Port � South Sudan � Ethiopia 
Transport corridor project (LAPSSET).

Our diaries re�ect the daily water challenges of this rapidly growing town against 
the backdrop of harsh environment, historical marginalisation, and high poverty. 
Infrastructure and institutional inef�ciencies have resulted in an unreliable piped 
water service with limited coverage, providing a fertile ground for informal water 
markets to �ourish particularly in unserved peri-urban localities. Those living by 
the rivers face the dilemma of migrating to remote areas without schools, employ-
ment opportunities or water services, or living in fear of being washed away by 
�ash �oods. Groundwater is a strategic economic resource in these drylands, with 
multiple demands from urbanisation, irrigation, and oil exploration. Groundwater 
sustainability requires knowledge of recharge processes and hydrochemical char-
acteristics to be monitored and managed effectively by government.

The water diaries of urban and rural populations across these four sites illustrate 
the local experiences of global water risks. We do not intend to prescribe solutions, 
rather critically re�ect on the complexities of water-society dynamics to guide 
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public and private responses. The climate crisis is neither the unique cause nor 
the singular solution to the global water crisis. However, it provides an important 
political and funding framework where appropriate and effective action to miti-
gate and adapt would deliver signi�cant bene�ts to vulnerable people. With the 
mid-term evaluation of progress on the SDGs in 2023 providing a bleak summary 
for the water goal and the other 16 goals, there is an opportunity and obligation to 
think of alternative actions and behaviours to a shared commitment to improve and 
maintain water security in a rapidly changing and unstable world.
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2
Fashionable Rivers

Social Inequalities and Pollution in Dhaka

2.1  Introduction

Dhaka, home to an urban population of 20.7 million (BBS, 2023), is amongst the 
world�s most densely populated places on the planet. Despite being infamous for 
its traf�c congestion and river pollution, this 400-year-old city was once fondly 
referred to as the �Venice of the East�, with its vibrant rivers and canals de�ning 
the city�s trade, transport, and sociocultural identity. From the seventeenth-century 
capital of the Mughal Empire, celebrated for its high-quality yet cheap muslin and 
silk exports, Dhaka has transformed into a global manufacturing hub for leading 
fashion brands, driving the country�s rapid economic growth in the twenty-�rst 
century. With �Made in Bangladesh� labels increasingly making their way into 
European high streets and wardrobes, the colourful discharge from thousands 
of factories silently taints Dhaka�s rivers and waterbodies. Millions of litres of 
untreated municipal wastewater and solid wastes are further added to this daily 
cocktail, making the rivers the backdoor drains that have little connection with the 
city�s middle- and upper-class residents. The riverfronts that were once sought-after 
residential areas are now occupied by the most impoverished citizens.

What we see in Dhaka today re�ects a modern iteration of the historical �Great 
Stinks� that af�icted rapidly industrialising European cities in the nineteenth cen-
tury. London, for instance, faced a sanitation crisis where faecal waste from three 
million residents was routinely dumped into the River Thames, leading to frequent 
cholera outbreaks (Halliday, 2001). The tipping point came during the scorch-
ing heatwave of the summer of 1858, when an intolerable stench pervaded the 
Victorian city. This prompted the construction of London�s state-of-the-art sewage 
system over the subsequent decade. Today, high-income countries in Europe and 
North America treat 70 per cent of their wastewater before discharge, compared to 
only 8 per cent and 28 per cent in low- and lower-middle-income countries in Asia, 
respectively (Kookana et al., 2020, WWDR, 2017, UNEP, 2016).
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Improvement in ambient water quality by halving the proportion of untreated 
wastewater by 2030 is one of the targets under the Sustainable Development 
Goals (SDG 6.3). However, monitoring global and national progress towards 
SDG 6.3 is hindered by substantial data gaps, mainly due to the absence of sys-
tematic water quality monitoring systems in most developing countries (UNEP, 
2021). The existing water quality monitoring system for Greater Dhaka has 
insuf�cient coverage, frequency, and parameters to allow a system-wide under-
standing of pollution dynamics and effectiveness of interventions. High organic 
pollution from sewage and solid wastes can interact with chemicals in industrial 
ef�uent, amplifying overall toxicity for living organisms. During the monsoon 
season, runoff from densely populated urban areas and agricultural lands signi�-
cantly contributes to the pollution load. The heightened river �ows and �oods 
transport pollutants downstream and into the �oodplains of rural areas. In this 
chapter, we closely examine these pollution dynamics through monthly data on 
organic, inorganic, heavy metal, and pathogen contamination across the six riv-
ers surrounding Dhaka.

It is dif�cult to evaluate and attribute the risks of river pollution to human 
health and well-being due to the multiple exposure pathways, the long latency 
periods, and the unde�ned spatial scales of observable impacts. Beyond direct 
health effects such as gastroenteritis and skin diseases from contact or immersion 
in polluted water (Turbow et al., 2003, Prüss, 1998) and consumption of heavy 
metals accumulated in �sh and crops (Khan et al., 2008, Wang et al., 2005), there 
are broader impacts on well-being stemming from poor visual amenities, unpleas-
ant odours, limited recreational opportunities, and stigmatisation of communities 
(Damery et al., 2008). This led us to study the �river water diaries� of Dhaka to 
understand who interacts with the rivers, for what purpose, and when. Shifting the 
focus from observable outcomes, this approach allowed a nuanced understanding 
of the social, economic, and cultural signi�cance of the rivers in people�s lives 
across space and seasons.

We situate these risks and inequalities within the historical development trajec-
tory of Dhaka from the Mughal era to the British colonial period and discuss how 
post-independence political and economic priorities shaped the discourse of envi-
ronmental regulations. With Bangladesh�s economic ascent, transitioning from a 
�least developed country� to a �lower-middle-income country� in 2015 and set to 
achieve a �middle-income country� status by 2026, there is an increased political 
will to free the rivers from pollution. However, this Herculean task is complicated 
by the complex network of stakeholders within the government, civil society, and 
the global textile industry, with various forms of state interventions and market-led 
governance operating within a messy regulatory space. In this chapter, we portray 
Dhaka�s fashionable rivers to paint the complexities of water�society dynamics 
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that challenge sustainable actions to mitigate risks. The daily experiences of pollu-
tion risks by marginalised populations in a megacity reveal one of the many faces 
of the global water crisis.

2.2  Connected by Rivers, Disconnected from Rivers

In March 2018, on a hot and humid morning, we gathered by the banks of the 
Buriganga River, awaiting to board a boat for a river tour through the waterways 
of Dhaka. With a team of about 50 national and international academics and water 
sector practitioners, the trip was intended to get a �rst-hand experience of the 
unfortunate state of pollution of Dhaka�s mighty rivers. Despite being labelled 
as �ecologically dead�, the bustling ambience of the Buriganga waterfront was a 
testament of the river�s historical role in sustaining the city�s commerce and com-
munication. Multi-tiered ferries, commonly referred to as �launches�, were poised 
to embark on journeys to the southern delta � a landscape interwoven with rivers 
and creeks that culminate into the expansive Bay of Bengal (Figure 2.1). Cargo 
freighters with construction materials and motorised wooden trawlers with colour-
ful local produce were docked, waiting to be of�oaded. Soon porters lined up to 
transfer the produce to the vans, like a human conveyor adeptly balancing the 
loaded baskets on their heads and seamlessly switching it with the next person in 
exchange of an empty one.

Figure 2.1  Looking into the expansive Buriganga River from our tour boat in 
March 2018. As the black, polluted waters glistened in the morning sun, the bridge 
at the far end read, �The nation thrives if the rivers survive. We will bring back our 
Golden Bengal� (translated from Bangla). (Photo credit: Alice Chautard, 2018).
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This is the birthplace of Dhaka � the northern banks of the Buriganga River 
where the Mughals established their provincial capital in the early seventeenth cen-
tury. Cradled by six rivers like a garland � Buriganga, Dhaleswari, Turag, Tongi 
Khal, Balu, and Sitalakhya Rivers � Dhaka�s strategic location was of both mili-
tary and commercial interest. On the one hand, it enabled surveillance of the lower 
Bengal Delta against enemy attacks, while on the other hand, the network of rivers 
and canals allowed transportation of goods to the inner empire. Writing about the 
seventeenth-century Dhaka, English mariner Thomas Bowrey referred to it as a 
�large spacious� metropolis, with �very �ne conveniences� as it stood beside a ��ne 
and large river� navigable for ships of 500�600 tons (Bowrey, 1905, p. 150). The 
water of the Buriganga �being an arm of the Ganges� was �extraordinarily good� 
(Bowrey, 1905, p. 150), serving drinking water to its one million dwellers. French 
merchant Tavernier further noted that Dhaka extended only in length, as �everyone 
coveted to have a house by the Ganges-side� (Tavernier et al., 1684).

Today, the Buriganga River, along with the interconnected river system of 
Greater Dhaka, is amongst the top contenders of the world�s most polluted rivers. 
This was apparent as we sailed north-westwards along the Buriganga towards the 
Turag. The black and indigo water, the rotten egg-like stench, and organic and 
plastic wastes littered along the banks were in sharp contrast to the picturesque 
waterscape narrated by Bowrey and Tavernier. The silver jewellery of one of our 
colleagues became tarnished from silver to black, potentially from the hydrogen 
sulphide in the air. The appalling state of the rivers is the result of the indiscrimi-
nate discharge of untreated wastewater from the city�s households and manufactur-
ing industries, mainly textiles and tanneries. The factories are located within major 
planned and unplanned industrial clusters along the riverbanks (Figure�2.2). The 
highest pollution burden is imposed by the wet processing textile units, owing to 
the high usage of water, along with salts, dyes, and bleaches for washing, dyeing, 
and �nishing processes. Apart from the larger textile units within the export pro-
cessing zones, most small and medium factory units are concentrated in informal, 
heterogeneous, under-serviced industrial clusters, often interspersed with some 
residential dwellings. With very few textile units equipped with fully functioning 
ef�uent treatment plants, the bulk of the untreated wastewater makes their way 
into the rivers through bypass drains and internal canals.

Compared to textiles, tannery wastewater comprises a high concentration of bio-
degradable organic load and a substantial nitrogen content, given that leather is com-
posed of proteins, keratins, and fats. The tanning process involves the use of large 
amounts of salts to preserve the leather, resulting in elevated levels of alkalinity and 
inorganic compounds, including chromium, chlorides, ammonium, sulphides, and 
sulphates (Sagris and Abbott, 2015). Even though the total volume of wastewater 
generated by the tanneries is considerably lower than that of the textile industry, the 
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demise of the Buriganga River can be attributed to several decades of pollution stem-
ming from the tanneries in the Hazaribagh cluster (Whitehead et al., 2019). With the 
tannery industry now been relocated to Savar, the Buriganga River is showing grad-
ual signs of recovery at the cost of the Dhaleswari River now being contaminated.

Figure 2.2  Map of Greater Dhaka (comprising four districts) showing the Dhaka 
North (DNCC), Dhaka South (DSCC), Gazipur (GCC), and Narayanganj (NCC) 
City Corporations, major rivers, and industrial clusters.
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Today, Bangladesh stands as the world�s second-largest exporter in the USD 
45 billion ready-made garment industry, trailing only China, and commands 
an 8 per cent share of the global market (Berg et al., 2021). With this sector 
contributing over 80 per cent of the country�s export revenue and employing 4 
million people, it has emerged as the primary driver for Bangladesh�s economic 
growth since the 1990s. The leather industry, which contributes around 3 per 
cent to the export revenue, is also of strategic importance as the country is seek-
ing to diversify its manufacturing export base to sustain the growth trajectory 
(Hong, 2018).

Dhaka�s status as a textile exporter, however, can be traced back to the Mughal 
period. In contrast to the present-day exploitative dynamic, where the global 
demand for cheap and fast fashion is choking the local river system, textiles and 
rivers once shared a harmonious relationship. The exquisite muslin fabric, sought 
after by royalty and traded across the Roman and Ottoman empires during the six-
teenth and seventeenth centuries, was handwoven by skilled artisans using the �n-
est cotton grown along the rivers (Islam, 2016). The thread was spun in intensely 
humid conditions, typically in the morning and evening, with young women going 
to the middle of the river by boat to cut the yarn (Gorvett, 2021). The �ourishing 
muslin trade in Bengal, however, met its demise at the hands of the British colonial 
machinery, whether wielded through the East India Company or direct rule by the 
Crown. This downfall was orchestrated through discriminatory taxes and tariffs 
against local cotton growers and weavers, favouring machine-produced imports 
from British cotton mills.

The colonial policies of the nineteenth and early twentieth centuries also shifted 
the focus of development from water to land. The dynamic landscape of the delta�� 
its shifting rivers, monsoon �ooding, and accretion of new lands � was perceived 
as a hindrance in the functioning of territorialisation, governance, and taxation. A 
discourse of �contained water� and �dry ground� emerged, gradually eroding the 
close-knit bond between Dhaka and its rivers. Under British in�uence, the trans-
formation of medieval Dhaka into a modern city unfolded, marked by the con-
struction of metalled roads, open green spaces, streetlights, and piped water supply 
(Ahmed, 1986). The �rst �ood-protection embankment along the Buriganga was 
also erected. The advent of the railway in the late nineteenth century further 
marginalised the signi�cance and upkeep of rivers and internal canals as com-
mercial arteries. The colonial legacy persists in shaping the city�s development 
trajectory, as wetlands, canals, and rivers continue to be encroached upon for real 
estate development (Baffoe and Roy, 2023). For Dhaka�s middle and upper classes 
today, encounters with rivers are limited to media coverage of pollution issues, 
highlighting a stark disconnection from the once integral and dynamic relationship 
between the city and its waterways.
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2.3  Monitoring River Health

The existing institutional arrangement for monitoring surface water quality in 
Greater Dhaka involves monthly measurements of selected physiochemical 
parameters by the government�s Department of Environment (DoE), though data 
collection is less frequent in practice (DoE, 2017).1 The DoE�s network of 17 
sampling points does not cover the rapidly urbanising areas along upper Turag and 
Balu Rivers, as well as some important industrial zones. Assessment of heavy met-
als, inorganic parameters, and persistent organic pollutants in water and �oodplain 
sediments is also needed for a comprehensive understanding of pollution dynamics 
at the system level. This involves understanding the relative contribution of pol-
lution loads from different reaches and old sediment deposits and the biochemical 
interactions of pollutants that affect overall toxicity and evaluating the effective-
ness of ongoing and planned interventions.

A water quality monitoring system, developed by our colleagues at the Bangladesh 
University of Engineering and Technology (BUET) (REACH Dhaka, 2023), is the 
�rst attempt to ensure regular monitoring of river health across Greater Dhaka. 
Monthly data from 58 sampling points show the seasonal changes in water quality 
across different stretches (Figure 2.3). Details on data collection and analysis are 
outlined in Appendix. During low �ow conditions, that prevail from December to 
April, the dissolved oxygen throughout the river system falls below the minimum 
threshold essential for sustaining aquatic life. The anoxic conditions in the waters 
and sediments can result in some metals from bound sediments and gases such 
as methane, ammonia, and hydrogen sulphide being released. Among the most 
polluted stretches are the 29-km Buriganga River in the south-west and the Tongi 
Khal, a 15-km canal linking the Turag and Balu Rivers in northern Dhaka.

The Tongi Khal is also known for its religious signi�cance. Since 1967, its 
banks have been the sacred grounds for the Bishwa Ijtema, the second-largest 
gathering of Muslims worldwide, following the Hajj pilgrimage. Every January, a 
160-acre government land is transformed with tents to host three million devotees 
over two three-day phases. The Ijtema served as a natural experiment to under-
stand the impacts of human activities on river water quality. An analysis of heavy 
metals in Tongi Khal before and after the Ijtema showed an overall increase in 
concentrations between December 2017 and January 2018 (Rampley et al., 2019). 
This was due to the combined effects of decreased river �ow, resuspension of 
sediments caused by the disturbance of riverbed during Ijtema preparatory work, 
and subsequent dissolution of metals due to anaerobic condition. The Ijtema event 

1	 Existing physiochemical parameters monitored by the Department of Environment (DoE) include pH, 
electrical conductivity, total dissolved solids, suspended solids, dissolved oxygen, alkalinity, biological 
oxygen demand, chemical oxygen demand, chloride, total coliform, and Escherichia coli (E. coli).
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Appendix

Making of the Water Diaries

The narratives of water risks, practices, and institutional responses we present in 
this book draw on seven years of extensive research by the REACH team. Funded 
by the United Kingdom Commonwealth and Foreign Development Of�ce (UK 
FCDO), the REACH Programme (2015�2024) was designed to improve water 
security for 10 million poor people in Asia and Africa by mobilising science to 
support governments and practitioners in making policy and investment decisions. 
The REACH Programme adopted a risk-based approach for framing the global 
water crisis, acknowledging the multiple natural and �manufactured� drivers of 
society�s water challenges. A risk framing motivates interdisciplinary research to 
capture the trade-offs across competing values and objectives across scales and 
reduce uncertainty in decision-making.

Building on this risk-based approach, we designed our water diaries as a lens 
to understand how people navigate multiple water related risks in their daily lives. 
For Khulna, Kitui, and Lodwar, the diaries focused on household drinking and 
domestic water choices (referred to as �Water Diaries�, Section A.2), while in 
Dhaka, it focused on people�s interactions with river water (referred to as �River 
Diaries�, Section A.3). The analysis of the diaries informed and was informed 
by a portfolio of social and biophysical research (Section A.4), led by us and our 
colleagues across the REACH Programme, based at the University of Oxford, 
BUET, Dhaka University, the International Centre for Diarrheal Disease Research 
(icddr,b),UNICEF-Bangladesh, and the University of Nairobi. The survey of 
schools and water supply infrastructure in Kitui county, outlined in Sections A.4 
and A.5, were funded by the USAID Sustainable WASH Systems in collabora-
tion with the REACH Programme. The household survey and water infrastructure 
mapping in Polder 23 of Khulna district were funded by the Research England 
Internal Global Research Challenges Fund.

Ethical permission for all research activities was obtained from the University 
of Oxford�s Research and Ethics Guidelines to ensure informed consent, 

https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/F74A7CC023F4CABC8DE2B5436342701F
Downloaded from https://www.cambridge.org/core. IP address: 18.97.14.82, on 14 Dec 2025 at 05:20:15, subject to the Cambridge Core terms of use, available at



106	 Appendix: Making of the Water Diaries

con�dentiality, and no harm to all participants. In Kenya, REACH research was 
registered with the Government of Kenya�s National Commission for Science, 
Technology and Innovation.

A.1  Diaries: Motivation and Previous Work

The inception of the REACH Programme coincided with the beginning of the 
SDG era in 2015, with the term �water security� gaining increased prominence 
among academics and practitioners. Alongside the political urgency to devise 
plans and chart pathways to reach the SDG targets by 2030, the need for new 
metrics and methods became more apparent. One such metric was �affordability��� 
which is not only about how much people spend on water, but what they give up 
to access water services and what it means for people who prefer to use unpaid 
or unimproved sources. This seasonal shift to surface water sources proved to be 
particularly dif�cult to sustain reliable water services in rural Kenya, where the 
University of Oxford has incubated a professional maintenance service delivery 
model (FundiFix) since 2013. Understanding the nature and drivers of water use 
behaviour � the choices people make in their daily lives across different contexts�� 
could better align policy and practice to cultural values and preferences. By one 
de�nition, �water security� is an �acceptable� level of water-related risks, yet what 
is �acceptable� for individuals and communities was a knowledge gap implicitly 
embedded in their daily choices.

We were inspired to chart these everyday behaviours through novel methods that 
went beyond the �reductionist� approaches of large-scale surveys that traditionally 
fed the aggregate statistics of water access, without acknowledging the risks to 
safety, reliability, affordability, and equity of water services emerging from use of 
multiple sources. We drew inspiration from Collins et al. (2009)�s �Portfolios of 
the Poor�, which developed the ��nancial diaries� methodology to study the �nan-
cial practices of households living in villages and urban slums of South Africa, 
Bangladesh, and India. Diaries have been used extensively in psychological and 
health research (e.g. Wiseman et al., 2005, Cates et al., 2004, Lawson et al., 2004); 
however, there have been limited examples of its application in studying water use 
behaviour (e.g. Bishop, 2015, Harriden, 2013, Wutich, 2006) prior to our work.

The diary method is an instrument for individuals/households to record changes 
in daily processes or practices which may be subject to unpredictable shifts in 
behaviour or outcomes, for example, the effects of seasonality on household 
incomes and expenditures. In such cases, simple �snapshots� of behaviour at a par-
ticular time may not capture the temporal variations. Compared to other research 
tools, diaries are less likely to suffer from problems of recall bias as they rely 
on short-term memory (Bolger et al., 2003). Wutich (2009) found that the diary 
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method yielded the most accurate estimate of per capita water use over a week 
compared to prompted recall and free recall methods, which either underestimated 
overall water use or missed out relatively low-volume water use tasks like washing 
and cleaning. However, as diaries are produced by participants in their own time 
and setting in absence of the researcher, participants need to be trained thoroughly 
to ensure accuracy of data being recorded and minimise confusions in making 
entries (Wiseman et al., 2005). Regular communication between the researcher 
and the participant is required to keep the latter motivated and build trust between 
both parties. This can restrict the sample size due to resource constraints, creating 
a trade-off between breadth and depth of data collected.

The design and implementation of the diary method is often guided by issues 
relating to (1) the structure and content; (2) duration and frequency; (3) respondent 
attrition and fatigue; (4) compensation; and (5) use of complementary methods. 
Water diaries intended to capture household water use behaviour usually involve 
structured charts, outlining the sources, purposes, and volumes of water used by 
individuals (e.g. Harriden, 2013, Wutich, 2006). However, if the research requires 
participants to record the social interactions embedded in their daily quest to access 
to water and re�ect on these events from their own perspectives, the researcher 
may design an unstructured or semi-structured diary (Bishop, 2015). As diaries 
usually require participants to read and write or have someone to make entries on 
their behalf, pictorial diaries often proved to be more appropriate in settings with 
high levels of illiteracy. Wutich (2006), for example, used illustrations of differ-
ent water sources, water use tasks, and container types to estimate the source and 
volume of water used by each household member for consumptive, hygiene, and 
domestic needs in an urban slum in Bolivia. While pictorial diaries can potentially 
overcome the literacy barrier, care must be taken to ensure that illustrations are 
sensitive to cultural perceptions (Wiseman et al., 2005).

The duration and frequency of the diary keeping exercise largely depends on the 
data requirements of the research. Shorter diaries, maintained over a few days to 
a week, require less time commitment from the participants and are unlikely to be 
affected by fatigue or dropouts. Harriden (2013)�s study of intra-household water 
use behaviour in Australia, for example, required participants to record all water 
use activities over a week, particularly noting who used water, for how long, in 
what quantity, at which time, and for what purpose. Longer diaries, on the other 
hand, can suffer from respondent attrition and research fatigue, but may be nec-
essary to capture temporal variations. A noteworthy example is Wiseman et al. 
(2005)�s study of �nancial transactions in rural Tanzania and the Gambia, where 
participants were asked to maintain a pictorial �nancial diary every day for a year. 
The authors noted a dropout rate of around 20 per cent and found that successful 
maintenance of longer diaries depended on the level of trust between the diarist 
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and the �eld researchers, who visited the diarists regularly to keep them engaged. 
It is important not only to note the dropout rate but also ensure that those who 
dropped out are not systematically different from the whole population. Longer 
diaries can also create a �conditioning effect�, whereby participants may become 
tired of keeping records on similar-seeming activities leading to abbreviated or 
less thorough entries (Wiseman et al., 2005). If they miss an entry, they may also 
go back and ��ll in� what they missed, thus, undermining one of the core purposes 
of using diaries (Bishop, 2015, Bolger et al., 2003).

Since diaries require long-term commitment from the participants, researchers 
often provide �nancial incentives to motivate participants or to compensate for 
their time and effort. This raises methodological and ethical concerns among the 
research community. As experienced by Meth (2003), offering payments for par-
ticipation can speci�cally attract economically vulnerable people and may cause 
resentment among those not selected for the study. Others argue that the need for 
compensation depends on the complexity of task required (Bartlett and Milligan, 
2015). The water use behaviour study by Wutich (2006), where each household 
was offered USD 2.50, involved day-long diary keeping by each household mem-
ber, followed by extensive interviews that required participants to recall their water 
use activities during the preceding week.

Diaries are often combined with alternative research tools such as interviews, 
observations, questionnaire surveys, and focus group discussions (FSD Kenya, 
2014, Wutich, 2009, Wiseman et al., 2005). These are necessary for collecting 
baseline data that can better inform the diary design, for engaging participants at 
different stages of the research process, for ensuring compliance and proper record-
ing of events/activities, for keeping up participants� morale, and most importantly, 
for triangulating data from different modes of enquiry. For example, the Collins 
et al. (2009)�s ��nancial diaries� methodology involved baseline questionnaire 
surveys on demographics, income sources, assets, and �nancial tools, followed 
by year-long bi-monthly �nancial diary visits during which interviewers captured 
detailed data on all cash �ows over the preceding two weeks, as well as any events 
that may have in�uence household welfare during that period.

A.2  Water Diaries: Household Water Source Choices 
in Khulna, Kitui, and Lodwar

A.2.1  Designing the Diaries

Our diary methodology was aimed to capture households� water source choices, 
which can be shaped by a range of concurrent factors, including rainfall variabil-
ity, operational disruption of infrastructure, costs of water, household income 
and expenditures, and time spent in collecting water. Given the low literacy level 
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among rural participants, we made the diary as simple as possible so that it was 
easily comprehensible by the respondents, and not considered too burdensome to 
�ll in on a daily basis. Pictorial charts were used to record data with written input 
from participants being limited to ticks, crosses, and numbers. Each day�s diary 
was restricted to two pages to minimise printing costs and reduce paper use. The 
charts comprised of three sections � (1) water sources, amount of water fetched, 
cost of water whether payments were made or not, and collection responsibilities 
disaggregated by gender; (2) suf�ciency for drinking, washing, bathing, livestock, 
and small-scale irrigation (only for Kenya); and (3) household expenditures on 
food, education, health, transport, energy, and miscellaneous items.

The preliminary diary design was pretested in March 2017 with adult women 
from an all-female water user committee in Kyuso town in Mwingi-North sub-
county. The design was based on an extensive review of the literature on the diary 
method and the state of the water supply situation in rural Kenya, as well as the 
context speci�c knowledge and expertise of researchers working in the region. 
We invited about 15 women to attend a 2-hour focus group discussion, of whom 
11 attended. Women were intentionally recruited as they are usually responsible 
for fetching water for the household and hence, have the best knowledge on this 
matter. The purpose of the focus group discussion was to explain the diary method 
to the participants and identify whether the methodological design was appropriate 
for the local context and easily comprehensible by the participants. Following the 
group training, the participants were given printed copies of the diary sheets and 
requested to �ll them every day for the next month. During this month, the research 
assistant visited all households every week to ensure they were �lling the diaries 
accurately, and also enquire about noteworthy entries, including unusual expen-
ditures, change in water sources, or high volumes of water collected. Analysis 
of this pilot diary data, elaborated in Hoque and Hope (2018), showed promising 
results indicating the potential for scale up to a large sample size over a longer 
time period.

The diary design for the main study varied slightly across the study sites to 
account for contextual differences. Unlike the Kitui water diaries shown in Figure 
1.2, the Khulna diaries did not have the section for suf�ciency, as quantity of water 
for domestic purposes is not a concern in Bangladesh (Figure A.1). The quantity 
of water used per day could be easily quanti�ed in Kenyan contexts, as households 
generally used the same source for all purposes in a given day, water was mostly 
collected in standard sized jerrycans, and use of water at source, for example, 
washing and bathing at a pond, was rare. However, calculations on consumption 
per capita are aggregate estimates, as part of the water may have been used for 
livestock or house construction purposes. For Khulna, the amount of water could 
only be quanti�ed when fetched from off-site sources such as vended water or 
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pond sand �lter, but not for sources on-site sources such as tube wells and rain-
water harvesting. Hence, while we could estimate �amount of water in litres by 
source� fetched by the four expenditure clusters in Kitui (Figure 4.5), we used 
�proportion of days per month� a given source was used by the four expenditure 
clusters in Khulna (Figure 3.6). For Kitui and Lodwar, the column on �Who col-
lected the water?� included boys and girls as well; however, in Khulna, although 
children accompanied mothers for water collection, their involvement was mini-
mal, and hence, were excluded from the diary chart.

The need for simplicity inevitably restricted the depth of data collected. Firstly, 
while households ticked the type of water infrastructure used, details of the 

Figure A.1  The water diary charts designed for Khulna, Bangladesh, which 
were translated to Bangla. One hundred and twenty households from the southern 
part of Polder 29 participated in the diary study from May 2018 to April 2019. 
Reprinted from Hope and Hoque (2020) under the terms of the CC BY 4.0 license.

Where did your
HOUSEHOLD 
collect water TODAY?

Tick ALL 
that 
apply

Who 
collected 
the water?

How many 
CONTAINERS 
did you 
collect?

How much 
did you pay 
for water 
today?

Where is 
this 
source 
located? 

None

Informal vendor [Van]

Informal vendor [Trawler]

Pond sand filter

Deep

Shallow

Reverse osmosis plant

Rainwater harvesting

Pond

SECTION 1. WATER SOURCES AND PAYMENTS SECTION 2. WEEKLY FINANCIAL EXPENDITURES

Expenditure Items

Food
(food bought for eating)

Farming (crop & livestock)
(fertiliser, tools, traction, seeds,
hired labour, purchase animals, etc.)

Transport
(matatus, piki pikis, petrol, maintenance)

Health
(medicine, doctor fees, soap, etc.)

Education
(school fees, uniforms, books, pens, etc.)

Energy
(electricity, charcoal, kerosene, solar, etc.)

Water for domestic and
productive uses
(cost of water, maintenance of infrastructure)

Others
(building, funerals, weddings, clothes, 
remittances, air-time, etc.)

Total

Expenditure (Tk)
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speci�c waterpoint were not recorded, making it dif�cult to match it with the water 
audit data. In Kitui and Lodwar, for example, participants continued to tick hand-
pump, even when they shifted from one handpump to another due to breakdown 
or fall in water table. In Khulna, there was an additional column on �Where is the 
source located?�, but entries were often ambiguous like �neighbour� or �market�. 
Secondly, we did not ask respondents whether the water was used for drinking 
or other purposes, which was particularly problematic in Khulna where different 
sources were often used on the same day. Third, we did not track changes in the 
number of people living in the house each week, or the livestock herd composition 
and size, which would have affected water use. This was particularly important for 
Kenya, where children often stayed away from home on weekdays or school term 
time, and many adults lived elsewhere from time to time for work.

A.2.2  Sampling and Training Diary Participants

The household survey datasets (see Section A.5) provided the sampling frame for 
the water diaries in Khulna, Kitui, and Lodwar. A subset of the surveyed areas 
was selected for the diary study � southern part of Polder 29 in Khulna, Kyuso 
and Tseikuru wards of Mwingi-North subcounty in Kitui and within the piped 
network area in Lodwar town. Survey data on �wealth status� (poor or non-poor) 
and �concerns for water� (�water is costly�, �water is unsafe to drink� and �others�) 
were used as selection criteria (see Section A.5). �Water is costly� and �Water is 
unsafe to drink� were considered as proxy indicators of affordability and quality 
respectively. A 3×2 matrix was created, allocating 25 households to each of the 
four main categories (Poor + costly, Poor + unsafe, Non-poor + costly, Non-poor 
+ unsafe) and 10 households to each of the two other categories. An additional 30 
households, �ve from each category, were selected for the backup list.

The sampling strategy involved three steps: First, the data was cleaned by 
removing households without at least one contact number and missing geoloca-
tions. Second, the household list by disaggregated by �diary category�, resulting 
in six lists and shape�les. Third, ArcGIS 10.5 was used to randomly select 150 
households from the sampling framework, 30 from each of the �rst four diary 
categories and 15 from each of the last two. The additional 30 households, �ve 
under each category, were part of a backup list used to recruit households in case 
the ones from the primary list refused to participate. In Khulna, given the relatively 
lower costs and more manpower in the local team, all selected households were 
visited in-person, and both husband and wife were invited for a 2-hour training 
session at the REACH Polder 29 of�ce, with transport prearranged by the team. 
The trainings were led by the author (Sonia Hoque) and held in Bangla over six 
sessions March 2018, with groups of 20 households and approximately 40 people 
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in each. In Kitui and Lodwar, the diary trainings were held in May 2018 and led by 
research assistants in the Kikamba and Swahili (and Turkana language), respec-
tively. Households were contacted by phone and one adult member was invited 
from each selected household. If any of the preselected households were unavail-
able or unwilling to attend the training, another household was selected from the 
backup list. Participants were compensated with cash for their time and transport 
expenses.

The trained households were asked to complete a one-week pilot study which 
gave them an opportunity to better understand and practice �lling the diaries. During 
the week, the research assistants visited all households in turn to ensure that par-
ticipants completed the tasks accurately. More importantly, it allowed the research 
assistants to train other household members, such as school going children, where 
the adult participant struggled with literacy. It was vital for the research assistants 
to build a strong rapport with their allocated households � a relationship that kept 
participants motivated over the course of the study and appreciate the value of their 
engagement with research. At the end of the week, the research assistants entered 
the diary data in a digital form programmed in ONA (a mobile data collection plat-
form) for it to be checked by the lead researcher.

A.2.3  A Year of Diary Keeping

The main phase started a week after the pilot phase and continued for 52 weeks�� 
from 28 April 2018 in Khulna, and 31 July 2018 in Kitui and Lodwar. Though we 
invited 120 households for training in each site, the main phase in Kitui and Lodwar 
started off with 115 and 98 households, respectively, owing to non-attendance and 
dropouts post pilot. In Khulna, a couple of households who dropped out post pilot 
were replaced with others from the backup list; hence, the main phase started off 
with 120 households. During the main study, research assistants visited the house-
holds bi-weekly to collect the completed diaries (Figure A.2) and ask follow-up 
questions on any noteworthy events such as health problems, visits by family and 
friends, large purchases or water infrastructure breakdown that may have affected 
their water use and spending behaviour. The data collected was submitted bi-weekly 
through ONA and checked by the lead author regularly so that data-entry errors and 
queries can be addressed promptly. There were two enumerators in Khulna, each 
responsible for 60 households, while Kitui and Lodwar had four enumerators each.

Retention of participants and regular submission of data seemed particularly 
dif�cult for Lodwar, as re�ected by the weekly diary submission data (Figure A.3). 
Lodwar�s harsh climate, dif�cult transport routes, the high mobility of the popula-
tion and the need to visit the same household multiple times, made it challenging 
for enumerators to maintain close contact with participants as often as planned. In 
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Kitui, the large distances between households meant that enumerators could not 
visit all households at the same interval but maintained regular contact with them 
over phone. The dedication and intelligence of enumerators mattered greatly in 
keeping participants motivated, recognising data errors, and responding to data 
queries. It was ensured that all households retained for analysis had at least 35 
weeks of data.

Figure A.2  Water diary sheets �led by household ID and stacked in REACH 
Polder 29 of�ce in Khulna.

Figure A.3  Completed water diaries submitted by week and by number of 
households in Khulna, Kitui, and Lodwar.
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Compensation was critical to keep households motivated for such long-term 
engagement. In Khulna, each household was delivered a packet of essential gro-
ceries (such as cooking oil, rice, pulses, and soap) worth USD 5 at the end of 
each month. The selection of items was based on feedback from the participants, 
ensuring that the needs of women participants were particularly met. In Kitui and 
Lodwar, participants were given store vouchers worth USD 5, as it was logistically 
not possible to buy and transport goods every month.

A.2.4  Data Analysis

The water diaries generated daily data on water sources, amount and payments, and 
week wise data on food, education, healthcare, and other expenses. For analysis, 
monthly totals were calculated for all required variables, adjusting for missing days. 
For example, in Khulna, the proportion of days per month that a household used each 
of the six available water sources (i.e. deep tube well, shallow tube well, pond sand 
�lter, vendor, rainwater harvesting and pond) was calculated, while in Kitui, the total 
volume of water collected over the month was calculated for each of the nine sources 
(i.e. earthdams, hand-dug wells, handpumps, kiosks, dry riverbed scooping, vendors, 
rainwater harvesting, rock catchments, and rivers). Data for missing weeks were sub-
stituted with averages for the weeks available for the given month for that household.

For identi�cation of expenditure groups In Kitui and Khulna, a k-means cluster 
analysis was carried out in IBM SPSS 23 using household monthly water expendi-
tures as the input variable and 4 as the number of clusters. K-means clustering seg-
ments the data in such a way that the within-cluster variation is minimised (Mooi 
and Sarstedt, 2011). Descriptive statistics and plots were used to characterise 
source choices and expenditure patterns of the four identi�ed clusters, which were 
named as high regular expenditure, moderate regular expenditure, no/low expen-
diture, and seasonal expenditure groups, respectively. While there were noticeable 
differences in the wealth status and location of households between the four clus-
ters, these were not statistically signi�cant. In Lodwar, cluster analysis was not 
conducted owing to absence of seasonal or spatial patterns in water source choices 
and expenditures within Lodwar Water and Sanitation Company (LOWASCO)�s 
service area. Similar �ndings were observed in our water diary study in Wukro, 
Ethiopia, a small town with unreliable piped water supply (Grasham et al., 2022).

A.3  River Diaries: Direct Observation of River Use Behaviour in Dhaka

In Dhaka, we designed and implemented a �structured direct observation� study to 
monitor the gender- and age-disaggregated daily river water use practices in rela-
tion to the spatial and temporal variations in water quality risks. Direct observation 
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is an established method in social science research whereby the researcher uses 
a pre-designed questionnaire to collect standardised quantitative information on 
the research subjects in their usual environment without any alterations. Early 
examples of direct observation can be found in the medical anthropology litera-
ture, where researchers observed the patterns of human contact with water bodies 
to evaluate the pathways of schistosomiasis transmission (Slootweg et al., 1993, 
Dalton and Pole, 1978, Dalton, 1976) with more recent applications is monitoring 
handwashing behaviour in rural South Asia (Halder et al., 2010, Ram et al., 2010).

We conducted our study in two phases, inspired from a one-week observation 
study along Tongi Khal led by Villanueva (2016) as part of his MSc dissertation. 
The �rst phase was carried out over an 18-day period in the dry season (9�26 
February 2019) which coincided with the Bishwa Ijtema held in two groups of 
three consecutive days. The second phase was conducted for a 15-day period in the 
wet season (20 August�3 September 2019). We selected ten observation points, 
two of which were in Zone-1, seven in Zone-3, and one in Zone-4. The site selec-
tion involved multiple scoping visits to the household survey areas to identify 
spots with observable river use activities, as well as ensuring spatial distribution, 
diversity of river interactions, accessibility and security for �eld team, and align-
ment with river water quality monitoring points. Zone-2 was excluded as we did 
not �nd any interactions with the river during our scoping visits, as the short river 
branch �owing through the bottom part of Zone-2 remains dry for part of the year. 
During analysis, as shown in Figure 2.5, we merged results from the ten observa-
tion points into six sites in three zones, namely, Konabari (Zone-1), Ijtema �eld, 
Tongi slum, Abdullahpur and Railway Bridge (Zone-2) and Mausaid (Zone-3).

Each observation day comprised three-hour slots: 7�10 am (morning); 10.30�
1.30 pm (midday); and 2.30�5.30 pm (afternoon) during which enumerators 
recorded their observations in an electronic form in a tablet, whereby an �observa-
tion� is de�ned as any activity conducted by an individual or group visible within 
the enumerator�s �eld of view. Thus, each slot comprised several observations, 
with each observation including one or more activities. Over the 33 study days, 
we recorded about 7,900 observations for 852 slots. River users were visually 
categorised as children and adolescents (less than 16�years of age) and adults, as 
male and female, and also as groups and individuals. Differentiation of age was 
based on enumerators� judgment; some adolescents and young adults may have 
been misclassi�ed. Activities were listed as drinking, food washing, water collec-
tion, dish washing, laundry, washing oneself, bathing, using hanging latrine, open 
defecation, urination, �shing, swimming, boating, and other. These activities were 
listed as multiple-choice questions, as multiple tasks were often conducted by dif-
ferent individuals in a group. Enumerators were given clear guidelines for certain 
activities; for example, if �shing was done on a boat, the activity was recorded 
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as �shing and not boating. Enumerators also took a photo for each observation, 
following approved ethical guidelines, which were inspected by the lead author to 
resolve issues in data entry.

A.4  Diaries as Part of Interdisciplinary Research

The water diaries in each site were complemented by a suite of social and bio-
physical research methods depending on the broader research objectives of the 
REACH Programme. The methods outlined (Figure A.4) are those relevant for the 
data presented in this book, and not necessarily capture the full extent of the work 
in each site.

A.4.1  Cross-sectional Household Surveys

Household surveys were among the �rst study tools we administered in each of our 
sites to understand the types and distribution of water risks across households. The 
questionnaire was designed to gather baseline data on sociodemographic pro�le, 
asset ownership, housing structures, access to water and sanitation facilities, and 
development concerns/ priorities, with minor contextual modi�cations for each 
site. Between October 2017 and February 2018, we surveyed about 7,000 house-
holds across our four sites � Polder 29 in Khulna district, along the Turag River 
and Tongi Khal in Dhaka and Gazipur districts, Mwingi-North subcounty in Kitui 
county, and Lodwar town and its peripheral areas in Turkana county. An addi-
tional 2,000 households were surveyed in Polder 23 of Khulna district in January�
February 2020.

Household selection ensured uniform spatial representation either through 
strati�ed random sampling or through random transect walks. For example, in 
Dhaka, we covered all settlements within 1�km buffer zone along the river, using 
a random walk method to select every 10th household within each settlement. 
In Khulna, where mouza level (Tier 5 administrative boundary) census data was 
available, a strati�ed random sampling method was used to select 10 per cent of 
households from high-risk mouzas and 5 per cent from low-risk ones on Polder 
29. The surveys were conducted in the local languages on ONA data collection 
platform via locally recruited enumerators, trained and supervised by research-
ers at our local partner institutions. Data from these surveys are illustrated in 
Figures 3.4 and 5.3, showing the main sources of drinking water in Polder 29 and 
Lodwar town, respectively.

The survey datasets provided the sampling frame for the water diaries in 
Khulna, Kitui, and Lodwar, with data on �wealth status� (poor or non-poor) and 
�concerns for water� (�water is costly�, �water is unsafe to drink� and �others�) 
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Figure A.4  Timeline of water diaries and complementary methods across the four sites in Bangladesh and Kenya.
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being used as selection criteria. Wealth status was generated through princi-
pal component analysis of selected variables on education, housing structures, 
durable assets, and possession of consumable goods (for Kenya only). The fac-
tor loadings of the �rst principal component served as the weights of selected 
asset variables, while and the factor scores were regarded as the wealth index of 
each household. The median value was used to categorise households into �poor� 
and �non-poor� categories. During the survey, households also ranked their top 
three development priorities amongst 13 options that included healthcare, edu-
cation, roads, water services, and �ood protection amongst others. Those who 
expressed concerns about drinking water services were further asked to charac-
terise their concerns in terms of quality (unsafe), quantity (insuf�cient), afford-
ability (costly), and reliability.

A.4.2  Interviews

A sample of the diary households, 20 in Khulna and 15 in Kitui, were interviewed 
in February 2019 by the lead researcher (Sonia Hoque) to gain further insights into 
the drivers of recorded water choices. The quantitative diary data on household 
water choices and expenditures, for the number of weeks completed before the 
interviews, were used to select the households and guide the interview questions 
and discussions.

In Lodwar, the interviews were intended to understand how households navi-
gate the dual risks of �ash �oods and unreliable or unavailable water services, and 
the challenges of relocating to peri-urban areas. Interviews involved in-depth nar-
ratives of the respondents� life histories, exploring their experiences of droughts, 
con�icts, or migration, their family dynamics, and income generating activities to 
better situate their water-related decisions within the broader struggles of daily life. 
Thirty-seven households from eight villages were interviewed in July and August 
2021 by two local research assistants, who were recruited and trained remotely by 
the lead author. The villages were selected purposively to represent those affected 
by �ash �oods and those that the �ood victims migrated to. While selecting house-
holds within each village, the research assistants ensured spatial representation, 
though in some instances, participant recruitment depended on availability during 
the time of visit. The interviews were conducted in the local language, with the 
research assistants taking written notes that they later translated and transcribed. 
In addition, a short, structured questionnaire was used to collect data on the house-
hold�s sociodemographic pro�le at the end of each interview.

In Dhaka, interviews were conducted to understand the impacts of pollution 
exposure through monsoon �ooding. Following exploratory visits, two sites were 
selected � a peri-urban community in Islampur along the Turag River and a rural 
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community in Hazratpur, a few downstream of the Savar tannery estate along the 
Dhaleswari River. Ten interviews were conducted in each site by a research assis-
tant in March 2023.

A.4.3  Water Infrastructure Mapping

One of the major drivers of source choice is the availability of waterpoints and 
their associated characteristics, such as distance, water quality, reliability, and 
costs. Water supply infrastructure was mapped in Khulna, Kitui, and Lodwar in 
multiple phases, recording the location, technical speci�cations, water usage pat-
terns, and operation and maintenance information.

In Khulna, the water infrastructure audit comprised four components: (1) sur-
vey of all public and private tube wells in the southern half (high salinity area) 
of Polder 29 and Polder 23 (n�=�5,707) (illustrated in Figure 3.2), and a selected 
sample in the northern half (low salinity area) of Polder 29; (2) a survey of all 
non-tube well sources including small piped schemes, ponds sand �lters, rainwater 
reservoirs, community ponds and desalination plants in Polders 29 (illustrated in 
Figure 3.4) and Polder 23; (3) survey of all desalination plants in entire Paikgachha 
upazila (within which Polder 23 is located) and Dacope upazila; and (4) survey of 
all piped water schemes in Khulna district, excluding Khulna city corporation. The 
respondents were either owners or managers of these waterpoints, and provided 
data on the location, capital investments, source of funds, ownership, installation 
date, functionality, technical speci�cations, user payments, and management of 
the water infrastructure.

In Kitui, a total of 3,126 water supply infrastructure and unequipped sources 
were mapped over two phases, starting from Mwingi-North subcounty in August 
2016, and extending to the entire Kitui county in November�December 2017. The 
combined survey covered 687 hand pumps, 460 piped schemes, 655 sand dams, 
613 earth dams, 268 shallow wells, 89 rock catchments, 28 springs, and 52 incom-
plete boreholes, with a questionnaire similar to the one in Khulna though with a 
greater emphasis on breakdown and repair events.

Waterpoints in Lodwar were partially mapped by different researchers at dif-
ferent times and the data from these exercises were combined to illustrate the 
distribution of water supply infrastructure in the town (see Figure 5.6). The loca-
tion of LOWASCO boreholes, piped network and kiosks were �rst mapped in 
June 2017 as part of Maxwell et al. (2020)�s MSc dissertation, followed by inter-
views with owners or managers of selected waterpoints in June 2021. The latter 
was intended to complement the in-depth household interviews in eight villages 
discussed earlier, covering seven functional LOWASCO kiosks, six water tanks 
owned by the county government or by private enterprises, and two handpumps. 
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For non-functional waterpoints, which included four handpumps, four kiosks, and 
three tanks, only the GPS coordinates and photos were recorded. This dataset was 
further updated during a �eld visit in February 2022 and separate infrastructure 
audit conducted in selected urban, peri-urban, and rural areas in Turkana Central 
subcounty in June 2023.

A.4.4  Tracking Waterpoint Expenditures and User Payments

Household water source choices have signi�cant impacts on revenue collection for 
different water supply infrastructure and the ability of waterpoint managers to pro-
vide reliable operation and maintenance services. We trained owners or managers 
of 16 waterpoints in Khulna to keep records of all user payments and operation 
and maintenance expenses for a year from September 2019 to August 2020. These 
included four motorised tube wells used by water vendors, one piped water scheme, 
ten pond sand �lters, and one reverse osmosis plant In Polder 29 (refer to results in 
Section 3.4). All managers were provided with logbooks and compensated for their 
time, with regular visits by �eld of�cers to monitor the data collection process.

A.4.5  River Water Quality Monitoring

A water quality monitoring system was developed and implemented by our col-
leagues at BUET to analyse the spatial and seasonal changes in the health of Greater 
Dhaka�s River systems between 2017 and 2021. This involved two sub-studies � 
(1) monthly monitoring of physiochemical parameters, starting from the Turag 
River and Tongi Khal in 2017 and expanding to 58 sampling points covering the 
entire watershed in 2020�2021; (2) analysis of 18 heavy metals and biotoxicity at 
22 sampling points in December 2017 and January 2018.

For the �rst sub-study, samples were collected from a boat at 2 m depth, fol-
lowed by �eld analysis of temperature, pH, dissolved oxygen, oxidation-reduction 
potential, electrical conductivity, and total dissolved solids using portable meters. 
Laboratory analysis was conducted for colour, alkalinity, dissolved organic car-
bon, ammoniacal nitrogen, nitrate, phosphate, iron (ferrous), chloride, sulphate, 
and sulphide ions, and pathogens (total coliforms and E. coli). To present the rela-
tive changes in river health over monsoon, post-monsoon, and dry seasons in 2019 
and 2020 (refer to Figure 2.3), a Water Quality Index was calculated for each of 
the river reaches using the method adopted by the Canadian Council of Ministers 
of the Environment. The index comprises 15 parameters, namely temperature, pH, 
electrical conductivity, dissolved oxygen, oxidation-reduction potential, turbidity, 
colour, alkalinity, iron, ammonia-nitrogen, nitrate, phosphate, sulphide, sulphate, 
and chloride.
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For the second sub-study, concentrations of heavy metals were analysed at the 
Department of Earth Sciences, Oxford University through Inductively Coupled 
Plasma Mass Spectrometry. The heavy metal data was used by Oxford Molecular 
Biosensors to develop bacterially derived sensors to detect the bioavailability of 
speci�c chemicals and their overall cell damage toxicity (see Rampley et al., 2019).

A.4.6  Drinking Water Quality Analysis

Water samples were analysed for chemical and microbial contamination for water-
points mapped in Khulna and Kitui. In Khulna, the electrical conductivity was 
measured in-situ for all functional tube wells using portable meters during the 
water infrastructure mapping in Polder 29 and Polder 23, covering 6,289 public 
and private tube wells (see Figure 3.2). Along with data on tube well depth, these 
salinity values were used to analyse the local hydrogeology, in terms of aquifer 
availability and groundwater quality (see Akhter et al., 2023). In Polder 29, a sam-
ple of 97 waterpoints, comprising deep tube wells, shallow tube wells and pond 
sand �lters, were selected to understand seasonal variations in water quality across 
different infrastructure types. Water samples were collected by trained staff from 
icddr,b in January 2020, June 2020 and March 2021 and tested for arsenic, manga-
nese, chlorides and E. coli, as shown in Figure 3.7.

In Mwingi-North subcounty, a water quality monitoring study was designed to 
assess the perceptions of drinking water safety and responses of waterpoint man-
agers to detection of chemical or microbial contamination (refer to Nowicki et al., 
2022). Between December 2019 and November 2020, water samples were col-
lected monthly from 79 water sources, including 12 handpumps, 52 piped ground-
water taps, from 25 schemes (including 10 mixed tanks with rainwater collection), 
3 earth dams, 5 open wells, and 7 piped surface water taps from 4 schemes. These 
were analysed for chemical (pH, conductivity, turbidity, �uoride) and microbial 
(E. coli and total coliforms), of which the results for conductivity and E. coli are 
displayed in Figure 4.4 for selected waterpoints.

A.5  Water Services in Rural Schools in Khulna and Kitui

A total of 1,887 primary and secondary schools in Kitui County were surveyed 
in September�October 2019 (Hope et al., 2021b), followed by a similar survey 
of 1843 government, private and religious schools in Khulna district in March�
April 2022. The surveys were aimed to understand the state of water services in 
schools, with details on technical speci�cations, repair and maintenance activi-
ties, water safety, and funding and expenditures for all water supply sources used. 
Standard questions on sanitation and hygiene by the Joint Monitoring Programme  

https://www.cambridge.org/core/terms. https://www.cambridge.org/core/product/F74A7CC023F4CABC8DE2B5436342701F
Downloaded from https://www.cambridge.org/core. IP address: 18.97.14.82, on 14 Dec 2025 at 05:20:15, subject to the Cambridge Core terms of use, available at



122	 Appendix: Making of the Water Diaries

(WHO/UNICEF, 2018) were also included to obtain a comprehensive baseline of 
water, sanitation and hygiene facilities. In Bangladesh, the survey also involved 
sanitary inspection of drinking water infrastructure. Data from the school survey in 
Bangladesh informed the projection of costs and logistics for scaling up SafePani 
from the pilot unions to the entire district. The Kitui survey involved 26 enumer-
ators, trained and supervised by a locally based research manager. The survey in 
Khulna was conducted by a team of 70 enumerators, coordinated by �eld manag-
ers based at the REACH Polder 29 of�ce and remotely supervised by the author 
(Sonia Hoque). Both surveys were conducted in ONA data collection platform 
using tablets and mobile phones.
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