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Abstract Dhaka, the capital metropolis of Bang-
ladesh, is burdened with huge population and
unplanned urbanization. It is facing huge challenge
to provide city-wide water connection due to the
declination of groundwater resources, pollution of
surface water sources, and poor governance. The
low-income communities (LICs) in the city suffer
the most due to the absence of formal water sup-
ply. This study assesses the right to water of the urban
poor in three select slums of the city. It dissects the
issue from four broad perspectives: economic bur-
den of water, sociopolitical constraints to attain the
right to water, climate change led potential aggrava-
tion to the right, and prevailing policy environment
to protect the right. It also assesses the implications
of the non-fulfilment of right to water on the water
security of the urban poor. The study collects primary
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data using a mixed-method approach, and secondary
data from government organizations and dynamic
downscaling of regional climate model. The findings
indicate that dealing with high water price with low
income creates extra financial burden for the poor
families resulting in high gender inequality. This ine-
quality varies with hydroclimatic extremity and prob-
ability of eviction of the slums. The right to water of
the urban poor, especially the slum women, would be
greatly impacted by the potential climate change. The
existing water and climate change policies in Bang-
ladesh fail to address the right to water issues of the
urban poor due mainly to the absence of implemen-
tation protocol. The findings would be useful in for-
mulating policies to improve water supply to LICs in
Bangladesh and elsewhere.

Keywords Urban poor - Right to water -
Affordability - Water security index - Gender -
Government policy - Climate change

Introduction

Water is a basic need for human life. In fact, it is the
second most important resource, after air, for human
survival. Therefore, access to sufficient, safe, accept-
able, physically accessible, and affordable water for
personal and domestic uses is considered a human
right (United Nations, 2002). This notion has become
prominent since the establishment of basic water

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



3184

GeoJournal (2023) 88:3183-3204

requirements (United Nations, 1977). The key aspects
of the right to water have also been identified to create
the ground for common understanding, as the percep-
tion on the right to water can vary across the nations
and stakeholders. These key features include entitle-
ment, sufficiency and continuity of supply, safe and
acceptable water quality, accessibility, and affordabil-
ity for all (United Nations, 2010). The obligations for
meeting such requirements are clarified by the Human
Rights Council (COHRE et al., 2008). Several coun-
tries, namely the Democratic Republic of the Congo,
South Africa, Bolivia, Uganda, Ecuador, and Uru-
guay, have directly protected such right through their
national constitutions. Some other countries, such as
Maldives, Algeria, and Sri Lanka, have formulated
policies and legislations to outline the responsibilities
of the State in ensuring the access to water and sani-
tation for all the citizens.

To ensure the right to water in a city, the establish-
ment for the right to the city itself has also been advo-
cated. The citizens’ rights to tenure, own property
and recognition of their basic needs are suggested to
be included in the city fabric. In a recent follow-up,
the New Urban Agenda has been adopted incorporat-
ing the sustainable development goals (SDGs) and
keeping the right to city at its heart (United Nations,
2016). The right to water as a component of the right
to city and citizenship is clearly outlined in the Sth
and 6th thematic areas of the agenda, titled respec-
tively “Urban Ecology and Environment” and “Urban
Housing and Basic Services”.

The right to water not only means access to water,
but also includes the technology and infrastructure
needed for transporting water, deciding the location
of water points, and establishing the right to water
as a resource (Boelens & Zwarteveen, 2005). The
“World Charter on the Right to the City” addresses
the right to water for all urban inhabitants, regard-
less of their income, power, gender, ethnicity, and
religious orientation (World Urban Forum, 2004).
Also, in the New Urban Agenda, emphasis is put on
the just distribution of water resources among all citi-
zens regardless of gender, social status, ethnicity, reli-
gion, and other aspects of diversity (United Nations,
2016). Thus, the development models must be pro-
poor to ensure their right to water in terms of technol-
ogy, income, and power (World Urban Forum, 2004).
Moreover, equal participation of men and women in
water management, collection, and decisions related
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to the installation and maintenance of water points is
needed to promote gender equality and social justice.

In the context of Bangladesh, the national consti-
tution does not directly declare the right to water as
a basic human right. However, the National Water
Policy advocates for the right to water for all, and
defines the State’s responsibilities to ensure such
right (Ministry of Water Resources, 1999). The rights
declared in the policy are protected in the Water Act
(Government of Bangladesh, 2013). The complexities
in the operationalization of the right to water required
further specifications in legislation, and therefore,
the Water Rules (Government of Bangladesh, 2018)
was adopted. The Dhaka Water Supply and Sewerage
Authority (DWASA) has adopted a long-term water
master plan, which is also committed to ensure water
for all and is inclusive of the urban poor (DWASA,
2014). There are some other national policies, plans
and regulations linked to the right to water for the
people regardless of their socio-economic status and
gender.

It thus appears that there are a good number of
international and national policies and legislations to
support the right to water. However, it is not known
how far such right has been achieved, particularly by
the low-income communities (LICs) living in cities of
the developing countries. Moreover, it is not known
how the economic and social disparities as well as
the governance regimes in the LICs interplay with the
right to water of the urban poor. The social and eco-
nomic constraints could lead to the violations of the
right to water for the urban poor and play a signifi-
cant role in deteriorating their water security. How-
ever, such water security of the LICs have not been
investigated, though it could be assessed using the
water security index (WSI), which encompasses the
social, economic and environmental dimensions of
water, and covers the water availability, accessibility,
affordability, quality and sanitation issues. Moreover,
the potential implications of climate change on water
demand and the right to water of the impoverished
urban population are also not well documented.

Dhaka, the capital of Bangladesh, is the 11th
largest (United Nations, 2018) and 4th least livable
(EIU, 2021) city in the world. Rapid urbanization
and population growth, along with gradual declina-
tion of groundwater and pollution of surface water
sources, have made the city vulnerable to insecure
water supply (Moshfika et al., 2022). About 50% of
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its population live in slums and squatter settlements
compounded with poverty (Akhter & Ahmad, 2021).
The total number of slums in the city is more than
5000 (World Bank, 2017). Water and sanitation ser-
vices are generally poor and expensive in the slums
(Kashem & Mondal, 2022; Rahaman & Ahmed,
2016). The slums are often left out from the legal
water supply. It is also not known how such poor ser-
vices and high prices of water impact women differ-
ently than men.

Climate change is likely to further threaten these
urban LICs, especially women, as it would increase
the water requirement, and adversely affect the water
resources at local and global levels (UN Water,
2010). Despite strong commitments for mitigation
and adaptation efforts to climate change in the Paris
Agreement (United Nations, 2015), the water-related
sufferings of the poor would increase till the ongo-
ing temperature rise is arrested. Though there are
many studies on changes in climatic variables over
Bangladesh using measured and model-projected cli-
mate data (CCC, 2009; CDMP, 2013; IWEM, 2022,
Mondal et al., 2020), the studies focusing on climate
change impacts on LICs are few (Jaren & Mondal,
2021; Mehzabin & Mondal, 2021). Climatic trend
and variability, particularly in temperature, could
affect water requirement, quality, distribution and
price, leading to disproportionate economic and
health impacts for the urban poor. The notion of right
to water as a basic life and livelihood need may be
jeopardized further due to climate change. However,
these issues have not been investigated so far, particu-
larly in the context of Bangladesh.

Literature review

Water has been characterized in a variety of ways
over time and space, including as a public resource,
a common pool resource, a flux or flow resource, a
non-replaceable resource, and an economic good
(Brown et al., 2016). The right to water guarantees
public ownership as well as ensures equal access,
non-discrimination, fair prices based on affordabil-
ity, prevention of abuse by the private sector, equity
in legal changes, and accountability (Prieto, 2021).
Though the right to water is now widely acknowl-
edged at the international level as well as the national
level in many countries, there are frequently ongoing

practical challenges in providing this right to all resi-
dents (Mirosa & Harris, 2012). Consequently, this
fundamental right is not always ensured for the low-
income slum residents. However, there are about one
billion people who live in urban informal settlements.
The world is also currently not on track to achieve the
United Nations’ Sustainable Development Goal num-
ber six, which seeks to ensure availability and sus-
tainable management of water and sanitation for all
by 2030 (Adams et al., 2022).

India has the largest slum population in the world.
Out of 4041 statutory towns of the country, 2613
have slums, and the total slum population is over 65
million. Mukherjee et al. (2020) studied water secu-
rity in the slums of Kolkata. Almost one-third of the
urban population of Kolkata live in slums, and major-
ity of them collect domestic water from standposts.
About one-fifth of the slum households lack bath-
ing facilities and two-fifths lack latrine facilities. In
consequence, they experience deprivations and risks
associated with water insecurity. The water insecu-
rity in this study was assessed only from domestic
water, sanitation and hygiene perspectives. Adams
et al. (2022) studied the women’s daily struggles for
water in informal settlements in the Blantyre city of
Malawi. Women were found to experience a high
level of water insecurity, and water fetching was a
significant time burden for them. Moreover, they were
exposed to many risks related to physical terrain,
social conflicts, and built environment. The study was
based on qualitative data from walking interviews
and audio-video records of 25 women participants.
In Kibera, one of the largest slums in Africa, the
female slum dwellers faced a myriad of challenges
to access the water and sanitation services (Odeny,
2020). Gender inequalities among the families were
blamed for the limited access to water and sanitation
for the women. Gender-responsive policies and laws
in relation to water and sanitation were suggested to
be framed for a positive effect on the female slum
dwellers.

Wagle (2022) studied the institutional appropria-
tion of the right to water for the unprotected slum
dwellers in Mumbai, India by the High Court at
Bombay as well as by the Municipal Corporation of
Mumbai. The study found that, due to narrow and
selective interpretations and executions of the right to
water by these two organizations, securing water jus-
tice for the two million poor was adversely affected.
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Establishment of separate mechanisms to monitor and
enforce the court directives by the executing agency
was proposed to improve the situation on the ground.

In a study on water vending in an informal set-
tlement of Nairobi, Kenya, Sarkar (2020) found that
the poorer slum dwellers were more disadvantaged
regarding water access and paid much more to get
water. In addition, the dwellers did not receive much
help from the vendors in terms of timing of water
delivery, choice of payments, or frequency of pay-
ments. Thus, there was a major procedural injustice
in water vending in the largest slum in Nairobi that
Sarkar studied. In another study on 23 squatter settle-
ments of Cochabamba, Bolivia (Wutich et al., 2016),
it was found that grave injustices persist in unregu-
lated informal water markets. The study underscored
the need for community-based innovations in water
delivery through community-vendor contracts, over-
sight boards, and community-owned water trucks and
storages.

About 50% of the population of Dhaka city live in
poor urban settlements. Haque et al. (2020) examined
the quality of and access to water and sanitation ser-
vices in the slums of Dhaka city. The water and sani-
tation services were reported to be provided mostly
by the non-regulated providers, and the local land-
lords or middlemen played a large role in the instal-
lation and management of the facilities. In another
study on a large slum of Dhaka city, Rahaman et al.
(2021) assessed the drinking water, sanitation and
hygiene service access levels. Only 33% of the popu-
lation had access to safely managed drinking water
services, and only 1.2% had access to safely managed
sanitation services. About 20% of the population in
Khulna city is slum dwellers. The slum residents in
the city faced substantial water scarcity, inadequate
drainage system, and a lack of toilets, tubewells and
bathing facilities (Khan, 2022). These created a major
concern, particularly for women. In another study
(Akther & Ahmad, 2022), livelihoods of two slum
communities in Dhaka city were found to be vulnera-
ble in normal situation and the vulnerability increased
further in stressed situation, such as urban flooding.
Different livelihood assets were found to be intercon-
nected, and hence, the negative impact of a hydro-
climatic event on one asset, such as health, adversely
affected other assets, such as financial capital.

From the review of above literature, it appears
that some challenges in accessing, affording, and
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managing safe water resources in different cities in
South Asia, Africa and South America as well as
some statistics on access to water and sanitation have
been presented. However, an in-depth assessment of
the right to water for the low-income people and its
socioeconomic implications has not been conducted
yet. Since one-eighth of the global population still
lives in slums and squatters, there is an absolute
necessity to investigate their right to water situation
and suggest the potential policy and institutional
measures to improve that.

Materials and methods
Study areas

The study was conducted on three select slums of
the Dhaka city, the capital metropolis of Bangla-
desh. With the massive growth of urbanization, the
Dhaka city is facing an enormous increase in the poor
migrant population (Biswas et al., 2019; Hasan, 2019;
Igbal et al., 2017; Sohel et al., 2017). These migrants
settle in vulnerable locations, such as slums, of the
city. The life and livelihoods of these impoverished
people are burdened with a lack of access to basic
utility facilities and services. To better understand
the right to water situations of these urban poor, we
selected three slums, namely the Korail, Baganbari
and Tejgaon slums, for detailed investigations. These
three slums were selected after reconnaissance visits
to eight slums further including the West Vasantek
LIC, Paris Road slum, Boubazar slum, Kolabagan
slum and Baroikhali slum. The last three slums are
located in the Dhaka South City Corporation (DSCC)
and others in the Dhaka North City Corporation
(DNCC). The prevailing water supply system (legal
or illegal), presence of environmental hazards (urban
flooding or poor water quality) and demographic
diversity were taken into consideration while select-
ing the slums. Figure 1 presents the locations of the
study slums in the Dhaka city. It is to be noted that
the Dhaka city was divided into two corporations for
administrative conveniences a few years back. The
characteristics of a slum in the city do not depend on
whether it is in the north or south. For example, the
Baroikhali slum in the DSCC has a legal water supply
like the Korail and Baganbari slums in the DNCC.
Moreover, the water supply and sanitation services in

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



GeoJournal (2023) 88:3183-3204 3187

Legend

Informal Settlements

7 pNec wards
[ pscc wards

(@) (b) (c)

Fig. 1 Locations of the study slums in the Dhaka city: a Korail, b Baganbari, and ¢ Tejgaon (Adapted from World Bank, 2017)
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both the corporations are provided by a single entity
(DWASA).

Of the select three slums, the Korail slum is much
larger than the Baganbari and Tejgaon slums in terms
of area, number of households and population cover-
age (Table 1). The Korail and Baganbari slums also
represent the legal water connection from DWASA,
while the Tejgaon slum represents the illegal water
connection. In addition, the Baganbari slum has an
urban flooding problem, and the Korail and Bagan-
bari slums have water quality issues.

Methods and data

The right to water of the urban poor is linked with a
number of economic, social, environmental and gov-
ernance factors. A conflicting situation arises within
the poor communities when water scarcity becomes
severe. The changing climate increases the scar-
city of water for the urban poor as the water demand
increases. In addition, it becomes tough to afford
the cost of utilities for the poor people with their
low income in most cases, as attaining a decent job
is difficult. Furthermore, the forced eviction upholds
the tenure insecurity in the slums. This is one of the
key sociopolitical factors that prevent from legaliz-
ing water services, leaving loopholes that the water
mafias (local goons, who work as middlemen or pri-
vate vendors) exploit to increase the price of water
(Haque et al., 2020; Rahaman & Ahmed, 2016; Sul-
tana, 2020). Being the water manager of every house,
women become the worst victim of these water issues
(Ahlers & Zwarteveen, 2009; Figueiredo & Perkins,
2013). Therefore, this study is built on the interre-
lationships of the right to water with its economic,
social, environmental and governance dimensions. A
conceptual framework depicting such relationships
among different factors is given in Fig. 2.

As shown in the figure, the study builds on the eco-
nomic, sociopolitical, hydroclimatic and policy-gov-
ernance constraints that impede to attain the right to
water, and also addresses the level of water insecurity
in the slums due to such constraints. Under each cat-
egory of constraints, one or two representative indica-
tors are chosen to evaluate the constraints (Table 2).
The core domestic water uses, such as drinking, cook-
ing and bathing, are considered to be lifeline uses and
should be priced within the affordability range of the
families. Also, it is socially unjust and unethical if an
LIC is charged a higher rate than an affluent commu-
nity in the formal settlement. Thus, for the economic
constraint, the selected indictors are the affordability
of the slum dwellers and the gap in water price in
the slums with the formal water supply. If scarcity
of water arises in a community, it impacts the gender
relation. The forced eviction is a key barrier to offer a
formal water supply in the slums. Therefore, for the
sociopolitical constraint, the existing gender inequal-
ity in the slums and the chances of eviction of the
slums are considered. The rise in temperature directly
or indirectly increases the domestic water need.
Hence, as hydroclimatic constraints, the potential rise
in temperature and the increase in water demand are
considered. National policies, strategies, plans and
acts provide an enabling environment in which dif-
ferent organizations and institutes work. Therefore,
the potential gaps in the current policies and plans in
Bangladesh were identified and were considered as
lack of enabling environment in attaining the right to
water. Thus, a total of seven indicators were selected
to evaluate the constraints towards gaining the right to
water in the three slums.

This study follows a mixed-method approach to
analyze the status of the right to water of the urban
poor in the present as well as future contexts. It com-
bines a conventional household survey with a number

Table 1 Basic

e Characteristics Korail Baganbari Tejgaon

characteristics of the three

select slums of the Dhaka Location Ward nos. 19 and 20 Ward no. 4 of DNCC Ward no.

city. Source of data: BBS of DNCC 25 of

(2015) DNCC
Area 40.46 ha 1.01 ha 1.98 ha
No. of households 18,000 350 455
Population 59,516 1734 1820
Type of water connection Legal Legal Illegal

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



GeoJournal (2023) 88:3183-3204

3189

Sub-standard
employment
and salary

\—— Poor income

# Low affordability

Eviction

Insecure land
tenure

Unauthorized
water supply

\—‘ Water price

I

Reduced access to
water

Rising temperature

Increasing water
requirement

\_‘ Climate
change

impacts

Economic Unrecognized
burden of water needs
water
Patriarchal water
Right to order
water of
urban poor Gt
political
impacts

Water conflicts

Fig. 2 Conceptual framework of the study depicting the relationships of the right to water with different pertinent variables

Table 2 Indicators selected for evaluation of constraints in
attaining the right to water for the urban poor

Constraints Evaluation indicators
Economic Affordability of the slum dwellers
Price gap with formal water supply
Sociopolitical Gender inequality
Chance of eviction
Hydroclimatic Change in temperature
Increase in water demand

Policy-governance Gaps in policies and governance

of participatory tools to collect the necessary primary
data and information. A set of questionnaires were
prepared before conducting the household survey to
collect data on income, expenditure, water use, unit
price of water, expenditure on water, impacts of cur-
rent price on water use, health and sanitation, etc.
(see Supplementary Information). The questionnaires

were pre-tested in the slums before finalization and
administration. A stratified random sampling tech-
nique was followed by segmenting each slum into a
few smaller strata by location. Then from each stra-
tum, the households were selected randomly from
a household list. A statistical calculation with 90%
confidence level, 10% margin of error, 75% standard
deviation (population proportion) and finite popu-
lation correction indicated a sample size of 51, 44
and 46 for the Korail, Baganbari and Tejgaon slums,
respectively (Sufian, 2009). A total sample size of
150 with 50 respondents from each slum was ulti-
mately selected. Thus, the sampling ratios were 0.3%,
14.3% and 11.0% for the Korail, Baganbari and Tej-
gaon slums, respectively. The survey respondents
were both males and females aged mostly between 20
and 40 years. The education level of the respondents
was low (secondary or below).

The household survey was supplemented by a
qualitative analysis of narratives and quotations and
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data from in-depth interviews (IDIs), focus group dis-
cussions (FGDs) and key informant interviews (KIIs)
to better understand the right to water conditions and
the underlying reasons for such conditions in the
select slums. The study employed 9 FGDs (3 from
each slum), 12 IDIs (4 from each slum), 3 KlIs, and 3
pair-wise rankings of water problems (one from each
slum). The numbers of FGDs and IDIs were decided
based on sequential sampling, i.e., targeting satura-
tion of gathered information (Neuman, 2014). The
diversity of the tools used and the number of samples
gathered indicate a good representation of the select
slum dwellers if compared with sample sizes of simi-
lar studies. For example, Khan (2022) collected data
from the climate migrants of slums in five wards of
the Khulna City Corporation in Bangladesh with only
4 KlIs and 9 FGDs. Several visits to the slums in the
years of 2020 and 2021 were made to gather the data.

The study started with the identification of the
problems and knowledge gaps regarding access,
affordability, eviction, gender, temperature rise, water
demand and water pricing mechanism in the slums by
reviewing relevant literature. Then it gathered infor-
mation on the prevailing water problems in the slums
using transect walks. Pair-wise rankings of the prob-
lems were made to identify the dominant problems
in each slum. Based on the identified problems and
contextual findings in each slum, a semi-structured
checklist was prepared. After that, FGDs with the tar-
get groups were carried out to understand the slum-
specific water distribution systems and gather more
information on the prevailing water issues. The FGDs
also helped understand the economic burden of the
water utilities, and the sociopolitical constraints in
attaining the right to water. Then IDIs with the slum
dwellers were conducted to obtain further insights
on their struggles for water. The IDIs were con-
ducted with both men and women (two males and two
females from each slum) to identify the differences in
their opinions and to understand the gender inequality
better. To understand the social and political aspects
further, the study also employed three KlIIs with an
official of the LIC Unit of DWASA, an official of a
non-governmental organization (NGO), and a mem-
ber of a community-based organization (CBO). Quo-
tations were used to contextualize the findings on the
right to water.

To understand the adverse effects of climate
change on the right to water in the present and future,
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analyses were done for the years of 1953-2020 with
the observed data, and projections were made for
the years 2021-2100 with the modeled data for the
core city area. The analyses were done mainly for
temperature as it is directly linked with the right to
water at the household level. The observed daily data
were collected from the Bangladesh Meteorologi-
cal Department, and the projected future data for the
Representative Concentration Pathway (RCP) 4.5
(moderate climate change) and RCP 8.5 (extreme cli-
mate change) were collected from the Coordinated
Regional Climate Downscaling Experiment. The
latter data were downloaded from the online portal
of the World Climate Research Program. The data
from the Rossby Center regional atmospheric model
(RCA4) was used in this study as this model data has
recently been used in the Bangladesh Forest Master
Plan 2017-2036 (Bangladesh Forest Department,
2016). However, the downloaded data per se could
not suffice for the local scale needed. Hence, bias
correction on the data was done using the following
variance scaling equation (Fang et al., 2015; Mendez
et al., 2020):

Tcor,m,d —H (Traw,m) . (

Twr,m,d = Tobs,m) + Iu(Tobs,m)
G(me,m)
(0
where T, 4 is the corrected temperature on the dth

day of mth month, T, . ; is the raw temperature on
the dth day of mth month. p(.) and o (.) represent the
expectation and standard deviation operators, respec-
tively. The subscripts ‘obs’ and ‘raw’ refer to the
observed and raw data values, respectively.

The adequacy of the bias correction was checked
with the Coefficient of Determination (R?), Percent-
age Bias (PBias), Nash—Sutcliffe Efficiency (NSE),
Mean Absolute Error (MAE) and Root Mean Squared
Error (RMSE). The CMhyd software (Rathjens et al.,
2016) was used for the bias correction of the climate
data, and the ClimPACT?2 package in R (Alexander
& Herold, 2016) was used for the calculation of the
climate factor “Daily Maximum Temperature Beyond
32°C”.

To see the implications of right to water on the
water security of the slum dwellers, we also assessed
the water security in different slums. Several studies
have assessed water security using diverse frameworks,
which mainly focus on certain mutual factors, such as
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availability, accessibility, affordability, quality, safety,
management and governance (Ahmed et al., 2018;
Babel et al., 2020; Gain et al., 2016; Jensen & Whu,
2018; Li et al., 2019; Ray & Shaw, 2019). This study
uses a WSI based approach that encompasses three
main water security dimensions: social, economic, and
environmental. Having no significant overlap, each
dimension captures a distinctive aspect of water secu-
rity. The dimensions are characterized by two or more
contextual indicators, such as water use (per capita)
gap with the World Health Organization (WHO) stand-
ard, average time spent to avail service per use, no. of
people served per toilet, no. of people served per water
point (social); percentage of income spent for water,
ratio of slum water price and formal residential water
price (economic); average annual GW depletion (m),
percentage of slum area getting flooded, and dissatis-
faction with water quality (environmental). Both pri-
mary (stated above) and secondary data were needed
to assess the WSI. The required secondary data such as
groundwater level was collected from the Bangladesh
Water Development Board (BWDB) for the time period
of 1996-2020. To calculate the percentage of flooded
area, Sentinel-1 image was acquired for the week of
flooding (July 15-21, 2020). Upon inspection, calibra-
tion, conversion to decibels and terrain adjustments,
the flood map was prepared in the Sentinel Application
Platform (SNAP) and the flooded area was calculated in
the Quantum Geographic Information System (QGIS).

The WSI of each slum was estimated using a
multi-criteria assessment called principal component
analysis (PCA). For an unbiased scoring of the water
insecurity indicators, the values of the indicators were
standardized using a standardized scoring technique
(Min—-Max) and the weights of the indicators were
determined using PCA. There were both positive and
negative indicators in the study. To address the differ-
ences, two separate formulas were used for standardi-
zation of the indicator values as below:

T

X
i 105 . s
x;% = —————————(for x; being a positive indicator)

D (1.05) —

2

(Xmax*IOS) — _xl, . . . .
X% = —X(for X; bemg a negatlve mdlcator)
('xnmx*l~05) —

(©))

where x; * is the standardized value of an indicator
for location i. The terms x;, x,,,, and x,,,, are the orig-
inal value for location i, and the lowest and highest
values considered, respectively (Tang & Feng, 2016).

Using the PCA method for weight determination
has an advantage of dimension reduction without the
resultant principal components (PCs) being corre-
lated. The maximum number of PCs possible is equal
to the number of variables. Each PC is associated
with an eigenvector that provides the weight to the
indicator. To determine the weight, PCs that obtain an
eigenvalue (M) of greater than 0.7 are used. As more
than one PC was selected, more than one weight was
available for each indicator. Therefore, an aggregation
method of the PCs was needed to calculate the weight
of the indicators. First, the loadings (product of eigen
vector and square root of eigen value) for the indica-
tors were determined. Then, for the selected PCs, the
sum of square roots of eigen values was determined
(Senna et al., 2019) as below:

" VA
W= (Vk,i—n - > @)
k=1 Zj:l V4

where w; is the final weight for the indicator i, k is the
number of principal components, V, ; are the eigen
vectors that vary from 1 to k (PCs) and from 1 to i
(indicators), A, are the eigen values of k number of

PCs, and Zj’;l \/x] is the sum of the j-adopted eigen

values after the selection of PCs based on the criteria
application. The higher the variance proportion is
expressed by the loadings, the higher the weight will
be to compose a final weight of an indicator. All the
calculations were done in python programming. The
overall score was determined as below:

27 Wi * X %
Z:l Wi

where n is the number of cases for different scenarios
and years, and i is the indicator. The maximum and
minimum scores possible are 1, and 0, respectively
(Tang & Feng, 2016).

WSI = 5)
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Results and discussion
Economic burden of water

Every year a large number of low-income people
move to Dhaka due to the capital centric development
and income opportunities. The migration has become
more frequent with the progression of industrializa-
tion, i.e., garment factory which has generated huge
demand for the urban labor (Al Amin & Kalam, 2017,
Ishtiaque & Ullah, 2013). Hope for a better living
with employment outnumbers all the other reasons
for relocating to this metropolis (Al Amin & Kalam,
2017; Biswas et al., 2019). The migrants engage
themselves in a variety of worksin the informal sec-
tors as garment workers, vendors, day laborers, street
hawkers, industrial workers and rickshaw pullers
(Alamgir et al., 2009; BBS, 2015; Haque & Islam,
2012) and add a significant economic contribution to
the city (Biswas et al., 2019; Haggblade et al., 2010).
Although the urban sector is undergoing a signifi-
cant growth (60%) in gross domestic product (GDP)
(Ishtiaque & Ullah, 2013), the income inequality has
increased by 10% (Ahmed, 2014). Being a labor-
abundant developing country, the work is offered at
a very cheap rate regardless of the significance of that
work in the country’s economy. As a result, the strug-
gle for a better living for the unemployed or migrated
poor people continues, despite getting several work
opportunities in this city. They have less access to the
standard salaried income on one hand, they are also
underpaid on the other. An example can be drawn
from the garment workers in this regard. Garments,
the largest exporting industries in Bangladesh, con-
tribute about 16% to the total GDP by conveying 81%
of the foreign exchange (Rahman et al., 2017), but
nearly all the workers are poorly paid here (Hossain
et al., 2018).

The under-wage scenario is clearly identified
in the study findings. From our primary data, we
find that a female garment worker is paid only US
$25-$60 a month (1 US$=BDT 84.74 as per 2021
conversion rate) depending on her responsibilities.
A poor family head of other occupations gets only
$53-$118 a month to maintain all the basic needs
for the family. More than half of these families are
also in the lowest income category. The average
incomes are estimated to be $89, $66 and $76 per
month for the Korail, Baganbari and Tejgaon slum

@ Springer

residents, respectively. Thus, their income is com-
paratively lower than the other city residents hav-
ing an average monthly income of $650 (PPRC,
2016) which indicates their low affordability. How-
ever, their level of affordability does not matter in
accessing the basic water. This is evident from the
statement of a slum dweller in the Tejgaon slum,
‘Our low income does not matter at all for getting
water. There is no water for us when we do not have
money to pay for it’. Thus, although the impover-
ished people come with a hope of better living, their
low affordability often creates obstacles in the way
of this hope.

The slum dwellers have to spend a significant por-
tion of their little income for accessing basic utili-
ties. The people living in the Korail and Baganbari
slums spend about 1.3-2.0% of their income just on
water utilities. These circumstances even get worse
in the case of not having an authorized water sup-
ply system. Water accessibility of the city, however,
is close to meeting the SDGs, but the right to basic
water for the LICs is yet to be achieved because of the
several prevailing issues regarding water quality, pric-
ing, reliability and liability. At many levels of service
delivery, the involvement of middlemen (local mafias
or private vendors) is witnessed. Particularly where
there is no legal water connection, water is supplied
at a high price by the private vendors. For example,
in the Tejgaon slum, the people are paying $2.95 for
buying 1000 L of water, whereas it is only $0.17 for
the legalized connection holders. Nearly 90% of the
slum respondents criticized the existing water price
for not falling under their affordability ranges. The
combination of high water price with low income
forces the slum dwellers to spend more than 8% of
their monthly income on the water on an average in
the Tejgaon slum. Even in some cases, the expendi-
ture exceeds 14% of their monthly incomes.

The economic burden of water is more clearly
understood through a comparative breakdown of the
existing water issues in the study slums (Table 3).
Despite their low income, the dwellers of the Korail
and Baganbari slums use 38—46 L of water per capita
per day (Ipcd) on an average. This quantity of water
use is greater than the basic access standard (20 Ipcd)
(Howard et al., 2020). However, the water use of the
Tejgaon slum (17-18 Ipcd) does not even meet the
basic standard because of its higher price. The cur-
rent water-use practice is further instigating other
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Table 3 Comparative

; A Existing water issues Korail Baganbari Tejgaon
scenarios of existing water
issues in the select slums of Average income per month ~ BDT 7542 BDT 5593 BDT 6440
the Dhaka city Type of water supply Legalized connec- Legalized connec- Illegal connection
tion from DWASA  tion from DWASA  from private
vendors
Water price (per 1000 L) BDT 14.40 BDT 14.40 BDT 249.97
Income spent on water 0.5-1.3% 1.3-2.0% 8.0%
Average water consumption 42-46 Ipcd 38-40 Ipcd 17-18 Ipcd
BDT is the Bangladesh Sanitation cost (per use) No separate cost No separate cost BDT 5.00
currency (1 US$=BDT Bathing cost (per time) No separate cost No separate cost BDT 10.00
84.74 as per 2021 Open defecation rate 8% 0% 80%

conversion rate)

survival complications, such as low consumption of
drinking water, maintaining poor sanitation hygiene
and raising gender inequalities. About 64% of the
respondents in the Tejgaon slum claimed to drink less
water because of the high price while the ratio is quite
lower in the other two slums.

As shown in Table 3, the vendors of the Tejgaon
slum price separately of $0.06 for toileting and
$0.12 for bathing for only one time which pushes
the low-income people into an unhygienic sanitation
practice. In addition, a family of four has to pay an
additional $14 per month for taking bath every day
despite paying their monthly water charges. The exor-
bitant expenses make bathing a luxury for the slum
dwellers. About 82% of the respondents complained
that they had to take baths at two- or three-day inter-
val. A completely different scenario is found for the
other two slums. The majority of dwellers (76%) in
the Korail slum use the DWASA water for drinking
purpose, while it is 100% in the Baganbari slum. For
getting water at an affordable price, their complaints
about economic burden shifted to the fuel cost for
water boiling rather than the water price itself. This

indicates that, when the price of the basic water
required for meeting the daily needs is comparatively
low and affordable, the slum people can pay attention
to other water issues. Table 4 presents a comparative
result of pair-wise ranking regarding the dominant
water issues in the three slums. The results reveal that
the high price of water outweighs the other issues in
the Tejgaon slum. In the cases of other two slums, as
water is within the affordability range, they can think
about other water issues, such as quality, improper
sanitation facilities, water-related hazards and water
contamination. For example, when the Korail slum
dwellers were asked about their main water issues,
a 10-year boy replied, What is the point of having a
latrine if we do not get it to use in an emergency like
diarrhea? There are so many people for one toilet,
you do not know how long the queue becomes in the
morning.

To sum up, the lack of the right to water adds an
economic burden to the low-income urban people.
It can also be argued in an opposite way that the
low affordability works as an obstacle in the way of
attaining their right to water. The combined effect of

Table 4 Ranking of water-

> Ranking of Korail slum Baganbari slum Tejgaon slum
related problems in the Problems
select slums of the Dhaka
city Poor water quality Urban flooding High water price
2 Unhygienic and insuf- Poor water quality Long-distance
ficient latrines of water
source from
house
3 Waterborne diseases Waste disposal into waterbody Extra burden

from separate
sanitation cost
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low affordability and high water price often pushes
their life to a miserable state. They cannot maintain
the basic domestic and sanitation hygiene properly on
one hand, it fuels several social issues on the other.
The good thing is that DWASA has provided water-
connection to the four largest low-income settlements
of the city, namely the Korail, Bhasantek, Paris Road
and Sattola slums. The agency is also working for
supplying water to the Kalapani, Beguntila, Kurmi-
tola Camp, Balurmath, Rajur Bosti, Muktijodha Com-
plex, Thirtynas Camp, MCC Camp, Rahamat Camp,
Rabeda Camp, Ersadnagar, Vanga Dewal, Godown
Bosti, Beder Bosti, etc., slums, by the help of some
local NGOs (DWASA, 2018). However, there are
around 3399 slums in the Dhaka city and the num-
ber of slum dwellers is around 643,735 (BBS, 2015).
Thus, there are still a considerable number of LIC
dwellers with no or minimal access to the legal-
ized water connection from DWASA. They have no
alternative but to depend on illegal connections for
meeting their daily water needs (Nurul & Moham-
mod, 2014; Uddin & Baten, 2011). Such dependency
is burdening them with an excessive price for basic
water.

Social constraints and their implications on the right
to water

Water as a human right requires access to water for
all people in quantity and quality according to their
basic needs. But the implementation of water as a
human right faces many challenges at family, commu-
nity and national levels. Social and political dynamics
that shape the governance and management of water
in an area may become the significant constraints.
For example, political factors, such as privatization
or corporatization of water, create a hindrance in the
social justice of ensuring water accessible to all (Fan-
tini, 2020). On the other hand, hierarchy in the social
system, injustice and disparities result from racism,
classism, sexism and other forms of discrimination,
which turn water into a susceptible resource both
for drinking and sanitation purposes (Tisdell, 2003).
For these reasons, the right to water is dependent on
the regime that ensures and enforces the fundamen-
tal human rights and social justice, more precisely,
the water justice. In this study, these sociopolitical
dynamics were assessed in terms of eviction and gen-
der disparities prevailing in the studied slums.

@ Springer

Forced eviction is a sociopolitical constraint that
violates the human right to access a utility or service
including food, water, housing, health and education.
It is defined as the permanent or temporary removal
of individuals or communities against their will from
the lands that they occupy. These individuals or com-
munities are not provided any legal protection or
access to any human right (UN-Habitat, 2011). There
are many driving factors behind the forced eviction,
such as poverty, political manipulation, illegal iden-
tity, urbanization and industrialization. Almost 57.8%
of the people in Bangladesh live in multidimensional
poverty and 21.2% are vulnerable to multiple types of
deprivation (UNDP, 2013). Though the people from
both urban and rural areas in Bangladesh face evic-
tions, the low-income people living in the slums of
the Dhaka city frequently confront with the forced
eviction (Islam & wa Mungai, 2016). Insecure ten-
ure and illegal settlement on public or private lands
cause sudden eviction of the people in the slums and
squatters in Dhaka, violating their human rights.
Among the other human rights, the right to water of
the impoverished slum people is significantly jeop-
ardized due to the eviction because the legalized con-
nection of water depends on a stable living place. As
an example, DWASA provides the water supply ser-
vices to the people who have land titles (individuals
having land ownership) and approved building plans.
Although an NGO, Dustha Shasthya Kendra (DSK),
helps the slum dwellers to get a community-based
water supply and sanitation system, the risk of evic-
tion creates a hindrance for both the slum dwellers
and DSK to implement any water supply project. The
slum dwellers living in the frequently evicted slums
do not invest in the community-based water projects
due to the fear of eviction. Among the three study
slums, the last eviction incidents that happened in
the Baganbari and Korail slums are dated in 2011
and 2012, respectively. Both the slums have not been
evicted since then, and the DWASA-based water sup-
ply and sanitation systems are available in the slums.
On the other hand, the Tejgaon slum is frequently
evicted, and the last eviction happened in 2020 which
in turn obstructed getting a legal water supply from
DWASA inside the slum.

The absence of legal water supply results in great
suffering for the slum dwellers, such as collecting
water from distant sources, paying a higher price for
water, and compromising minimum water needs and
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sanitation hygiene. Moreover, the insecure water sup-
ply is also playing a vital role in boosting up gender
inequalities. As both the Baganbari and Korail slums
have legal water supply inside the slums, both men
and women have access to water and control over
the water points to some extent. About 3—4 fami-
lies jointly share a water point in both the slums and
divide the payment of the water bill from DWASA
among themselves. Each family in the Baganbari
slum pays between $2.4 and $3.5 for water depend-
ing on the family size. But the scenario is different
for the Tejgaon slum. Due to its location alongside a
railway track, the dwellers in the Tejgaon slum do not
have ownership to the land they live in and therefore
they are deprived of getting legal water supply. They
are highly dependent on the private vendors for get-
ting the minimum amount of water at almost 17 times
higher price than the other two slums. This finding is
also supported by Rahaman and Ahmed (2016) who
found that the water providers charge the slum dwell-
ers as much as 14 times the other residents.

Due to the patriarchal social norms, the economic
burden of water in the Tejgaon slum is putting huge
pressure on the women for compromising their health
and hygiene. In 80% of the households, at least one
woman completes her defecation and urination at
home and dumps the garbage beside the railway
track, while the children defecate on and beside the
railway track. According to a woman respondent,
Toileting is too expensive here, it is better for us to
do it at home. Moreover, nearly 60% of the female
respondents claimed that they had stoppedtheir men-
struation cycles through a uterus removal surgery
called hysterectomy to give relief to their husbands
because it saves the additional cost for maintaining
the menstruation hygiene. Besides, the water manage-
ment responsibility of women forces them to travel
outside the slum to carry heavy buckets of water
twice or thrice a day. Regarding the sharing of water-
fetching workload with men, the women felt insecure
and were afraid of conflicts in the family life, even if
they are employed. This was echoed in the voice of a
woman who said, If we do not collect water, will they
[husbands] provide us food? Will they not abandon
[divorce] us? Therefore, the patriarchal social norms
are rendering the women to suffer from several ill-
nesses, such as itching, urinal infection, constipation,
diarrhea, and gastrointestinal disorders, due to water
shortages and to face some chronic physical stresses,

such as back pain and spinal pain, for carrying water
regularly.

In contrast to the Tejgaon slum, the economic bur-
den of water is not working as a catalyst for gender
inequalities in the Baganbari and Korail slums. The
Baganbari slum is situated beside a natural drain-
age system, Baunia Khal, and is frequently flooded
whenever a high-intensity rainfall occurs. The tube-
well platforms are inundated during the flooding
which creates difficulties for the women in accessing
water for drinking and sanitation purposes as well as
affects their ease of movement. Children and older
people are dependent on women for fetching water
from the water points, taking care of them, cooking,
and doing other household chores during the urban
flooding. Every year during the flooding, their suf-
ferings and burdens increase which further hampers
their productive roles. These are evident from the
modest queries placed before the research team by the
women of the Baganbari slum, ‘Apa [sister], how can
we go for work during flood? Who will take care of
our children? What will happen if they fall into the
flood water?’ Another woman added from behind,
‘Men can somehow walk and go for work, even when
there is a waist-high flood, but we cannot go outside
with our wet saris [clothes]. It is inappropriate and
shame for a woman! What will people say?’ The
women who have menstruation during the flooding
also face problems in getting proper water supply and
sanitation facilities. Thus, during the urban flooding,
the access to and control over water resources signifi-
cantly decrease for the women in the Baganbari slum.

In the Korail slum, the female respondents have
claimed that their full contribution in ensuring water
for all the family members is completely underval-
ued. Being the largest slum in the Dhaka city, many
water projects are being executed in the Korail slum,
but the women have no access to the decision-making
process of water utility provision. The locations of the
toilets and water points are still selected by the male
members of the slum although they are the persons
who bring and manage water for the families.

Although the underpinning factors behind gender
inequalities vary from slum to slum, the main point is
that the role of a woman is much broader than a mere
water provider or caretaker in the studied slums. They
have to utilize many soft skills, such as scheduling
water collection, assigning human resources, deciding
the size and number of water buckets, bargaining, and
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fixing budget, and ensuring proper execution within
the minimum amount of money as well as dealing
with the hydroclimatic extremities. However, this
enormous contribution of women is still undervalued
not just because of their unpaid reproductive role, but
also because of the lack of decision-making power.
Though women are deemed as the water managers
and held responsible to ensure water at the household
level, they often have no participation in the decision-
making mechanisms and control over the relevant
resources. Therefore, the needs of the urban poor
women regarding safe water and sanitation are often
compromised despite playing a key role in executing
water management-related tasks.

Implications on water security

The WSIs are found to be 6.2, 2.8 and 3.4 in the Tej-
gaon, Baganbari and Korail slums, respectively. Thus,
the Tejgaon slum is found to be the most water inse-
cure and the insecurity level is almost 3 and 2 times
of the Baganbari and Korail slums, respectively, due
to its informal water supply and high cost of water.
A comparation of different dimensions of WSIs in
the three slums is given in Fig. 3. In comparison to
the other two slums, the Tejgaon slum is socially less
secure. The dwellers of this slum use about half of
the water used in the other two slums and fail to meet
even the WHO minimum water standard (20 Ipcd).
The number of toilets and water points are also very
few in the Tejgaon slum. About 150 people share one

Fig. 3 Water security
indices of the select slums

in the Dhaka city
Tejgaon Railway
Slum
Baganbari Slum
Korail Slum

Environmental
Water Insecurity
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toilet and waterpoint in this slum compared to about
40 people in the Baganbari slum. The presence of
DWASA as well as NGOs (DSK and BRAC) in the
Baganbari slum helps improve the situation. In the
Korail slum, although the number of toilets is large
(>1100), there are still about 500 hanging latrines
indicating the prevalence of an unhygienic sanita-
tion practice. The Tejgaon slum dwellers have to
wait for about 30 min for collecting water, whereas
the Baganbari and Korail dwellers have to wait about
10—15 min.

From the economic perspective, the Tejgaon slum
dwellers are more insecure than the Baganbari slum
dwellers in terms of affordability and price burden.
The prevailing water supply system is the major
driving factor behind the inter-slum differences. As
already stated, the residents of the Tejgaon slum pay
17% higher water rate than the other two slums due to
the lack of legalized water supply system. This price
burden has a significant impact on income-expend-
iture on water. The people of Korail and Baganbari
slums can avail this utility service by spending only
0.5-2.0% of their income, whereas the Tejgaon slum
dwellers have to spend 8.0% of their income. The
three slums also show noticeable distinctions in the
environment dimension. Despite being the primary
source of water, the groundwater depletion rates are
different in the three slums. Tejgaon exhibits the
greatest depletion, while Korail exhibits the least. In
terms of flooding, Baganbari exhibits the most vul-
nerable situation with the highest extent of flooding

Social Water

Insecurity
1.0

Economic Water
Insecurity
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(30%). Flooding is also prevalent in Korail (21%), but
almost absent in Tejgaon due to its higher elevation.
Additionally, poor water quality is a great problem for
Baganbari and a portion of the Korail slum due to the
odor and color of the water. Even though the Tejgaon
slum has an illegal water supply, the residents do not
complain about its water quality. To sum up, the level
of water insecurity varies from slum to slum. In the
three studied slums, Tejgaon is more socially and eco-
nomically insecure. Although both the Baganbari and
Korail slums are getting the utility services legally,
the dwellers of Baganbari are in comparatively better
position than Korail due to its smaller size and low
population. However, the insecurity from an environ-
mental perspective is higher in Baganbari than the
other two slums due to the severe disruption to nor-
mal life from urban flooding.

Climatic change and water needs

Dhaka is one of the most vulnerable megacities to
climate change (Babel et al., 2021). Climate change
could exacerbate the existing struggles of the city
with further water shortages. However, the impacts
would not be distributed equally among the city’s res-
idents. Lack of social, economic and political capitals
has already adversely affected more than three mil-
lion people living in the slums of Dhaka (Baten et al.,
2021). When it comes to the right to water, the rights
of the poor are compromised first. Therefore, climate
change will create more pressure for the urban poor
to secure enough water for their basic needs (Amjad,
2019).

The observed data from BMD shows that the
mean daily temperature of the city is rising rapidly,
with already more than 2 °C above the local average
(Fig. 4). Such an increase is alarming from a right to
water perspective, as temperature rise is linked with
increasing water needs of people for drinking and
other daily purposes. According to the WHO, daily
temperatures reaching beyond 32 °C can increase the
daily drinking water requirement alone by 1.8 L for
one adult (Howard & Bartram, 2003). In recent years,
the number of days with temperatures beyond this
threshold has been frequent and is increasing.

On the downloaded climate model data, bias cor-
rection was made with the observed BMD data at the
Dhaka station. Then a comparison of the bias cor-
rected climate data was made with the observed BMD
data. The mean annual maximum and minimum tem-
peratures were 31.04 °C and 22.38 °C, respectively,
from the BMD data. Such temperatures for an over-
lapping period of 2006-2017 were 30.72 °C and
22.66 °C for the RCP 4.5, and 31.06 °C and 23.08 °C
for the RCP 8.5 scenario. Thus, there was a small
negative bias in the maximum temperature for the
RCP 4.5 scenario. There was a small positive bias in
the minimum temperature for both the RCP 4.5 and
RCP 8.5 scenarios. The adequacy-check statistics of
the bias correction are given in Table 5. As seen from
the table, the PBIAS, MAE and RMSE are low and
NSE is high for both maximum and minimum tem-
peratures in both RCP 4.5 and RCP 8.5 scenarios.
Based on the PBIAS and NSE values, the bias correc-
tion results can be considered to be very good (Mori-
asi et al., 2007).

Fig. 4 Annual tempera- 2.0
ture anomaly in Dhaka
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Table 5 Adequacy-check statistics of bias correction on cli-
mate model data for Dhaka

Temperature RCP PBIAS NSE MAE (°C) RMSE (°C)
Maximum 45 -1.06 0.78 24 3.1
Minimum 4.5 1.25 089 2.1 2.8
Maximum 8.5 0.04 0.79 22 3.6
Minimum 8.5 3.12 088 2.2 2.9

Future projections for temperature at both moder-
ate (RCP 4.5) and extreme (RCP 8.5) emission sce-
narios (Fig. 5) indicate that more than two-thirds of
a year by 2100 would have daily maximum tempera-
ture beyond 32 °C at which the drinking water need
could exceed almost 2 Ipcd. Although WHO did not
provide any estimate of how water uses in other spec-
trums, such as bathing, washing and cleaning, would
be affected by such thermal increase, it confirms that
regardless of socio-economic status, the need in other
uses will also increase with rising temperature. The
high temperatures would also be detrimental for the
human body, as thermal regulation of the body needs
additional support, like energy intensive cooling
facility. Increasing temperature can cause serious loss
of productivity of the people, especially for the urban
poor, as they can neither afford housing with proper
insulation, nor jobs that are less demanding of physi-
cal labor. In such cases, securing basic drinking water
will become more expensive for the urban poor.

The low-income settlers who do not have a con-
tinuous water supply will struggle the most as their
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required number of trips to collect water, time spent
on water collection and conflicts in water use will
increase. The urban poor communities who do
not have access to a subsidized water supply will
be further worse off as the water price will likely
exceed their economic capacity due to the skewed
demand-supply situation of water in the Dhaka city.
As it is observed that the society is mostly patriarchal
and the women are held responsible for water man-
agement at the household level, their water needs
would be at the threat of becoming secondary in
dire crisis scenarios. Such a situation would expose
the women to different health risks like urinary tract
infection and poor menstrual hygiene. In our research,
the Tejgaon slum was a place where the urban poor
did not have the DWASA water supply and paid 17
times higher water price than the other places. The
drinking water needs were not fulfilled as well, espe-
cially for the women in the Tejgaon slum. Because
the water points are distant and the services for water
and sanitation are not continuous, the women often
did not feel safe to avail the services as well. This
scenario depicts how extreme threat is posed to the
right to water when an authorized water supply to the
urban poor is not ensured.

Policies to safeguard the right to water
For the urban poor in the Dhaka city, the equation
of right to water is not simple. The success of water

and sanitation projects heavily depend on both the
effectiveness of policy implementation and the state
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Fig. 5 Number of days per annum with projected maximum temperature > 32 °C in Dhaka during 2021-2100 for RCP 4.5 (left) and

RCP 8.5 (right) scenarios
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of the settlement. To this day in 2022, most of the
urban poor reside in slums, which are prone to evic-
tions. This unstable housing scenario is one of the
main reasons for many organizations to retract their
projects (DSK, 2019). The rapid growth of slums and
squatters in the cities are mentioned in the National
Housing Policy (Ministry of Housing & Public
Works, 2016). The measures to be undertaken for
the upgradation of slums and squatters to ensure the
basic needs of the urban poor and improve their liv-
ing standard are also described in this policy. As out-
lined in the policy, the shifting of a slum or squatter is
to be considered only if an inevitable situation arises
and a proper resettlement and rehabilitation plan is
prepared. A forced eviction of slums and squatters
is illegal according to the policy, only resettlements
with proper strategy are suggested. Nevertheless, the
National Housing Policy does not mention about land
ownership or tenure rights of the slum and squatter
dwellers. As housing is a basic right according to the
Constitution of Bangladesh, the provision of secured
tenure or land ownership would help the urban poor
to ensure their basic human rights, including the right
to water. DWASA in its water master plan (DWASA,
2014) envisioned for a full coverage including slums
of water supply services and proposed a mechanism
for ensuring water supply to the slums. But it still
needs a long time to provide the full water coverage
in the LICs of this city.

Regarding the women’s right to water, the National
Water Policy (NWP) (Ministry of Water Resources,
1999) has conscripted participation of women in
local community water management organizations
and creation of enabling environment for women.
NWP states that women’s involvement in water man-
agement needs to be ensured to reduce the gender
inequality, empower women in decision making and
establish their right to water by themselves. Besides, it
is also stated that the interests of the water users from
LICs, especially women, are required to be protected.
Additionally, access to safe water and sanitation, and
stakeholder participation are also mentioned in the
NWP. Later, the Bangladesh Water Act was enacted
to integrate the development, management, protec-
tion and use of water resources. The water act empha-
sizes water rights, optimum use of water resources
and conservation of nature (Gain et al., 2017). The
act states that all rights over surface water, ground-
water, sea water and atmospheric water within the

country territory are vested upon the State on behalf
of its people. In the act, the highest priority is given
to the right to potable water, hygiene and sanitation,
although the gender issues are not directly mentioned
(Government of Bangladesh, 2013). Besides, the
gender budget report of Bangladesh for 2019-2020
describes strategic objectives, targeted for women’s
rights and advancement in sustainable management
of water resources (Ministry of Finance, 2019). The
report mentions that the participation of women in
water resource management will be ensured, and
women will constitute 33% of the total members in
the organizations related to water management.

Another challenge in the pathway towards ensur-
ing the right to water is the affordability of the peo-
ple. The first policy addressing the pro-poor strate-
gies in water sector (LGD, 2005) highlighted the
need for providing a safety net for the poor people.
Following that, the National Strategy for Water Sup-
ply and Sanitation in Bangladesh (LGD, 2014) also
highly emphasized the need for establishment of the
right and ownership of the marginalized and vulner-
able groups. The policy proposes a progressive tar-
iff for the piped water supply and sewerage systems
with an inclusion of a lifeline tariff for the poor for
basic level services (LGD, 2012, 2014). However, the
proposed pricing framework in the policy has not yet
been implemented (Qureshi et al., 2015).

Regarding climate change adaptation, there are
many policies for national and local levels, such as
the National Adaptation Program of Action (MoEF,
2009) and Bangladesh Climate Change Strategy and
Action Plan (Government of Bangladesh, 2009).
Bangladesh has prepared a separate gender action
plan to ensure gender equality in climate related
policies, strategies and interventions (MoEF, 2013).
However, specific guidelines to ensure water-resil-
ience for the urban poor are absent in the policies.
Although the Bangladesh Delta Plan 2100 (GED,
2018) addresses the need to promote the resilience
of the urban poor, the urban poor women are still
overlooked in the plan. The DWASA master plan
also did not consider the potential increase in water
demands due to climate change. The national water
policy did not address the climate change issues, and
therefore needs updating. Moreover, climate change
adaptation practices need to internalize the gender
issues, as only a small share of the current adaptation
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practices specifically consider those (Mondal et al.,
2019).

To sum up, the people’s right to water is well docu-
mented in the Bangladesh policies. Many of the water
and climate change policies in the country acknowl-
edge the gender and affordability challenges of the
LICs but fail to provide any roadmap for their imple-
mentation. Hence, the implementation of the right to
water policies occurs on a rare basis. The issues of
gender, equity and social good generally get weaken
as we move from policies to institutions to projects
(Gain et al., 2017). Lack of good governance norms
and practices while implementing different organiza-
tional and institutional policies results in low imple-
mentation of the policies (Mondal et al., 2014). More-
over, the implementation of the policies often leaves
behind the marginal groups (Baten et al., 2021).
Moreover, despite women being considered providers
and managers of water, their decision-making power
and voice in policies and plans are neglected (Lane
& Jarman, 1998). Water is distributed in “patriarchal
water order” where water is treated as a commod-
ity, not as a resource, and the right to water refers to
the right to capital or political power (Shiva, 1998).
The patriarchal order devalues and damages water
as a resource that women need for their survival and
puts market value that can only be controlled by men
(Panda, 2007). Because of the discriminatory system,
the needs and voices of women are often not well
understood, and hence neglected in necessary inter-
ventions. Providing legal water connection to LICs—
either directly by DWASA or through NGOs, imple-
menting a lifeline water pricing through a per capita
based block tariff system, incorporation of the gender
and climate change issues while updating the poli-
cies, and reducing the gap between policy and prac-
tice through capacity building of implementing agen-
cies are some of the initiatives that can be undertaken
to promote the right to water for the urban poor.

Conclusions

The slums and squatter settlements in the Dhaka
city have unique social, economic, environmental
and governance characteristics. These characteris-
tics act as potential barriers in attaining the right to
water for the urban poor. Disparities in accessibility
and affordability of water create havoc to the life of

@ Springer

the slum dwellers, particularly for women. Despite
water being a fundamental human right, the dwellers
of the three select slums are denied from their right
to water, though the degree of denial is different in
different slums. The Baganbari and Korail slums
have legal water connection, but the poor quality
of water along with the poor sanitation system due
to environmental degradation and encroachment
to nearby surface waterbodies hampers to attain
safe and hygienic water. Contrary to this, the Tej-
gaon slum does not have a legal water connection,
and hence its dwellers have to pay a high price for
accessing basic water. Paying higher price for water
by the low-income dwellers of this slum creates
additional constraints to their other family expendi-
tures. The patriarchal societal norms combined with
the financial burden create obstacles in the life of
women in the slums, especially in maintaining basic
water and sanitation needs and personal health,
as their needs are seen as secondary and are often
blocked from positions of decision-making regard-
ing water and sanitation. Equity in water distribu-
tion and price regulation are necessary to reduce
the social injustice and economic burden in the low-
income informal urban settlements. Security of land
tenure for the urban poor and penalties for forced
evictions without consensual rehabilitation are to be
clearly stated in the housing policy of Bangladesh.
Moreover, existing policies do not include climate-
resilient strategies for the urban poor, though alarm-
ing rise of temperature and heat waves is evident
to create more pressure on such socially excluded
groups with extra economic burden in future.
Strategies and essential actions should be taken to
reduce the climate change impacts by revisioning
the current development plans of relevant authori-
ties, such as DWASA, City Corporation and Capital
Development Authority (RAJUK). Providing water
at affordable price through legal connections and
stopping forced evictions are necessary to secure
the right to water for the urban poor. The inter-slum
differences reveal that the water security in slums is
highly contextual. Hence, policies not only require
addressing the general right to water of the people
living in slums, but also demand specific guidelines
to generate evidence-based contextual solution and
address the gender needs.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



GeoJournal (2023) 88:3183-3204

3201

Acknowledgements The authors thank the two reviewers and
the editor for their valuable comments and useful suggestions,
which helped improve the quality of this paper.

Authors’ contributions All authors contributed to the study
conception and design. Methodology, data collection and anal-
ysis were performed by SK, NT and ZS. The first draft of the
manuscript was written by SK, NT and ZS. The review and
editing of the manuscript were done by SBM, SN and MSM.
Funding acquisition and project administration were done by
MSM. All authors read and approved the final manuscript.

Funding This study was funded by the International Devel-
opment Research Center (IDRC), Canada, under IDRC-South
Asian Water (SAWA) Leadership Program on Climate Change
(Grant No. 108441-002).

Data availability The data used in the study can be made
available upon request to the corresponding author.

Declarations

Conflict of interest The authors have no relevant financial
or non-financial conflict of interest associated with this manu-
script.

Informed consent Participation in the study was voluntary.

References

Adams, E. A., Byrns, S., Kumwenda, S., Quilliam, R.,
Mkandawire, T., & Price, H. (2022). Water journeys:
Household water insecurity, health risks, and embodi-
ment in slums and informal settlements. Social Science
& Medicine, 313, 115394. https://doi.org/10.1016/j.socsc
imed.2022.115394

Ahlers, R., & Zwarteveen, M. (2009). The water question in
feminism: Water control and gender inequities in a neo-
liberal era. Gender, Place and Culture, 16(4), 409-426.
https://doi.org/10.1080/09663690903003926

Ahmed, 1. (2014). Factors in building resilience in urban
slums of Dhaka, Bangladesh. Procedia Economics and
Finance, 18, 745-753. https://doi.org/10.1016/S2212-
5671(14)00998-8

Ahmed, D. M., Kranthi, N., & Jain, M. (2018). Developing
indicators for slum water poverty index. Research Jour-
nal of Applied Sciences., 13(10), 610-615. https://doi.
org/10.36478/rjasci.2018.610.615

Akther, H., & Ahmad, M. M. (2021). Livelihood under stress:
The case of urban poor during and post-flood in Dhaka,
Bangladesh. The Geographical Journal, 187(3), 186—
199. https://doi.org/10.1111/ge0;j.12379

Akther, H., & Ahmad, M. M. (2022). Livelihood in the pluvial
flood prone slum communities in Dhaka, Bangladesh.
Progress in Disaster Science, 14, 100227. https://doi.org/
10.1016/j.pdisas.2022.100227

Al Amin, M. M., & Kalam, I. M. S. (2017). Population move-
ments towards Dhaka: Disquiets and commendations.

European Scientific Journal, 13(5), 402—415. https://doi.
org/10.19044/esj.2017.v13n5p402

Alamgir, M. S., Jabbar, M. A., & Islam, M. S. (2009). Assess-
ing the livelihood of slum dwellers in Dhaka city. Jour-
nal of the Bangladesh Agricultural University, 7(2), 373—
380. https://doi.org/10.3329/jbau.v7i2.4749

Alexander, L., & Herold, N. (2016). ClimPACT2 User
Guide. The University of New South Wales. Retrieved
May 1, 2021, from https://climpact-sci.org/assets/climp
act2-user-guide.pdf

Amjad, K. (2019). Climate change impacts on urban poor: A
study on slum people in Dhaka city. IOSR Journal of
Humanities and Social Science, 24(9), 40-75. https://
doi.org/10.9790/0837-2409104075

Babel, M., Haarstrick, A., Ribbe, L., Shinde, V. R., & Dichtl,
N. (Eds.). (2021). Water security in Asia: Opportuni-
ties and challenges in the context of climate change.
Springer International Publishing.

Babel, M. S., Shinde, V. R., Sharma, D., & Dang, N. M.
(2020). Measuring water security: A vital step for cli-
mate change adaptation. Environmental Research, 185,
109400. https://doi.org/10.1016/j.envres.2020.109400

Bangladesh Forest Department. (2016). Bangladesh For-
estry Master Plan (2017-2036). Technical study report.
Retrieved Jan 6, 2021, from https://pubdocs.worldbank.
org/en/848671521827530395/pdf/FMP-Full-report-
final.pdf

Baten, M. A., Lisa, K. S., & Chowdhury, A. S. (2021). Water
supply of Dhaka city: Present context and future sce-
narios. In M. Babel, A. Haarstrick, L. Ribbe, V. R.
Shinde, & N. Dichtl (Eds.), Water security in Asia:
Opportunities and challenges in the context of cli-
mate change (pp. 351-367). Springer International
Publishing.

BBS (2015). Census of slum areas and floating populations
2014. Bangladesh Bureau of Statistics, Government of
the People’s Republic of Bangladesh, Dhaka.

Biswas, R. K., Kabir, E., & Khan, H. T. A. (2019). Causes
of urban migration in Bangladesh: Evidence from the
urban health survey. Population Research and Pol-
icy Review, 38(4), 593-614. https://doi.org/10.1007/
s11113-019-09532-3

Boelens, R. A., & Zwarteveen, M. Z. (2005). Legal complexity
in the analysis of water rights and water resources man-
agement. In D. R. R. Boelens, & M. Zwarteveen, Liquid
relations: Contested water rights and legal complexity
(pp- 1-20). Rutgers University Press.

Brown, C., Neves-Silva, P., & Heller, L. (2016). The human
right to water and sanitation: A new perspective for pub-
lic policies. Ciencia & Saude Coletiva, 21, 661-670.

CCC (2009). Characterizing long-term changes of Bangladesh
climate in context of agriculture and irrigation. Climate
Change Cell (CCC), Department of Environment, Gov-
ernment of the People’s Republic of Bangladesh, Dhaka.

CDMP (2013). Development of four-decade long climate sce-
nario and trend: Temperature, rainfall, sunshine and
humidity. Comprehensive Disaster Management Program
(CDMP), Ministry of Disaster Management and Relief,
Government of the People’s Republic of Bangladesh,
Dhaka.

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



3202

GeoJournal (2023) 88:3183-3204

COHRE, UN-HABITAT, WaterAid, & SDC (2008). Sanita-
tion: A human rights imperative. Retrieved Feb 12, 2021,
from https://www.ircwash.org/sites/default/files/UNHab
itat-2008-Sanitation.pdf

DSK (2019). DSK WASH experience in Bangladesh, Evalua-
tion Report. Dushtha Shasthya Kendra (DSK), Dhaka.

DWASA (2014). DWASA water supply master plan 2014.
Dhaka water supply and sewerage authority (DWASA),
Ministry of Local Government, Rural Developments &
Co-operatives, Government of the People’s Republic of
Bangladesh, Dhaka.

DWASA (2018). DWASA annual report 2017-2018. Dhaka
water supply and sewerage authority (DWASA), Ministry
of Local Government, Rural Developments & Co-oper-
atives, Government of the People’s Republic of Bangla-
desh, Dhaka.

EIU (2021). The global liveability index 2021: How the Covid-
19 pandemic affected liveability worldwide. Economist
Intelligence Unit. Retrieved July 8, 2021, from https:/
www.eiu.com/public/topical_report.aspx?campaignid=
liveabilityindex21

Fang, G. H., Yang, J., Chen, Y. N., & Zammit, C. (2015).
Comparing bias correction methods in downscaling
meteorological variables for a hydrologic impact study
in an arid area in China. Hydrology and Earth System
Sciences, 19(6), 2547-2559. https://doi.org/10.5194/
hess-19-2547-2015

Fantini, E. (2020). An introduction to the human right to water:
Law, politics, and beyond. Water, 7(2), e1405. https://doi.
org/10.1002/wat2.1405

Figueiredo, P., & Perkins, P. E. (2013). Women and water man-
agement in times of climate change: Participatory and
inclusive processes. Journal of Cleaner Production, 60,
188-194. https://doi.org/10.1016/j.jclepro.2012.02.025

Gain, A. K., Giupponi, C., & Wada, Y. (2016). Measuring
global water security towards sustainable development
goals. Environmental Research Letters, 11, 124015.
https://doi.org/10.1088/1748-9326/11/12/124015

Gain, A. K., Mondal, M. S., & Rahman, R. (2017). From flood
control to water management: A journey of Bangladesh
towards integrated water resources management. Water,
9(1), 55-71. https://doi.org/10.3390/w9010055

GED (2018). Bangladesh delta plan 2100. General economic
division (GED), Bangladesh Planning Commission, Gov-
ernment of the People’s Republic of Bangladesh, Dhaka.

Government of Bangladesh (2009). Bangladesh climate change
strategy and action plan 2009. Ministry of Environment
and Forests, Government of the People’s Republic of
Bangladesh, Dhaka.

Government of Bangladesh (2013). Bangladesh water act 2013.
Water Resources Planning Organization, Government of
the People’s Republic of Bangladesh, Dhaka.

Government of Bangladesh (2018). Bangladesh water rule
2018. Water Resources Planning Organization, Govern-
ment of the People’s Republic of Bangladesh, Dhaka.

Haggblade, S., Hazell, P., & Reardon, T. (2010). The rural non-
farm economy: Prospects for growth and poverty reduc-
tion. World Development, 38(10), 1429-1441. https://doi.
org/10.1016/j.worlddev.2009.06.008

@ Springer

Haque, M. E., & Islam, M. M. (2012). Rural to urban migra-
tion and household living conditions in Bangladesh. The
Dhaka University Journal of Science, 60(2), 253-257.

Haque, S. S., Yanez-Pagans, M., Arias-Granada, Y., & Joseph,
G. (2020). Water and sanitation in Dhaka slums: Access,
quality, and informality in service provision. Water Inter-
national, 45(7-8), 791-811. https://doi.org/10.1080/
02508060.2020.1786878

Hasan, A. (2019). Internal migration and employment in Bang-
ladesh: An economic evaluation of rickshaw pulling in
Dhaka city. In K. Jayanthakumran, R. Verma, G. Wan, &
E. Wilson (Eds.), Internal migration, urbanization, and
poverty in Asia: Dynamics and interrelationships (pp.
339-359). Springer.

Hossain, M. D., Aftab, A., Imam, M. H. A., Mahmud, I.,
Chowdhury, 1. A., Kabir, R. 1., & Sarker, M. (2018).
Prevalence of work-related musculoskeletal disorders
(WMSDs) and ergonomic risk assessment among ready-
made garment workers of Bangladesh: A cross sectional
study. PLoS ONE, 13(7), €0200122. https://doi.org/10.
1371/journal.pone.0200122

Howard, G., & Bartram, J. (2003). Domestic water quantity,
service level and health, Technical Document. World
Health Organization. Retrieved July 6, 2021, from
https://www.who.int/water_sanitation_health/diseases/
WSHO03.02.pdf

Howard, G., Bartram, J., Williams, A., Overbo, A., Fuente,
D., & Geere, J. -A. (2020). Domestic water quantity,
service level and health. Technical Document (2nd ed.).
World Health Organization. Retrieved July 6, 2021, from
https://www.who.int/publications/i/item/9789240015241

Igbal, M., Milon, S., & Milon, H. (2017). Economic benefits of
an eco-town for slums in Dhaka city of Bangladesh: An
application of discrete choice model. Australian Acad-
emy of Business and Economics Review, 3(2), 61-75.

Ishtiaque, A., & Ullah, M. S. (2013). The influence of fac-
tors of migration on the migration status of rural-urban
migrants in Dhaka, Bangladesh. Human Geographies:
Journal of Studies and Research in Human Geography,
7(2), 45-52. https://doi.org/10.5719/hge0.2013.72.45

Islam, M.R., & wa Mungai, N. (2016). Forced eviction in
Bangladesh: A human rights issue. International Social
Work, 59(4), 494-507. https://doi.org/10.1177/00208
72815580046

IWFM (2022). Flood inundation study for Dhaka mass rapid
transit development project (line 5: Northern route),
Final report. Institute of Water and Flood Management
(IWFM), Bangladesh University of Engineering and
Technology (BUET) and Metro Five Consultants Asso-
ciation (MFCA), Dhaka.

Jaren, L. S., & Mondal, M. S. (2021). Assessing water poverty
of livelihood groups in peri-urban areas around Dhaka
under a changing environment. Water, 13(19), 2674.
https://doi.org/10.3390/w13192674

Jensen, O., & Wu, H. (2018). Urban water security indicators:
Development and pilot. Environmental Science Policy,
83, 33-45. https://doi.org/10.1016/j.envsci.2018.02.003

Kashem, S., & Mondal, M. (2022). Development of a water-
pricing model for domestic water uses in Dhaka city
using an IWRM framework. Water, 14(9), 1328. https://
doi.org/10.3390/w14091328

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



GeoJournal (2023) 88:3183-3204

3203

Khan, M. A. (2022). Livelihood, WASH related hardships and
needs assessment of climate migrants: Evidence from
urban slums in Bangladesh. Heliyon, 8(5), e09355.

Lane, J. B., & Jarman, J. (1998). Six years on-what happened
to the Dublin principles? Waterlines, 16(3), 10-11.
https://doi.org/10.3362/0262-8104.1998.004

LGD (2005). Pro-poor strategy for water and sanitation sector
in Bangladesh. Local Government Division, Ministry
of Local Government, Rural Developments & Co-oper-
atives, Government of the People’s Republic of Bangla-
desh, Dhaka.

LGD (2012). National cost sharing strategy for water supply
and sanitation in Bangladesh. Local Government Divi-
sion, Ministry of Local Government, Rural Develop-
ments & Co-operatives, Government of the People’s
Republic of Bangladesh, Dhaka.

LGD (2014). National strategy for water supply and sanitation
in Bangladesh. Local Government Division, Ministry
of Local Government, Rural Developments & Co-oper-
atives, Government of the People’s Republic of Bangla-
desh, Dhaka.

Li, X., Su, X., & Wei, Y. (2019). Multistage integrated water
security assessment in a typical region of Northwestern
China. Journal of Cleaner Production, 220, 732-744.
https://doi.org/10.1016/j.jclepro.2019.02.033

Mehzabin, S., & Mondal, M. (2021). Assessing impact of cli-
mate variability in southwest coastal Bangladesh using
livelihood vulnerability index. Climate., 9(7), 107-128.
https://doi.org/10.3390/cli9070107

Mendez, M., Maathuis, B., Hein-Griggs, D., & Alvarado-Gam-
boa, L.-F. (2020). Performance evaluation of bias correc-
tion methods for climate change monthly precipitation
projections over Costa Rica. Water, 12(2), 482. https://
doi.org/10.3390/w12020482

Ministry of Water Resources (1999). National water policy.
Government of the People’s Republic of Bangladesh,
Dhaka.

Ministry of Housing and Public Works (2016). National hous-
ing policy 2016. Government of the People’s Republic of
Bangladesh, Dhaka.

Ministry of Finance (2019). Gender budgeting report. Govern-
ment of the People’s Republic of Bangladesh, Dhaka.

Mirosa, O., & Harris, L. M. (2012). Human right to water:
Contemporary challenges and contours of a global
debate. Antipode, 44(3), 932-949.

MOoEF (2009). National adaptation program of action (NAPA).
Ministry of Environment and Forests (MoEF), Govern-
ment of the People’s Republic of Bangladesh, Dhaka.

MoEF (2013). Bangladesh climate change and gender action
plan. Ministry of Environment and Forests (MoEF), Gov-
ernment of the People’s Republic of Bangladesh, Dhaka.

Mondal, M. S., Islam, M. T., Saha, D., Hossain, M. S. S., Das,
P. K., & Rahman, R. (2019). Agricultural adaptation
practices to climate change impacts in coastal Bangla-
desh. In S. Hugq, J. Chow, A. Fenton, C. Stott, J. Taub, &
H. Wright (Eds.), Confronting climate change in Bangla-
desh: Policy strategies for adaptation and resilience (pp.
7-21). Springer.

Mondal, M. S., Nowreen, S., & Sakib, M. N. (2020). Scale-
dependent reliability of projected rainfalls over

Bangladesh with the PRECIS model. Climate, 8(2),
20-36. https://doi.org/10.3390/cli8020020

Mondal, M. S., Salehin, M., & Huq, H. (2014). Evaluation of
institutional arrangements for governance of rivers sur-
rounding Dhaka city. In V. Narain, C. G. Goodrich, J.
Chourey, & A. Prakash (Eds.), Water in a globalizing
world: State, markets and civil society in South Asia (pp.
273-291). Routledge.

Moriasi, D. N., Arnold, J. G., van Liew, M. W., Bingner, R.
L., Harmel, R. D., & Veith, T. L. (2007). Model evalua-
tion guidelines for systematic quantification of accuracy
in watershed simulations. Transactions of the ASABE,
50(3), 885-900.

Moshfika, M., Biswas, S., & Mondal, M. S. (2022). Assessing
groundwater level declination in Dhaka city and identify-
ing adaptation options for sustainable water supply. Sus-
tainability, 14(3), 1518.

Mukherjee, S., Sundberg, T., & Schiitt, B. (2020). Assessment
of water security in socially excluded areas in Kolkata,
India: An approach focusing on water, sanitation and
hygiene. Water, 12(3), 746. https://doi.org/10.3390/
w12030746

Neuman, W. L. (2014). Social research methods: Qualitative
and quantitative approaches (7th ed.). Pearson Education
Limited.

Nurul, S. H., & Mohammod, I. T. (2014). State of water gov-
ernance in Dhaka metropolitan city of Bangladesh: Evi-
dence from three selected slums. International Journal
of Interdisciplinary and Multidisciplinary Studies, 1(2),
19-38.

Odeny, M. A. (2020). The relation between access to water,
poverty, and patriarchy: The case of women slum dwell-
ers in Kibera, Kenya. Doctor of Laws Thesis, Faculty of
Law, The University of Pretoria.

Panda, S. M. (2007). Mainstreaming gender in water manage-
ment: A critical view. Gender, Technology and Devel-
opment, 11(3), 321-338. https://doi.org/10.1177/09718
5240701100302

PPRC (2016). Politics, governance and middle-income aspira-
tions realities and challenges: An empirical study. Policy
Brief. Power and Participation Research Centre (PPRC),
Dhaka.

Prieto, M. (2021). Equity vs. efficiency and the human right to
water. Water, 13(3), 278.

Qureshi, A., Ahmed, Z., & Krupnik, T. (2015). Groundwater
management in Bangladesh: An analysis of problems and
opportunities. Research report no. 2. Retrieved Sept 18,
2021, from https://doi.org/10.13140/2.1.2381.9040

Rahaman, M., & Ahmed, T. (2016). Affordable water pricing
for slums dwellers in Dhaka metropolitan area: The case
of three slums. Journal of Water Resource Engineering
and Management, 3(1), 15-33.

Rahaman, M. M., Galib, A. L., & Azmi, F. (2021). Achieving
drinking water and sanitation related targets of SDG 6
at Shahidbug slum, Dhaka. Water International, 46(4),
462-476. https://doi.org/10.1080/02508060.2021.19011
89

Rahman, M., Habibullah, M., & Masum, M. (2017). Ready-
made garment industry in Bangladesh: Growth, contri-
bution and challenges. IOSR Journal of Economics and

@ Springer

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



3204

GeoJournal (2023) 88:3183-3204

Finance, 8(3), 1-7. https://doi.org/10.9790/5933-08030
10107

Rathjens, H., Bieger, K., Srinivasan, R., Chaubey, 1., & Arnold,
J. G. (2016). Documentation for preparing simulated cli-
mate change data for hydrologic impact studies. CMhyd
User Manual. Retrieved Sept 10, 2021, from https://swat.
tamu.edu/media/115265/bias_cor_man.pdf

Ray, B., & Shaw, R. (2019). Developing water security index
for urban areas, In Ray, B., & Shaw, R. (Eds.), Urban
drought, disaster risk reduction. (pp. 53—-68) Springer.
https://doi.org/10.1007/978-981-10-8947-3_4

Sarkar, A. (2020). Informal water vendors and the urban poor:
Evidence from a Nairobi slum. Water International,
45(5), 443-457. https://doi.org/10.1080/02508060.2020.
1768022

Senna, L. D., Maia, A., & Joana, D. M. F. (2019). The use
of principal component analysis for the construction
of the water poverty index. Brazilian Journal of Water
Resources, 24(2), 1-14. https://doi.org/10.1590/2318-
0331.241920180084

Shiva, V. (1998). Women’s water rights. Watertimes, 17(1),
9-11.

Sohel, M. S., Islam, M., & Muhibbulah, M. (2017). Rural
urban migration and urban transition in Bangladesh:
A case study of Dhaka city. Scholars Journal of Arts,
Humanities and Social Science, 5(12A), 1808-1816.

Sufian, A. J. M. (2009). Methods and techniques of social
research (2nd ed.). The University Press Limited.

Sultana, F. (2020). Embodied intersectionalities of urban citi-
zenship: Water, infrastructure, and gender in the global
south. Annals of the American Association of Geogra-
phers, 110(5), 1407-1424. https://doi.org/10.1080/24694
452.2020.1715193

Tang, X., & Feng, Q. (2016). The temporal—spatial assessment
of water scarcity with the water poverty index: A study
in the middle basin of the Heihe River, Northwest China.
Water Supply, 16(5), 1266—1276. https://doi.org/10.2166/
ws.2016.053

Tisdell, J. G. (2003). Equity and social justice in water doc-
trines. Social Justice Research, 16(4), 401-416. https://
doi.org/10.1023/A:1026365700255

Uddin, A. F. M. A., & Baten, M. A. (2011). Water supply of
Dhaka city: Murky future. Unnayan Onneshan-The
Innovators. Retrieved Oct 12, 2021, from https://www.
academia.edu/36948975/WATER_SUPPLY_OF_
DHAKA_CITY_MURKY_FUTURE_THE_ISSUE_
OF_ACCESS_AND_INEQUALITY_WATER_SUP-
PLY_OF_DHAKA_CITY_MURKY_FUTURE_THE_
ISSUE_OF_ACCESS_AND_INEQUALITY

UNDP (2013). Human development report 2013, Summary
Report. United Nations Development Program (UNDP).
Retrieved July 27, 2021, from http://hdr.undp.org/en/
content/human-development-report-2013-summary

UN-Habitat (2011). Forced eviction, global crisis, global solu-
tions. Retrieved Nov 10, 2021, from https://unhabitat.
org/forced-evictions-global-crisis-global-solutions

@ Springer

United Nations (1977). Report of the United Nations water
conference, UN conference report no. E.77. II. A.12.
Retrieved Sept 6, 2021, from https://digitallibrary.un.org/
record/724642

United Nations (2002). The right to water, general comment
no. 15 of the economic and social council. Retrieved Jan
21, 2021, from https://www.refworld.org/pdfid/45388
38d11.pdf

United Nations (2010). The right to water, fact sheet no. 35.
Retrieved Oct 2, 2021, from https://www.ohchr.org/
Documents/Publications/FactSheet35en.pdf

United Nations (2015). Paris agreement. United Nations Treaty
Collection. Retrieved September 10, 2021, from https://
treaties.un.org/pages/ViewDetails.aspx ?stc=TREATY &
mtdsg_no=XXVII-7-d&chapter=27&clang=_en

United Nations (2016). The right to the city and cities for all,
habitat III policy papers. Retrieved Sept 10, 2021, from
https://uploads.habitat3.org/hb3/Habitat%20I11%20Pol
icy%20Paper%201.pdf.

United Nations (2018). The world’s cities in 2018, data book-
let. Retrieved Oct 2, 2021, from https://www.un.org/en/
development/desa/population/publications/pdf/urbanizati
on/the_worlds_cities_in_2016_data_booklet.pdf

Wagle, P. (2022). Securing human right to water of slum-
dwellers in Mumbai, India: Achievements, limitations,
and institutional appropriation. Geoforum, 132, 1-9.
https://doi.org/10.1016/j.geoforum.2022.03.016

UN Water (2010). Climate change adaptation: The pivotal role
of water, Policy and Analytical Briefs. Retrieved July 7,
2021, from https://www.unwater.org/publications/clima
te-change-adaptation-pivotal-role-water/

World Urban Forum (2004). World charter on the right to the
city. Retrieved Oct 21, 2021, from https://www.hlrn.org.
in/documents/World_Charter_on_the_Right_to_the_
City.htm

World Bank (2017). Dhaka (Bangladesh)—land use/
land cover maps (ESA EOA4SD-Urban), Data
catalog. Retrieved Nov 10, 2021, from https:/
datacatalog.worldbank.org/dataset/dhaka-bangl
adesh-land-use-land-cover-maps-esa-eo4sd-urban

Watich, A., Beresford, M., & Carvajal, C. (2016). Can informal
water vendors deliver on the promise of a human right to
water? Results from Cochabamba, Bolivia. World Devel-
opment, 79, 14-24.

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

Springer Nature or its licensor (e.g. a society or other partner)
holds exclusive rights to this article under a publishing
agreement with the author(s) or other rightsholder(s); author
self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement
and applicable law.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Terms and Conditions

Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature™).
Springer Nature supports a reasonable amount of sharing of research papers by authors, subscribers and authorised users (“Users”),
for small-scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are
maintained. By accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use
(“Terms”). For these purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial.

These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or
a personal subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or
a personal subscription (to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the
Creative Commons license used will apply.

We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data
internally within ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking,
analysis and reporting. We will not otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of
companies unless we have your permission as detailed in the Privacy Policy.

While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that
Users may not:

1. use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to
circumvent access control;

2. use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil
liability, or is otherwise unlawful,

3. falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by
Springer Nature in writing;

4. use bots or other automated methods to access the content or redirect messages

5. override any security feature or exclusionary protocol; or

6. share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer
Nature journal content.

In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates
revenue, royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain.
Springer Nature journal content cannot be used for inter-library loans and librarians may not upload Springer Nature journal
content on a large scale into their, or any other, institutional repository.

These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any
information or content on this website and may remove it or features or functionality at our sole discretion, at any time with or
without notice. Springer Nature may revoke this licence to you at any time and remove access to any copies of the Springer Nature
journal content which have been saved.

To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express
or implied with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or
warranties imposed by law, including merchantability or fitness for any particular purpose.

Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be
licensed from third parties.

If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other
manner not expressly permitted by these Terms, please contact Springer Nature at

onlineservice@springernature.com



mailto:onlineservice@springernature.com

