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Introduction

More than 55 percent of the world’s population now lives in urban regions, with urbanisation rapidly increasing in
low- and middle-income countries in Asia and Africa (UN, 2018). As we move towards an increasingly urban planet,
urban regions and their governments need to avoid getting locked into development pathways that put an
increasing pressure on their natural and economic resources and may not be sustainable in the long run.

Most key urban Sustainable Development Goals (SDGs) assume the provision of some form of grid-based
infrastructure to enable universal service provision in the areas of water and sanitation (SDG6), clean energy
(SDG7) and sustainable mobility and ICT connections (SDGT1). This is based on the 20th century experience of
urbanisation in Europe, North America, Australia and parts of Latin America. This is neither true and may be
unsustainable and unaffordable in parts of Asia, Africa and Latin America for the bulk of the incremental
urbanisation of the 21st century, which will see an addition of 2.5 billion people to urban areas by 2050 (UN, 2018).

Cities and urban regions draw on natural resources, like water, from beyond their physical footprints. as well as
create environmental and ecological impacts that extend beyond their administrative boundaries. The food-
water-energy nexus is critical as resource and ecological constraints to urbanisation and urban expansion, in
many regions. Urban regions are facing reduced availability and access to quality water. Urban water
infrastructures are under threat from environmental degradation and land use change. They are simultaneously
under severe pressure from changing climatic conditions such as irregular rainfall, a growing drought incidence,
and rising temperatures, all of which are likely to be exacerbated by current development trajectories. As
population densities and urban inequality increase, vulnerability and exposure to hazard risks also increase. All of
these will have human well-being, public health, environmental health, and economic consequences.

Urban regions across the world therefore have populations that are increasingly vulnerable as the benefits of
development are highly unequal across socio-economic classes. Access to water-related services and linked
economic activity are deeply enmeshed with poverty, informality, sub-optimal technical arrangements and high
relative costs. Nevertheless, there is widespread innovation that blends hyperlocal, local, and innovative services
provision with a range of institutional and governance arrangements. Emerging planning and governing
processes for urban regions need to begin to innovate urgently to respond to water and climate risks, while
simultaneously building resilience.

The paper provides an overview of the current and emerging challenges that cities and urban regions face in the
context of water stress, rapid environmental change, and social and political transitions. Drawing on case studies
from key regions across the Global North and South, it points to some examples of ways forward.

Urban water

Urban settlements are marked by the diverse uses of water at differing scales as it includes: the household scale
of domestic use, a larger quantum of use in economic and industrial uses of water and water-linked ecosystem
services water often at the scale of the urban region. Across these types of uses, urban water is often sourced
from beyond the region through piped water infrastructure and more locally through groundwater aquifers. While
many urban neighbourhoods are connected to gridded piped water infrastructure, there are several others that
continue to stay outside the formal water system (Colenbrander, 2016). Communities outside the gridded water
infrastructure rely heavily on groundwater directly (sourcing water from within the urban boundary) or indirectly
(through tankers and water vendors who could extract surface or groundwater from beyond the urban
boundary). The latter often is an unregulated water supply market where vendors charge costly premiums to
customers (Beard & Mitlin, 2021). Urban residents are willing to pay premium prices for consistent water supply in
the absence of a reliant formal water connection (Magnusson & Van Der Merwe, 2005). Access to water has
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deeper implications beyond the financial cost of the resource. It has interconnected implications on access to
food and energy, access to infrastructures of health, sanitation, and education among others (Bharathi et al.,,
2022) . These interdependencies make urban settlements a crucial site for the integrated local implementation
of the SDGs.

At the moment there is a dissonance between institutions that are responsible for water supply along the lines of
use (domestic, industrial and ecosystem services), source (surface water, groundwater) and scale (municipal/
local, regional and federal). This means that there is very little horizontal or vertical interaction between the
institutions in charge on questions of urban water security (Gupta & Pahl-Wostl, 2013). This is a fundamental issue
that is at the heart of water management and is a pivotal reason to use water as the organising principle. This is
all the more important in the context of future urban transitions that will have a large water footprint not just in
terms of domestic water consumption but in the process of creating the social and physical infrastructure that an
urban settlement requires. Centering water and climate change at the heart of future developments is a necessity
to ensure that we stay within the safe operating space of water use (Grafton et al., 2023).

Urban water use may not be comparable in terms of quantum as compared to other types of water use,
especially irrigational use: 70% of freshwater goes into agricultural uses while only 12% of freshwater is utilised
for domestic purposes (UN, 2024). However, the implications of urban water are far reaching. Urban water
demand has impacts on water resources that are direct (e.g. through overuse of water, and pollution of sources)
but also has embedded for food, energy and infrastructure. It is estimated that by 2030, there will be a global
40% freshwater shortage (Koop et al., 2017) which will have serious implications in the way urban transitions will
occur. Additionally, latent challenges such as large gaps in data, poor capacity, lack of sufficient and consistent
finance apart from the underlying fragmented institutional structure, make the urban water situation a complex
one to unpack, in most regions. In the next section we aim to elucidate some of the major challenges around
governing urban water and use case studies from the Global North and South to illustrate them.

Challenges with governing urban water

The challenges around governing water at the urban scale are unique due to the diverse types of water use
vis-a-vis the quantum of water used and the fragmented governance of each use and type of water. In this
section we address a few key challenges such as fragmented water demand, backward and forward linkages of
urban water, financial and capacity constraints and finally the fragmented governance processes. We begin by
describing the water crisis at the urban scale, particularly drawing attention to tangible and latent water
consumption around urbanisation.

Scale of the problem

Urbanisation is a resource intensive process that is important not only at the subnational scale, but also globally. It
is a complex process motivated by multiple factors, of which global politics and investments are important drivers.
Decisions made around global trade and politics have deep implications at the local urban scale, particularly in the
rapidly developing countries in the global south. Increasingly, investments towards industrial and economic growth
are tied to urbanisation processes through mega projects like economic corridors (S. Anand & Sami, 2016). While
economic prosperity that follows such developments in the form of increased GDP may improve access to utilities
and services, it will be at the cost of depleting natural capital, in turn affecting marginalised and vulnerable
populations (Grafton et al., 2023). Further, in the face of large-scale future urban transitions, trade-offs between
natural resource management and conservation, dealing with urban environmental challenges, particularly climate
change, as well as balancing the aims of balanced and just economic growth are critical to understanding and
addressing the unique challenges and demands of urbanisation. An understanding of the deeply embedded nature
of water in urbanisation processes is essential to enable sustainable urban futures.
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Urbanisation is also not a uniform process and is influenced by particular histories that shape the realms of
equity, access and demand with regard to urban resources in the contemporary period. The urban fabric
therefore is heterogeneous, where urban neighbourhoods are diverse but also segregated along socio-economic
markers. (Bharathi et al., 2022) illustrate an inverse relationship between urban segregation and availability of
public services which is important to consider since the asymmetry in access to water is often not captured in
administrative data collection processes. Balakrishnan & Anand (2015) refer to ‘shadow areas’ reflected in Master
Plans, that are neighbourhoods with poor access to health and education. They use variables in the Indian context
to show the correlation between access to water and sanitation to the socio-economic status and housing access
of urban populations. Drawing from socio-economic data analysis in the context of Bengaluru, they argue that
there are sub-cities marked by access to basic urban utilities. In this scenario, participatory bottom-up
approaches towards gathering data and making policy decisions is necessary to understand the complexity of
these issues and address them appropriately. Fragmented water demand makes it challenging to account for
different water uses in urban settlements. In the next section we highlight a few important urban blue and green
water uses while reflecting on the interconnected nature of the SDGs through them.

Fragmented water demand

Urban water use is particularly difficult to manage due to the diversity of water demand in a relatively dense
region. It includes 12% that goes into domestic water use consumed at a household scale, 20% that is consumed
for economic/commercial/industrial purposes at a much larger scale and the ecological and environmental flows
in the urban region which are scattered across the urban region (UN, 2024). An added layer of complexity lies in
the fact that each of these categories use water from different sources with a varying ratio that depends on
access and tariff of water.

Water for these diverse uses is sourced from beyond the urban region through piped water infrastructure and
more locally through groundwater aquifers and is supplied through diverse mechanisms raising questions of
equity and access. There is also a dissonance between institutions that govern water according to use (domestic,
industrial and ecosystem services), according to source (surface water, groundwater) and according to scale
(municipal/local, regional and federal). While this paper only concerns itself with the use of blue and green water,
an equally important point to note is the production of grey and black water' from these above-mentioned
spaces that need to be included in the holistic governance of urban water. We look below at different
components of urban water demand and their implications for sustainable water management in urban regions

Domestic consumption

At the domestic scale, universal access to piped water supplied via a network is lacking in most urbanising areas
of the global south. Gridded water infrastructure in the form of piped water supply is uneven in urban areas due
to embedded historical inequalities that have been reproduced across time (N. Anand, 2017). More often than not
this has resulted in marginalised communities having to pay premiums to access water from private vendors since
they are not connected to formal water infrastructure. Water connections in urban settlements are closely linked
to property and tenure rights of residents, in the absence of formal documents to acknowledge these rights
residents’ access to urban resources is further weakened. Balakrishnan & Anand (2015) show a correlation
between socioeconomic status and access to housing, to access to water and sanitation infrastructure. Increasing
urbanisation, especially in cities of the Global South, will exacerbate urban water equity and access concerns
(Amankwaa et al., 2022)particularly in off-grid and low-income neighbourhoods in the Global South. Digital
water infrastructure such as water ATMs (automated standpipes. Additionally, weaker access to safe
infrastructures of water and sanitation is linked to health and wellbeing of urban residents. In the larger context

T See ‘lIHS Working Paper: Transitioning Urban WASH’ for a more detailed analysis of urban grey and black water management.
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of implementing the SDGs, concerns around access to water should be extended to access to social
infrastructures. SDG 6 (clean water and sanitation) must be read and implemented in coordination with SDG 10
(reduced inequalities), SDG 11 (sustainable cities and communities) and SDG 3 (good health and well-being).
These issues however, cannot be addressed only with a top-down approach and require participatory processes
to understand the heterogeneity of these challenges across the urban fabric.

Economic demand

A second use of urban water is as an economic resource/input, has been growing with increasing urbanisation.
Currently 20% of the global freshwater reserves are used for industrial purposes, estimated to rise to 24% by
2025 (UN, 2011, 2024). Currently, availability of water does not guide economic planning in urban areas, leading
to unplanned extensions and extraction of water. While environmental regulations around water pollution and
treatment are stringent in most countries, the supply side of the equation is not addressed with the same
meticulous forethought. High commercial tariff is a common regulatory tool that plays a role in the consumption
of blue and green water. However, users often bypass this method of federal monitoring by accessing off-grid
water through borewells, tankers etc. (Tomer et al., 2021). This is crucial to consider particularly because the lack
of affordable water could become a severe constraint to economic growth and incremental development in
brownfield settlements.

A World Bank report states that economic growth rates are forecasted to decrease by up to 6% in certain regions
by 2050 due to the effects of water shortages (World Bank, 2016). Alternate solutions to local water scarcity may
prove to be too expensive, making drought prone and water scarce regions unsuitable for economic
development. It is equally important to move away from a regulatory framework that is highly dependent on the
tariff gradient since this disproportionately affects smaller economic/industrial enterprises in urban areas.
Urbanisation, economic development and industrialisation are closely tied phenomena and have been driven by
conceptions of mega infrastructure projects. In the last few decades, the resource-intensive infrastructure
industry has boomed particularly around big urban centres.

Ecosystem services

Urban water systems provide critical ecosystem services such as facilitating drainage and stormwater
management, hosting urban floral and faunal biodiversity, reducing evapotranspiration, replenishing groundwater
tables, regulating micro climate, mitigating urban floods, and in the larger maintenance of the water cycle (Garcia
et al., 2016; J. Li et al., 2020; Lundy & Wade, 2011; MEA, 2005). A unique feature of urban areas is the confluence
of grey, blue and green infrastructures that have a significant impact on the microclimate. The issue of scarcity
(“too less”) is often highlighted as a failure to meet urban water demands, however, the complementary issue of
urban flooding (“too much”) is an equally pressing matter. Urban flooding due to the lack of appropriate and
sufficient drainage systems is an overwhelming issue caused by multiple factors. Understanding drainage
patterns and water systems in addition to monitoring rainfall, is crucial to create an urban environment that is
resilient to risks like floods. Integrating these pools of data with urban planning methodology is crucial to allow a
more compatible practice of city building. In many urban settlements, the increasing erasure of wetlands and
water basins has contributed to the poor drainage that leads to floods (Ranganathan, 2015).

Conservation of water resources and wetlands such as lakes, tanks, groundwater aquifers contribute to the larger
percolation and drainage of excess water (Alikhani et al., 2021). Creating innovative solutions at the urban region
scale by implementing nature-based solutions through the integration of blue, green and grey infrastructures is
the need of the hour (Kabisch et al., 2017). This is particularly important since urban water consumption does not
occur in isolation and has many backward and forward implications as we highlight in the coming section.
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Backward and forward linkages of urban water

The water consumed in urban settlements has consequences that extend well beyond the confines of the city.
Cities are not self-sufficient entities and require resources from surrounding regions, this includes natural
resources like water. In this section we focus on backward and forward linkages of urban water use to illustrate
the impacts of considering the entire water supply chain. We refer to backward linkages as impacts of sourcing
water before the supply to urban settlements. This includes ecological impacts on watersheds, biodiversity and
non-urban communities. We refer to forward linkages as impacts post the usage of water in an urban area. This
includes tracing the path of wastewater and its consequences on settlements downstream an urban area.

Gridded piped water infrastructures rely heavily on large water sources like rivers and reservoirs to fulfil urban
water demands. Large scale and consistent extraction from these water bodies can have long lasting impacts on
water levels which would in turn impact the biodiversity and hydrology of the waterbody. Additionally,
groundwater extraction in aquifers outside the urban jurisdiction has dire effects on communities who rely on
them for domestic household use. In rural jurisdictions where agriculture is a major economy, the water diversion
to urban areas has severe impacts on the levels of groundwater. The unchecked use of groundwater within and
beyond urban landscapes have long term impacts on the resilience of aquifers. Changes to aquifers and
watersheds in turn impact the larger ecosystem they belong to, starting with soil biodiversity, a keystone in
agricultural economies.

Subsequently, water post use, in the forms of grey and black water, is disposed outside the urban regions it is
generated in. Globally, 80% of wastewater is disposed of into the environment (UN, 2018). A combination of
treated and untreated wastewater joining a flowing water body like a river adversely impacts communities that
are downstream. The contaminants also affect the biochemical properties of the flowing water that impacts life
under water. The safe disposal of waste water is embedded not only in SDG 6 (clean water and sanitation) but
also in SDG 3 (good health and wellbeing) and SDG 14 (life below water). However, in order to implement
coordinated and integrated actions in the future, we must have a clear understanding of the current situation.
Creating evidence-based decisions is possible only with accurate granular data that is periodically collected at
granular levels as we highlight below.

Poor monitoring of the urban water crisis

A big gap in the way urban water is governed is the lack of accurate timely data around consumption of water.
Considering that 80% of global gross domestic product (GDP) is generated in urban settlements, the monitoring
of urban resource consumption is key to finding more sustainable ways to develop (Hodson et al., 2012). With
regard to water use and consumption, it is critical to collect and record data regarding 1) natural water systems
including groundwater consumption, aquifer percolation rates, water quality, drainage patterns, rainfall patterns
etc; 2.) consumption data from gridded infrastructures - such as the piped water network; and 3.) consumption
data from off-grid sources of water - that are often primary sources of water for marginalised urban residents.
These are also key parameters in understanding the relationship of water to other social indicators such as access
to health and sanitation as we will show further in this section.

Data collection and monitoring has advanced significantly with the development of new technology that allows
for sensitive and real-time data collection and processing. State of the art Internet-of-Things (IoT) technologies
allow capturing data such as contamination detection, pipe leakage detection, flood forecasting among several
others(Fu et al., 2022). While data around water consumption and treatment is important for urban water
management, it also plays a critical role in addressing urban inequality. Using water data in coherence with data
around social security indicators such as access to healthcare, education, housing, sanitation etc would enable a
more integrated approach to addressing inequality in urban settlements. As Balakrishnan & Anand (2015) and
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Bharathi et al. (2022) illustrate in the case of Bengaluru, there is a correlation between access to public services
like water and sanitation facilities, to the socio-economic status and housing access of urban residents. Data
around urban inequality must be used to fulfil particular needs of marginalised communities outside the gridded
infrastructure. In the larger goal to implement SDGs, data around water can be used intersectionally to create
infrastructure, governance mechanisms and policies that are context specific and data driven.

In the absence of a holistic data availability, projections around urban water demand have been inflated in large
cities such as Mumbai as illustrated by (Tiwale, 2021). Ironically, the increased water demand and supply has not
necessarily meant equal access to the resource within the city. Marginalised groups and residents in urban slums
still do not have access to safe water. Furthermore, the narrative of scarcity in Mumbai has led to redirecting
water from other urban settlements and villages (ibid). At a larger scale, the demand for piped water has led to
larger investments in dam projects, interfering with irrigational infrastructures and justifying the diversion of
water from the hinterland.

An important point to consider while discussing problems around data and technologies that can capture and
record real-time sensitive data is the monetary and human resource investment necessary for them. Countries in
the global south often are not able to invest financially in these expensive technologies which not only require
expertise to manage but also timely maintenance. Underinvestment in water infrastructure is an existing issue,
which we illustrate in the coming section, that will extend to modern technologies without a serious amendment
to the status quo.

Underinvestment in urban water systems

Many instances of infrastructure failure have been traced to insufficient re-investment in archaic hydraulic infra-
structures and the poor capacity development of staff in the responsible institutions. Underinvestment in water
infrastructure has led to high levels of Non-Revenue Water and leakages along the system, which impacts the
financial sustainability of water utilities and supply institutions. This can also lead to a shortage of piped water
infrastructure as urban boundaries expand (N. Anand, 2015). When the repair and maintenance of piped water
infrastructure is not accounted for, it further exacerbates constraints in accessing safe water and its associated
health benefits. Paradoxically, increased investment in large water infrastructure like dams has only increased the
pressure on old piped urban water infrastructures due to the lack of periodical maintenance (Adams et al., 2020;
Barkin, 2011; Hordijk et al., 2014).

Related to the low investment in maintenance and repair of water infrastructure is the trend of water privatisa-
tion. Private players entering the water delivery space has commodified water use leading to intensified inequali-
ties across urban settlements. The pressure to increase return on the investment, often drives up the cost of
water that many urban residents cannot afford. This system inevitably reproduces patterns of inequity that are
manifested spatially across the urban fabric. Despite the focus on price, privatisation in the water sector has not
been successful in many countries. After a brief rise in the 1990s, private participation in the sector has signifi-
cantly decreased (MEA, 2005) resulting in the remunicipalisation of water without appropriate investment in the
upskilling of state actors or upgradation of technology (McDonald, 2018).
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Capacity challenges

An associated issue is the poor staff capacity around technological and governance upgradation. Investment in
capacity training and strengthening is often not part of reform initiatives, creating a gap in the deployment of
new technologies and management practices, by governmental system. Water unavailability is often addressed
by modernising and upgrading engineering systems without enabling the appropriate knowledge transfer to local
stakeholders. (Empinotti et al., 2018). Capacity building challenges however are not restricted to state actors.
They can extend to non-state actors who play vital roles in participatory governance. Efforts to enable a larger
support system to maintain urban water infrastructures that include non-state actors will allow a more diverse
decision-making process. Investing in the training and upgradation of all actors involved in decision making and
monitoring and evaluation to bridge knowledge gap, is important. However, the upskilling of state actors on new
technologies must be integrated with tacit knowledge on the urban water systems. Magnusson and Van Der
Merwe (2005) illustrate the importance of creating context specific policies around urban water use using the
case study of Windhoek in Namibia (see Box 2). The Namibian case study highlights the importance of address-
ing unsustainable water use as well as issues of access to safe water through a participatory governance mecha-
nism that includes non-state actors such as private water vendors in the larger discussions around urban water
security. We also use the case of Mexico (see Box 2) where water reforms did not include elements of capacity
building and timely flow of finance to local governments, leading to an overall poor governance mechanism. This
brings us to the underlying challenge of fragmented governance across sectors and across multiple scales and
jurisdictions. The subsequent section delves into issues around fragmented governance and its impact on the
siloed practice of urban planning.

Box 1: Water Demand Management in Windhoek, Namibia

Magnusson and Van Der Merwe (2005) describe the water demand management in the city of
Windhoek, Namibia through the lens of water justice resulting in a context specific policy architecture.
Water managers of Windhoek have to tackle a dual challenge of increasing urbanisation along with
unsustainable urban water use across a city that is segregated along serviced and unserviced
neighbourhoods. Serviced neighbourhoods are connected to the formal piped water infrastructure
while those unserviced by the gridded infrastructure buy water from private water vendors who charge
them a costly premium. The result is an urban water management system that can be interpreted and
adjusted to the specific characteristics of the neighbourhood’s context. In serviced neighbourhoods,
water managers chose to increase awareness campaigns around decreasing water use and used a block
tariff to incentivise efficient water consumption. Whereas in the unserviced neighbourhoods, water
managers chose to include private water vendors into the regulatory framework while they regulated
and supervise the water distribution system which increased access to safe and affordable water,
without extra investment into infrastructure. This is an effective example of how the demand and need
for water are both considered important issues to be addressed by water managers who are
instrumental in facilitating and calibrating water management tools.
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Box 2: Regulatory challenges in Mexico

Barkin (2011) illustrates the weakness of the Mexican regulatory system despite devolving important
responsibilities such as water distribution to local governments, due to lack of timely support. Water
distribution in Mexico is the responsibility of local governments following a mandate from the 1983
Constitutional amendment. This was a step to devolve responsibilities from the Federal government to
regional and local government. However, many local governments do not have the institutional capacity
or financial resources to procure, construct and maintain water infrastructure. Therefore, they are
increasingly dependent on federal funds for operations and investment. Adding to this issue is the fact
that much water consumption is not measured and many users are not registered in the system,
causing heavy revenue losses and weak regulation. Local agencies are often not supervised and do not
have a way to address grievances and demand accountability, creating an overall weak regulatory
framework.

Fragmented governance structures

The most striking challenge in the governance of urban water is the existing fragmentation of governance and
planning institutions across sectors reflected at many scales beginning with the global, sub-national and below.
Several scholars have observed that the fragmented nature of governance within countries presents obstacles to
effectively coordinating water management and planning with economic and urban development (Cook, 2014;
Gupta et al,, 2013; Hordijk et al., 2013; Pahl-Wostl & Knieper, 2014). The dissonance arises from the perception of
water as an economic resource by institutions focusing on economic development, as a natural resource by those
overseeing land use, agriculture, forests, and biodiversity, as a public good by consumers, and as a resource
imbued with cultural significance by other stakeholders. Further, long legacies of institutions working with limited
purviews and fixed responsibilities has cemented the respective values of water in the way it is governed. This
makes it additionally challenging to change fundamental structural patterns even when new integrative policies
are introduced. In the case of Botswana illustrated in Box. 3, the disjunct between urban planning and urban
water planning has led to an overall poor governance of urban water.

Box 3: Urban water planning in Botswana

Botswana’s urban planning and land-use planning has been codified through Development Plans since
1997, after years of haphazard and reactive urban expansion. The practice of urban planning in the
country, is a highly centralised process, reflected in administrative structure where local agencies are
highly dependent on the central government. The urban planning process involves surveys and data
collection around land use patterns, health and education infrastructure, economic activities and
employment patterns and housing. However, water demand assessment is addressed only by
calibrating the water supply infrastructure. Urban water planning is fragmented across institutions that
are in charge of urban planning and water planning and is not practised as an integrated process. This
results in a myopic understanding of how urban water must be managed, reducing it to issues of supply
and demand rather than a more holistic approach including conservation and management.

(E. Toteng, 2002).

Associated with fragmented urban institutions is the fragmented manner of urban planning praxis. The spatial
and financial bias in the planning process, results in the inadequate consideration of natural resources in the
urbanisation process. It does not consider perspectives of political ecology and ecosystem services, and
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minimises issues of water to that of insufficient engineering (Mehta et al., 2014). The benefit of implementing a
participatory governance mechanism is the easy inculcation of a participatory planning mechanism. A just urban
planning praxis is a crucial to tackle issues of inaccessibility and inequality. By ignoring elements of the urban
environment and climate change, cities are facing multiple simultaneous extreme water events. With growing
urbanisation and water scarcity, it is critical to unpack such disjuncts and work towards creating a more
sustainable and integrated governance and planning framework.

An instance of poor coordination between urban planning and urban wetland conservation can be observed in
Bengaluru, India. Bengaluru’s urban hydrology depends heavily on the man-made water tanks (a.k.a lakes) built
as a network infrastructure across the city over the last two centuries (Unnikrishnan et al., 2017). It was designed
to ensure smooth drainage and percolation of surface water to rejuvenate underground aquifers. Periodical
encroachment of the water bodies to create urban land has resulted in a rapid decrease in groundwater reserves.
Furthermore, dense urbanisation in the city over the three decades has created a more intensive freshwater use
in the city, adding pressure on the groundwater supply (Unnikrishnan et al., 2021) . At the moment, the scattered
governance of the lakes, in addition to a spatially motivated urban planning practice has resulted in a governance
framework that relies on short-term solutions that do not account for natural resource flows.

Another instance of poor urban water management having dire consequences on urban land is that of land
subsidence in coastal cities such as New York, Jakarta and Mumbai (Abidin et al., 2011; Nalakurthi & Behera,
2022). A NASA-led study has reported that there have been variations in the land elevation of the New York
metropolitan area. They suggest that land use practices are among the reasons for the land subsidence, making it
more vulnerable to flood risks (Younger, 2023). Severe groundwater extraction has been attributed to being a
major factor in occurrence of land subsidence, making the link between land and water management

a critical one.

Opportunities/solutions

Thus far, we have discussed challenges in creating a holistic urban planning system, in the next two sections we
explore a few ways in which it can be done. Water sensitive planning, for cities in particular, has been
implemented in cities in Australia and China. We look at a few key elements essential in addressing challenges
that we have identified above.

Developing water-sensitive plans for cities

A foundational principle while making water sensitive plans is the integration of water and urban planning.
Currently urban land use, economic development, transport planning, and water planning are usually parallel
processes with different line departments in charge of each process. The spatial and financially biased land-use
planning practice should be integrated with the hydraulic practice of water planning. Further, water planning
itself must plan for water of all kinds, moving away from the understanding that water security can only be
measured through the quantum of water in the gridded piped water supply. Water planning must include blue,
green, grey and black waters in the urban settlement since governance of these types of water is intrinsically
linked to urban land management. The prior mentioned elements of data around water use could then be
seamlessly integrated while making decisions around the urban area in question. Additionally, with a more
democratic, egalitarian and participatory planning and governing mechanism, tacit and traditional knowledge
around urban water systems can be used to create small scale solutions organically developed with local
communities (Sen & Nagendra, 2022). We look at two different approaches to creating water sensitive planning
in China and Australia (see Boxes 4 and 5 respectively). Water Sensitive planning includes planning for future
infrastructure aligned with the local hydrology. Infrastructure in the urban settlements has focussed dominantly
on availability of land and finance. As a result, dimensions of the urban environment are ignored which in turn

1
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produce environmental risks such as urban flooding, heat risks etc that are costly to address. When water is
considered as the organising principle, the local hydrology becomes central to the way urban settlements are
envisioned. Retaining and integrating natural drainage systems with modern sewerage infrastructure for instance
would ensure lower backflow. Sustaining and maintaining urban wetlands would increase percolation and
recharge of the groundwater, conserving urban biodiversity. (Sridharan et al., 2023).

Box 4: China’s Sponge City initiative

China’s Sponge City initiative is an active attempt at creating sustainable urban water management
through the use of nature-based solutions and usage of tacit knowledge directed at preserving water
security and ecological restoration. (X. Li et al., 2016; Yao & Bell, 2022). Innovative building practices
such as Water Sensitive Urban Design (WSUD), Sustainable Urban Design System (SUDS), and Low
Impact Urban Design and Development (LIUDD) have been implemented in select Chinese cities after
2015. The initiative includes vital actions such as urban natural ecological protection of green spaces
and wetland as well as ecological restoration which includes repair and maintenance of ecological
infrastructure that were damaged in the process of urban development. In some instances, it has
involved planning at a larger regional scale, by connecting surrounding water bodies through human-
made channels to increase surface water storage which also improves flood resilience. Small-scale
solutions have involved replacing older plumbing systems with new ones to prevent the mixing of
stormwater with polluted water which is collected in separate tanks for future natural infiltration into
groundwater. (X. Li et al., 2016).

Box 5: Water sensitive planning in Australia

The Australian government’s mandate to plan cities using Water Sensitive Urban Design (WSUD) began
with its initial focus to manage stormwater appropriately which informed a larger more comprehensive
framework to form a sustainable urban water management system (Wong, 2006). The framework
considered institutional fragmentation, which used innovative governance arrangements that included
local, regional and state department actors. It also considers community participation and engagement
by involving them in understanding water problems as well as finding suitable strategies to overcome
them. The inclusion of diverse non-state actors has resulted in small scale solutions. The separate
collection of household grey water and rainwater and their delivery to tertiary treatment plans, has
been successful. Further, the use of recycled wastewater and rooftop harvested water for non-potable
purposes reduced the use of freshwater by 80 percent. (Brown et al., 2009; Fogarty et al., 2021; E.
Toteng, 2002; E. N. Toteng, 2008; Wong & Brown, 2009).

Addressing fragmentation in governance structures

A closely related element in the pathway to attain better governance of urban water is addressing the
fragmentation between governance institutions that are directly and indirectly responsible for water. While this
seems simplistic, to have an effective governance mechanism in the long term, the governance process must be a
result of an integrated planning and governance system. Agencies and institutions in charge of these processes
must work in a coordinated manner even in the absence of a conflict. The disjunct between institutions is a
glaring issue that is reflected at many scales beginning with the global, sub-national and below.
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Intergovernmental water treaties and agreements have proved to be ineffective in most subnational jurisdictions
because sub-national governments have limited mandates, resources and agency in dealing with transboundary
issues. A serious recalibration of institutional processes and structures is necessary to address underlying
fragmentation of urban and urban governance, to create more holistic governance and institutional arrangements
for the future. (Gupta & Pahl-Wostl, 2013).

At the sub-national scale and below, a critical move towards having a robust governance system is by integrating
institutional processes across line departments. Fragmentation across ministries and departments in countries is
a well-studied concern across the globe (OECD, 2011). A New Culture of Water and Integrated Water Resources
Management (IWRM), are suggested responses to the fundamental disconnect between different state and
non-state stakeholders (Barkin, 2011; Biswas, 2013). A reconciliation of how water is valued and viewed by
different institutional stakeholders is key to establishing an integrated process. This arises from the perception of
water as an economic resource by institutions focusing on economic development, as a natural resource by those
overseeing land use, agriculture, forests, and biodiversity, as a public good by consumers, and as a resource
imbued with cultural significance by other stakeholders. Building a pragmatic regional consensus on the values of
water could play an important role in adjusting the goals, mandates and responsibilities of institutions, which is a
critical first step in coordination and integration of their functions. (Hubendick & Hebart-Coleman, 2023).

Moving further, the recalibration of institutional processes must include meaningful implementation of
participatory processes, without which elements of water justice and equity will not be complete. Participatory
processes do exist in most countries in some form, however the main critique of this method of seeking public
participation is that it works at hyperlocal or local scales and is challenging to scale up. Community engagement
is also challenging across metropolitan and urban regions as most communities are not homogenous and do not
have equal power and agency. Despite these valid criticisms, it is important to have participatory processes to
include non-state stakeholders, with varying levels of mandate and agency. We use the example from Accra,
Ghana (see Box 6) to illustrate the value of participatory processes in creating an adaptive governance system.
Water governance is an intrinsically political endeavour and should include stakeholders from all strata to create
an equitable system of governance. (Adams et al., 2020; Batchelor, 2007).

Box 6: Participatory processes in urban water governance in Accra, Ghana

Morinville and Harris (2014) illustrate successes and challenges with participatory processes around
urban water in Accra, Ghana. They focus on public participation through Local Water Boards (LWB),
established by elected representatives from local communities with the help of Ghana Water Company
Limited (GWCL), the municipal water supply company. The establishment of LWBs was an attempt to
create an adaptive governance system and increase local participation. According to the local context
and requirement, LWBs have also taken up additional responsibilities such as being in charge of
delivering water to the community by managing water tankers and kiosks among other administrative
tasks. LWBs have proven to be beneficial in extending water access to underserved urban communities,
the reduction of non-revenue water, in managing water prices and payment processes as well as
contributing to infrastructure development at the local scale. However, LWBs depend on voluntary time
and effort of individual members without compensation, highlighting the burden of devolution and
participatory governance on local community members. They also report that LWBs are not effective in
all the communities they have been established in, impacting the overall adaptive governance of the
city. This example highlights the complexities of participatory urban governance strategies. Public
participation poses numerous challenges, among which the social power and clout of individuals to
influence processes stand out as significant (Pahl-Wostl, 2009).
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Lastly, the inculcation of traditional/tacit knowledge of water systems into the larger political and technocratic
process of water governance is important to create a sustainable and equitable urban governance system.
Modern water infrastructures rely heavily on gridded piped water supply is the major water source. This has
proved to be insufficient in many cities and towns of the global south, resulting in large fractions of urban
consumers relying on supplementary sources of water. Rejuvenation of traditional decentralised water
infrastructures could help conserve groundwater and revive urban wetlands. The integration of modern scientific
methods with traditional technology is vital to ensure urban water security and conservation of the urban
environment. Conservation of urban wetlands and green infrastructures with modern technology is still
challenging. We use the case study of Jodhpur (see Box 7) to highlight how an incomplete integration of
traditional water systems with the grid-based piped water system exacerbated environmental risks (Mehltretter
et al,, 2023; van de Meene et al., 2011).

Box 7: Use of traditional water knowledge in Rajasthan, India

The water scarce Indian state of Rajasthan has many traditional water conserving technologies that
have enabled efficient collection of sparse rainfall. Over the last century, these water bodies and
auxiliary drainage infrastructure have gone to disuse. In an attempt to conserve water, the city of
Jodhpur rejuvenated a few stepwells, Jhalras, that have significantly increased the groundwater table.
However, as the city’s piped water infrastructure is the major source of water, the dependence on
traditional water harvesting systems has reduced considerably. The rejuvenation of the Jhalras along
with dependence on piped water supply has led to a situation where a rising groundwater table has
become a peril. The rejuvenation of the water bodies in addition to excess wastewater has contributed
to shallow groundwater that inundates buildings and causes property damage. The combined volume
of water also causes backflow of sewers and water logging. The case study highlights the importance
of integrating technologies appropriately, in a given context, where traditional tacit knowledge and
modern scientific method must be implemented in synergy. (Sridharan et al., 2023).
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