
HEALTHY DRY CITIES

Planetary health approaches for dry cities: water quality and heat
mitigation
Water sensitive cities show how holistic approaches can counter the health and wellbeing problems
associated with urban dryness, write Tony Wong, Nigel Tapper, and Stephen Luby
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About 1.6 billion people live in countries with water
scarcity, and this number is projected to double in
two decades.1 Cities tend to conflate and amplify the
challenges this brings, adversely affecting the health
and wellbeing of their inhabitants.

Global increases inpopulationandurbanizationhave
increased demand for natural resources such as
water. Climate change has exacerbated the effect of
these trends, and many cities now have insufficient
water supply tomeet demand.2 Long termadaptation
of global cities to climate change is crucial, especially
as it canalso improve theurbanenvironment, provide
health benefits, and mitigate further climate change.

Many responses to 21st century water challenges
continue to rely on entrenched technocratic
approaches of the 20th century such as trunk supply
of potable water for all purposes. Contemporary
approaches to improvingpopulationhealth,however,
emphasize holistic responses with social as well as
physical dimensions, as Frumkin and colleagues
highlight.3

New or adapted water infrastructure should be
integrated, flexible, and adaptive, incorporating
“nature based solutions.” Simultaneously, social
resilience should be strengthened to improve health
outcomes, including through raising community
awareness of water insecurity and the behavioral
changes needed and building societal capacity for
innovation. Governments need to create the
environment in which such transformations can
occur.

Contemporary urban water management affects
population health in two ways. Firstly, water scarcity
can reduce the quality of water accessed by urban
populations, worsening health and wellbeing,
particularly among poorer and more vulnerable
populations. Secondly, increasing frequency and
intensity of heat waves affect population morbidity
and mortality. We use our experience of managing
water in informal settlements indeveloping countries
to show the challenges that these communities face,
with possible solutions that approach water scarcity
holistically.

Integrated urban water management and
water sensitive cities
Over thepast decade, city planners,water authorities,
practitioners, and researchers in Australia have
collaborated to envision “water sensitive cities,” and
their principles are now emerging in city design.4

This newmodel has emerged in scientific, policy, and
practice domains and is embodied in concepts such
as integrated water cycle management.5 This is a
vision of holistic urban water management
incorporating physical and social dimensions,
including water availability for potable and
non-potable uses such as industry and agriculture;
safety from flooding; safety fromwaterbornediseases
andurbanheat; health andwellbeingassociatedwith
biodiversity and ecological health; and social
cohesion associated with green public spaces.

Integrated water cycle management aligns with
planetary health framing.6 Although the challenges
of water security are acute in dry cities, the water
sensitive cities approach is relevant in all climates.

Two key principles of water sensitive cities are that
our cities are water supply catchments and that they
provide ecosystem services. In essence, water
sensitive cities efficiently use the diverse water
resourcesavailablewithin their boundaries, including
recycledwater and stormwater; enhance andprotect
the health of urban waterways and wetlands; and
mitigate flood risk and damage.

Water sensitive cities create public spaces and green
infrastructure that harvest, clean, and recycle water,
increase biodiversity, sequester carbon, and reduce
urban heat island effects (whereby cities tend to be
hotter than surrounding rural areas). A thirdprinciple
espouses building and nurturing the social capital
within cities for climate adaptation and resilience.
These social-technical concepts reframe our water
governancearrangementsandcan improve thehealth
and wellbeing of communities vulnerable to
diminishing water security.

Protecting water quality
Water scarcity affects access to water of sufficient
quality, as well as quantity. Sources used for
drinking, washing, and recreation that are
contaminatedwith fecalwaste expose the community
to serioushealth risks; fecal-oral transmitteddiseases
are a leading cause of death for children globally.
These challenges are not confined to dry settings.
Many cities in wetter climates are still challenged by
seasonality andvariability ofwater availability,water
quality, and equitable access to suitable water
sources.

A common response to increasing demand and
diminishing capacity is to supply water for only a few
hours a day. But intermittent supply can
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recontaminate treated water with fecal organisms as contaminated
water can intrude through joints and cracks in the water network
as it is intermittently depressurised, further worsening health
outcomes.7 8 The pathways are often associated with groundwater
contamination caused by poor sanitation and drainage services,
contamination from floods, and anthropogenic pollution of
waterways.

Contaminated water sources (including groundwater) and living
environments profoundly affect the health and wellbeing of people
living in slums or informal settlements. These people are among
themost disadvantagedurbandwellers, lacking conventional trunk
infrastructure approaches of the 20th century, andbearing thebrunt
of increasingly severe droughts and floods.9 10 They show the
intrinsic link between ecological and population health. No access
to clean water and sanitation, combined with poor drainage and a
lack of flood management, exposes residents to multiple fecal
contamination pathways. Frequent floods expose residents to a
high level of environmental fecal contamination, with their
vulnerability exacerbated by extreme events arising from climate
change.

Framed by planetary health principles, a water sensitive cities
approach developed alternatives to current sanitation solutions for
informal settlements. A randomized controlled trial in Indonesia
and Fiji is evaluating these interventions for improvements to

population health and wellbeing, and also ecological health.11 This
research may offer an alternative to failed 20th century approaches
by deploying nature based solutions that respond to social and
physical context.

The interventions, formulated through a community co-design
process, combine established approaches to water, sanitation, and
drainage services with nature based technologies that fit into dense
urban communities. This effort combines expertise from many
disciplines, including epidemiology, water engineering, ecology,
landscape architecture, urban water governance, and behavioral
science. The interventions concurrently aim to tacklewater scarcity,
non-existent or inadequate sanitation services, flooding and
associated contamination, and adegradedwater environment from
poor land use and industry practices. Specifically, they include
access to a variety of sources of water with quality that is fit for
purpose, safe collection and treatment of sewage and grey water,
improved floodprotectionanddrainage, and theuseof naturebased
systems to improve the ecological health and quality of the natural
and built environment. Underpinning the success of all of these
interventions is the change in attitude, behavior and day-to-day
practices of residents. Figure 1 shows the development of a water
sensitive intervention in a typical slum environment, providing
flood-free access to dwellings with local sewage collection and
treatment througha constructedwetlandbuilt along the accessway.

Fig 1 | Water sensitive slum upgrading interventions providing flood-free and contamination-free access to dwellings with a sewage network and wetland technology for
safe sanitation services at Batua, Makassar, Indonesia

Co-designing the interventions with communities is essential for
capturing specific biophysical context of fecal contamination
pathways such as sanitationpractices, flood vulnerability, drainage
efficacy, and locations of daily activities, including children’s play,
domestic solidwastedisposal, andhousehold cookingandwashing.
The process also raises communities’ awareness of their
environment and vulnerability to fecal contamination and thus
strengthens community resilience to improve hygiene practices.
The participatory co-design promotes community understanding
of the functional roles and benefits of hybrid nature based
interventions and willingness to take responsibility for operating
and maintaining the interventions. These include periodic
maintenance of mechanical parts, desludging of the communal

septic tank, maintaining healthy wetland plants, and routine
surveillance of the operational efficacy of the interventions.

Reducingmortality andmorbidity from urban heat
Increasing heat wave conditions expose cities and towns to another
public health concern. Extreme heat events in Australia, for
example, have causedmoredeaths since 1900 thananyothernatural
hazard. An examination of extreme heat events in Australia from
1844 to 2010 found thenumber of deaths attributed to heat exposure
was 4555 (55% of total deaths caused by natural hazard) compared
with 1221 from flooding, the next highest cause of death. Causes of
death were assessed from several sources including the media,
government reports, and death certificates, and the estimated
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number of deaths attributed to heat exposure is a lower bound
estimate.12

Post-event analysis shows clear temperature thresholds or tipping
points across all climate zones ofAustralia,with little adversehealth

response below thresholds but substantial rises in adverse health
outcomes above them. A study in Melbourne (which has a dry hot
summer climate) identified an average 24 hour temperature
threshold of 28-30°C,13 above which mortality increased by 15-17%
for people older than 65 (fig 2).

Fig 2 | Mortality anomalies (excess deaths) associated with heat among >65 year olds for Melbourne, Australia. Mortality rises substantially for temperatures above 28-30°C13

A subsequent study developed a heat vulnerability index14 that
extended the heat threshold concept to all Australian capital cities,
including those with wetter and humid sub-tropical and tropical
climates. This work showed clear spatial patterns of vulnerability
relating to socioeconomic factors and led to better preparedness
among the population and emergency services along with targeted
cooling interventions that have saved lives.15

Strategies to reduce temperatures by 1-2°C at the critical heat
thresholds will reduce heat related mortality and morbidity. For

example, installing fountains and misting systems increases direct
evaporative cooling; creating lakes and ponds provides surfaces
that stay relatively cool in daytime. Urban greening such as forests,
parks, vertical gardens, and other nature based features contribute
to cooling through evapotranspiration and shading (fig 3). But all
these strategies increase water demand. The principle that cities
are water supply catchments indicates that recycled water and
stormwater could be used.
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Fig 3 | Water sensitive city cooling technologies15

Intrinsic link between ecological and population health
The potential health benefits of a water sensitive approach are not
confined to dry cities. Evidence based policy drawing on the many
dimensions of urban design and water management could improve
the health and wellbeing of all communities. Water sensitive city
approaches highlight the intrinsic link between ecological and
population health, and how urban water management can benefit
both aspects. They also highlight the importance of supporting
physical interventionsbybuildingor strengthening social resilience,
through greater community awareness and society’s capacity for
fostering transformative change.
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