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430 million gallons of water per day (mgd) 
and ensure that the shortages experienced in 
the last century remain firmly in the past.

Tap 1 Imported water
Bilateral agreements were signed with Malaysia 
in the early 1960s, allowing Singapore to 
build a water-treatment works next to the 
Johor River and extract up to 250 mgd. A dam 
was then added to store water in the Linggiu 
Reservoir (see Figure 1). As well as benefiting 
from Singaporean investment and payments, 
Malaysia is also able to buy back 2% of the 
water, once it has been purified.

Currently Singapore meets up to 40% 
of its water needs from the Johor pipeline. 
However, talks to extend this arrangement 
beyond 2061 fell through, after a failure to 
agree on quantity and pricing. Singapore has 
therefore looked to extend its home supplies. 
Geopolitically this makes sense, but can 
Singapore manage to meet rising demands 
without Malaysia’s help? Much will depend 
on how successful the PUB is in its efforts to 
extend its other three national taps.

Despite the heavy tropical rains that 
fall on Singapore, water security has 
long been a matter of concern for 

the city state. Singapore is located 1º north 
of the equator, and has an average of 178 rain 
days each year, but it lacks the space to store 
sufficient water to supply its inhabitants and 
thirsty industries. Although demand for water 
is expected to double by 2060, the small island 
nation (see Box 1) is determined to move away 
from its reliance on freshwater imports from 
neighbouring Malaysia.

Climate change adds an extra challenge 
to Singapore’s bid to be water independent 
by 2062, as temperatures rise and rainfall is 
expected to become less reliable.

The four national taps
It is the responsibility of Singapore’s Public 
Utilities Board (PUB) to work with other 
national agencies, businesses, industry and 
the general public to provide the country 
with ‘an efficient, adequate, clean, safe and 
sustainable supply of water’. Four ‘national 
taps’ are used to meet the current demand of 
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Box 1 Singapore facts

• A city state (719.2 km²), located just off 
the southern tip of Peninsular Malaysia.
• Tropical climate with average 
temperatures of 27°C, high humidity and 
2,300 mm average annual rainfall.
• Population: 5.6 million with a density of 
7,797 people per km² 
• GDP (PPP): US$56,700 per capita making 
it the third richest country in the world after 
Qatar and Luxembourg.
• Water demand: 430 million gallons a day 
(mgd). Domestic consumption 45% and non 
domestic consumption 55%. 
• After 17 years of no change, Singapore’s 
water price is set to rise by 30% over the 
next 2 years.

Water security is a challenge for a state as tiny and highly populated as 
Singapore. This article describes the combination of approaches used 

to meet current need, and Singapore’s plans for a sustainable future 
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little significance in Singapore. Likewise, the 
country has no large natural lakes and no 
rivers more than 10 km in length (the Kallang 
River being the longest). Population pressure 
means that much of Singapore Island has been 
built upon, with high-rise f lats and offices 
dominating the skyline. So although rainfall 
is high, storing rainwater is a challenge, and 
until recently much of it flowed quickly across 
the concrete urban surfaces and eventually 
out to sea. 

The PUB intends to change this, with its 
call to ‘collect every drop of water’. A network 
of 17 reservoirs currently captures water from 
two thirds of the country’s land area. The most 
recent of these are located downstream, in the 
tidal reaches of Singapore’s main rivers where 
freshwater mixes with seawater and the threat 
of floods is ever present (Figure 2).
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Figure 1 Map of Johor River, the source of water imported to Singapore from Malaysia
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Tap 3 NEWater
To help the country become self-sufficient, 
the PUB also seeks ‘to reuse water endlessly’ 
and is taking a circular-economy approach 
(see Further reading) with its third national 
tap. Wastewater from homes and industry is 
collected and transferred underground along 
a 48 km deep tunnel sewage system (DWSS) 
to one of the country’s five NEWater treatment 
plants. Here dual membrane filtration and 
ultraviolet disinfection are used to purify the 
water relatively cheaply.

At present NEWater is supplied mainly 
to the non-domestic sector, as it was felt 
that households might be uncomfortable 
with the concept of their water coming from 
the sewers. However, NEWater is potable 
(drinkable), meeting stringent Word Health 
Organization standards, and measures have 
been taken to address these concerns and 
encourage public acceptance. As a result, 
NEWater is now routinely added to storm 
water runoff in the surface reservoirs, when 
levels need boosting.

Plans are also underway to combine sewage 
sludge, from the processing of NEWater, with 
municipal food waste in a digester. The biogas 
released can be used to generate electricity for 
the national grid. Such nexus thinking is 
very much in line with Singapore’s integrated 
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Figure 2 Map showing the location of Singapore’s reservoirs
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Figure 3 Map of Marina Bay showing the location of the reservoir and barrage

Marina Reservoir
Marina Reservoir (Figure 3) is an impressive 
example of such a scheme. Completed in 
2008, this waterbody owes its existence to 
two particular feats of engineering: land 
reclamation and the Marina Barrage:

 ■ Over the years the Singapore government 
has carried out a number of extensive land 
reclamation projects, including an ambitious 
development beyond the point where the 
mouths of the Singapore and Kallang River 
previously met the sea. The loop of land that 
was created helps to form a nearly circular 
bay (Marina Bay), around which the CBD 
is spreading.

 ■ The Marina Barrage was built across 
the narrow channel at the far end of the 
bay to prevent further incursions of sea 
water. The salt water trapped behind this 
barrier was gradually f lushed out to sea at 
low tide, through sluices. After 2 years, the 
newly formed reservoir was ready to supply 
Singapore with 10% of its freshwater.

Flood prevention remains a key concern. 
Weather records show that Singapore is 
experiencing heavier rainfall than in the 
past (maximum rainfall in 1 hour was 
96 mm in 1980 and 117 mm in 2012) and 
a major storm could lead to this lowland 
reservoir f looding valuable real estate in 
the downtown area. Thus, it is essential for 
excess runoff to be released safely into the 
sea. Huge pumps are in place at the Marina 
Barrage to carry out this task, should peak 
discharge coincide with a high tide when the 
sluice gates would be inoperable. It is also 
vital that communications between upstream 
hydrological stations and the barrage pump 
house are effective.

The government remains confident that its 
lowland reservoirs can cope with the flood risk 

and more are planned. The aim is to increase 
the catchment area for freshwater provision 
to 90% of Singapore’s land area by 2060. 
However, to put things into perspective, the 
surface area of the Linggiu Reservoir (55 km²) 
in Malaysia is five times greater than all of 
Singapore’s reservoirs combined. 
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Active, beautiful, clean  
(ABC) water
Less than 50 years ago Singapore’s main 
waterways were terribly polluted. Raw sewage 
was discharged into the city’s rivers, along with 
effluent from pig and poultry farms, riverside 
industries and cargo boats. The stench was 
dreadful and disease widespread. In 1977, 
prime minister Lee Kuan Yew demanded 
change, making connect ions between 
economic development, environmental health 
and social wellbeing. 

In the ensuing clean-up, which lasted 
10 years, attention was not just focused on 
the river channels but extended to wider 
infrastructural improvements and urban 
redevelopment schemes in the drainage 
basin beyond. Life has now returned to the 
previously dead waters of the Singapore 
and Kallang Rivers. Without the success of 
this mammoth project, which led to vastly 
improved water quality, initiatives such as the 
Marina Reservoir would have been impossible.

A sense of place
Today Singapore’s ABC programme (launched 
in 2006) continues to focus on finding 
ways to maintain water quality. In the past 
Singaporeans were kept away from the main 
reservoirs, because of fears that human access 
would inevitably lead to pollution. This is no 
longer the case, and a huge effort is being 
made by the PUB along with the National 
Environment Agency to create a sense of place 
around the city’s waterways. Through the ABC 
initiative, numerous reservoir and riverside 
parks have been created, taking full advantage 

a great deal of electricity. However, it will help 
Singapore improve its water security, as access 
to salt water is guaranteed. The desalination 
plants also need less space than the reservoirs. 
This is an important consideration for land-
starved Singapore.

In terms of sustainability, desalination 
raises challenges for a country with few natural 
energy resources to draw upon. Research is 
therefore underway to help cut the energy 
needs of Singapore’s desalination plants 
through the use of alternative technology. A 
potential solution being explored involves the 
use of biomimicry. Mangrove trees are able 
to extract salt from seawater and attempts are 
now being made by scientists to copy these 
natural mechanisms so that freshwater can be 
commercially produced in the same manner.

approach to development. It is not surprising 
that the PUB intends to capitalise on this and 
raise NEWater’s contribution from 40% to 
55% of national consumption by 2060.

Tap 4 Desalination
Desalination, like NEWater, is considered to 
be a ‘climate-proof ’ means of meeting future 
water demand — neither of these processes 
relies on rainfall. Singapore’s two desalination 
plants use seawater reverse osmosis to supply 
25% of the country’s freshwater needs. Two 
further plants are scheduled for opening by 
2020 to bring this figure up to 30%. 

On the down side, desalination is an 
expensive method of supplying water — it is 
triple the price of importing the equivalent 
amount of water from Malaysia because it uses 

Biomimicry  Modelling systems on 
biological processes.

Nexus thinking  Recognising the crucial 
interdependence of supplies of water, 
energy and food.

Glossary 

More information about Singapore’s 
water management strategy can be found 
on the PUB website: www.pub.gov.sg/
watersupply

Time-lapse video showing the 
transformation of Bishan Park:  
www.youtube.com/
watch?v=m15zd7YLBBw

Oakes, S. (2017) ‘Everybody’s talking 
about… The circular economy’, GeoGraphy 
review Vol. 30, No. 4, pp. 34–36.

Further reading 

Biofiltration alongside the 
MacRitchie Reservoir 

Riverside walk leading to Marina Bay 
through the gardens in the bay (solar 
trees in the background)
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to ensure water security, outputs need to be 
minimised. This means finding ways to hold 
more water in local stores, without increasing 
the likelihood of flooding. At the same time it 
is beneficial to promote feedback within the 
system so less water is lost. Hence, the concept 
of ‘closing the loop’ forms the mainstay of the 
PUB’s management strategy (Figure 4).

Reducing dependence on Malaysia, for a 
resource as essential as water, is a challenge 
for Singapore. Demand is rising, climate is 
changing and land is in short supply. However, 
by adopting an integrated approach to water 
management and capitalising on technical 
innovations, the PUB remains optimistic that 
the country can become self-sufficient by the 
time bilateral agreements end.

Questions for discussion
1 Is it achievable for Singapore to stop 
importing water from Malaysia?
2 To what extent can it be argued that 
Singapore is adopting a holistic approach to 
water management?
3 Would you recommend Singapore’s water-
management strategy to other countries? 
Justify your answer.

of the cultural, aesthetic and recreational 
benefits of water. 

Residents, schools and private companies 
are invited to become ‘Friends of Water’ by 
adopting a local canal or drain to care for. 
The underlying philosophy is that if people 
identify with their waterways in a positive 
manner, so they will acquire a much better 
appreciation of the value of this resource and 
act more responsibly in return.

Sustainable urban drainage
As well as providing people living in high-
density residential area with places in which to 
meet up and enjoy nature, the ABC sites across 
the city incorporate other aspects of sustainable 
urban drainage systems. Rain gardens, bio-
retention swales and wetlands have been 
created to filter pollutants from runoff on 
its journey into the storage reservoirs. These 
small-scale ecosystems have the added benefit 
of increasing biodiversity in the urban area.

In some cases hard engineering has been 
replaced with a softer approach, such as in 
Bishan-Ang Mo Koi Park, where a concrete 
channel has been replaced with a more natural 
meandering waterway (see Further reading for 
a time-lapse video). River water is allowed 
to spill over the surrounding parkland in 
times of high discharge, slowing runoff and 
reducing the risk of flooding in more heavily 
built areas further downriver. 

Closing the loop
In its role as Singapore’s national water 
agency, the PUB is tasked with overseeing the 
country’s entire hydrological system, which 
at national level is inevitably open. In order 

• Singapore aims to become self-sufficient 
in water by 2062. 
• This means moving away from relying on 
imported water and increasing the supply 
from catchment water, recycled water 
and sea water. 
• The Public Utilities Board (Singapore’s 
national water agency) takes an integrated, 
systems approach to water resource 
management, encouraging collaboration 
between different agencies.
• Although Singapore lacks space and 
has few natural resources, innovation and 
technology play a key role in improving the 
country’s water security. 
• Singapore is fortunate to have the levels 
of wealth and expertise necessary to 
support such initiatives.

Key points 

Yvonne Follows-Smith teaches geography 
and is the environmental education 
coordinator at Jerudong International 
School in Brunei Darussalam.

Figure 4 The concept of closing 
the water loop
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