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1 Introduction
Much has been written about the Singaporean economic miracle 
(e.g. Huff 1987; Krugman 1994; Chang 2003; Goh 2005; Siddiqui 
2010) but less well known, at least in North America, is the innov-
ative approach that Singapore has taken towards water resource 
management. As such, the objectives of this paper are:

1. Outline Singapore’s closed loop, integrated systems 
approach to water management, locally known as 
the Four National Taps, explaining why the approach 
was implemented and factors that have led to its 
success;

2. Review the diversity of low impact development 
(LID) technologies implemented as part of the Four 
National Taps, including a discussion of technology 
performance; and

3. Summarize preliminary findings of some pilot stud-
ies undertaken by students at the National Institute 
of Education, Nanyang Technological University, 
related to Singaporean acceptance of NEWater, their 
understanding of stormwater issues, and stormwater 
runoff quality characteristics.

The Four National Taps of Singapore: A Holistic Approach to Water 
Resources Management from Drainage to Drinking Water

K. N. Irvine, L. H. C. Chua and Hans S. Eikass

Abstract

Water resources in Singapore are managed following the principles of a closed loop hydrologic cycle by one agency, the Public 

Utility Board (PUB), which promotes its management philosophy through the Four National Taps of Singapore program. The four 

national taps are: water from local catchment areas; imported water (from Malaysia); reused water (known as NEWater); and de-

salinated water. Given the uncertainty of water imports, the remaining three national taps have become increasingly important 

and this paper begins with a general overview of the innovative programs implemented by PUB in support of these three taps. 

Stormwater runoff is captured from two-thirds of Singapore’s land area and stored in reservoirs for subsequent use. Stormwater 

management is an important component of the catchment area tap and extensive low impact development (LID) implementation 

has become a priority through the ABC (Active, Beautiful, Clean) Waters Program. Examples of several ABC Waters projects are dis-

cussed. NEWater currently supplies 30% of the country’s demand and this is projected to increase to 50% by 2060. NEWater plants 

take treated wastewater through the additional steps of microfiltration, reverse osmosis and ultraviolet treatment for use primarily 

in industry, although a portion also is blended into the municipal reservoirs. Singapore’s single desalination plant currently meets 

10% of its demand, with a second plant to be completed in 2013 that will more than double production. Also discussed are the 

results of recently completed pilot projects related to stormwater management including testing of E. coli in runoff from high 

density residential areas, a blind taste test and survey on acceptance of NEWater, and a survey of Singaporean understanding 

about stormwater management issues.

Keywords: water supply, LID–BMP, water quality, stormwater, water treatment.

2 Background to the Current Situation in 
Singapore

2.1 History, Politics and Policy Development
To fully appreciate the current, innovative path that Singapore 
has pursued with respect to water management it is important 
first to have a quick overview of Singapore’s recent history and 
associated politics. The first permanent settlement on the island 
appears to have been established in the late thirteenth century, 
but the Lieutenant-Governor of Bencoolen (now Bengkulu) in 
Sumatra, Sir Thomas Stamford Raffles, is credited with establish-
ing the current city-state in 1819. Raffles had been tasked with 
establishing a port of call as British traders needed a strategic 
location to provision their merchant fleet sailing between India 
and China, and a strong foothold was desired to counter the 
Dutch presence in the region (Turnbull 1980; Murfett et al. 1999). 
Soon, the island’s policy of free trade, as opposed to the restricted 
trade practiced by the Dutch and Spanish (Trocki 2006), attracted 
merchants from all over Asia and from as far away as the United 
States and the Middle East. The early beginnings of multicultur-
alism were established, and this tradition carries on today with 
predominant ethnicities being Chinese (74.1%), Malay (13.3%), 
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Indian (9.2%), and others (including Europeans, 3.3%) (Singapore 
Demographic Bulletin, April 2012, http://www.ica.gov.sg/data/
resources/docs/Media%20Releases/SDB/SDB_April%202012.pdf). 
From 1824 through 1942 Singapore operated under British col-
onial rule, as Singapore was ceded in perpetuity to the East India 
Company by the Sultan of Johor (part of present day Malaysia). 

On 15 February 1942 Singapore fell to Japan and was under 
Japanese rule until the end of World War II, at which time Britain 
regained control. However, the political climate in Southeast Asia 
was not the same after World War II (Ismail 2012) and Britain, 
facing post-war economic challenges and conflicting sentiment 
about colonial policy, granted the federated states of Malaya 
independence in 1957. By 1959 Singapore, under the leadership 
of Lee Kuan Yew and the People’s Action Party (PAP), was granted 
internal self government and subsequently joined the federated 
states of Malaya (now peninsular Malaysia), Sarawak and Sabah 
(eastern islands of Malaya) to form Malaysia in 1963. This union 
was short-lived, however, due to political differences, and Singa-
pore was asked to leave, becoming an independent republic in 
1965 (Liu et al. 2002). Interestingly, it was around this time (1961 
and 1962) that the Johor water agreements were signed, which 
provided up to 350 mgd (15.3 m3/s) of raw water to Singapore 
from Malaysia (Ong 2010).

The beginning of an independent Singapore republic was 
marked by the visionary leadership of Lee Kuan Yew, Singapore’s 
first Prime Minister (1965–1990) (Oei 1998; Ang 2013). Low (2011) 
asserts that Lee’s focused initiatives to green Singapore have 
made good business sense by reducing pollution and cutting 
business costs. The Garden City was aptly named as its well-
developed network of linked greenways and parks evolved from 
Lee’s first greening program, Tree Planting Day (Tan 2006). Joshi 
et al. (2012) documented the steps towards the successful clean-
up of the Singapore River between 1977 and 1986, emphasizing 
that Lee’s vision required close coordination between govern-
ment agencies and different sectors in Singapore, and a holistic 
approach to urban development, environmental management, 
sustainability and economic opportunity. 

As part of Lee’s holistic approach to urban environmental 
management, the Public Utility Board (PUB) was established in 
1963, initially to oversee the provision of electricity, water and 
piped gas (Khoo 2009). After a significant involvement with the 
Singapore River restoration, which also prompted the develop-
ment of separate storm and sanitary sewer systems, PUB relin-
quished its mandate to manage electrical supply in 2001. This 
marked the beginning of the Four National Taps water manage-
ment strategy. 

2.2 The PUB Philosophy of Water Resources 
Management

Singapore takes a holistic approach to managing its water resour-
ces, essentially overseeing the entire hydrologic cycle through 
one agency, PUB. PUB has termed this approach closing the loop 
and the philosophy is summarized in Figure 1. The core element 

of the closing the loop philosophy is the Four National Taps, or 
the four water supply sources for Singapore:

1. Imported water from Malaysia;
2. NEWater (recycled water);
3. Water desalination; and
4. Local catchments (i.e. stormwater runoff) and reser-

voirs.

Figure 1 The PUB approach to closing water loop (from 
http://www.pub.gov.sg/water/Pages/default.aspx).

The first three taps will be described briefly in this paper, 
but the focus will be on the fourth tap (local catchments). An 
understanding of Singapore’s geography is a necessary prerequi-
site to fully appreciate the magnitude of the country’s efforts in 
water resource management.

2 Geography of Singapore
Singapore is a small island nation-state located at the southern 
end of the Malaysian Peninsula. It has a total area of 715.8 km2, 
with an east–west length of only 49 km and a north–south length 
of 25 km. At a current total population of 5.3 million (up from 1.6 
million in 1960), Singapore’s population density of 7 257 people/
km2 is ranked the third most dense in the world, after Macau and 
Monaco. In comparison, the United States ranks 172nd with 34.3 
people/km2 and Canada ranks 220th with 3.8 people/km2. Singa-
pore’s per capita GDP in 2011 (adjusted for purchasing power 
parity and based on current international dollars) was higher, 
at $60 688 than either the United States ($48 112) or Canada 
($40 370) according World Bank statistics (http://data.worldbank.
org/indicator/NY.GDP.PCAP.PP.CD).

The climate of Singapore is classified under the Koppen 
system as a tropical rainforest (Af ) with no true dry season. 
Annual mean rainfall is approximately 2 343 mm and annual 
mean temperature is 27 °C. The annual maximum 60 min rainfall 
intensity 1980–2010, ranged between 70 mm/h and 130 mm/h. 
In keeping with its tropical rainforest classification, the mean 
number of days/month with rain ranges between 11 and 19, and 
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the minimum number of rain days per month is in the range 1 
to 3 (http://app2.nea.gov.sg/weather_faq.aspx, http://app2.nea.
gov.sg/weather_statistics.aspx). This amount of rainfall, and as-
sociated runoff, presents management challenges and eclipses 
the amounts experienced even in the wettest parts of Florida 
(1 730 mm per year).

3 The Four National Taps
3.1 Water Imports from Malaysia
As noted previously two water agreements between Malaysia 
and Singapore were signed in 1961 and 1962, the first of which 
expired in 2011 and the second of which will expire in 2061. 
The current (second) agreement still provides up to 250 mgd 
(1 137 000 m3/d, 13.16 m3/s). This water enters Singapore via a 
pipeline at the causeway between Singapore and Johor, Malaysia. 

Singapore and Malaysia have a long history of water import 
agreements that stretches back to 1927, and a new round of 
water negotiations began in 1998 which was linked to economic 
packages focusing on recovery from the Asian financial crisis 
(Tortajada and Pobre 2011). By 2003, Singapore had begun to 
look seriously for alternative water sources, including importing 
from Indonesia, and ultimately the negotiations with Malaysia 
ended without agreement (Tortajada and Pobre 2011). With the 
expiry date of 2061 for the second agreement approaching, this 
has become the de facto planning horizon for Singapore to ad-
vance and diversify its technologies as it moves towards the goal 
of water self sufficiency.

3.2 NEWater
Five NEWater plants now provide 60 mgd (273 000 m3/d), which 
meets 30% of Singapore’s water demands (Chew et al. 2011), and 
PUB expects that by 2060 NEWater will meet 50% of Singapore’s 
demand (http://www.pub.gov.sg/water/newater/Pages/default.
aspx). The NEWater plants accept treated wastewater and then 
further treat the wastewater using a three stage process that 
includes microfiltration, reverse osmosis and ultra-violet disinfec-
tion to produce water that meets U.S. EPA and WHO drinking 
water standards (Benett 2011). NEWater is used primarily as a 
replacement for potable water in industrial processing, including 
microelectronics and wafer fabrication, although a small percent-
age also is blended into reservoirs for indirect potable use. The 
NEWater plants are an outstanding example of the innovative 
research and development that resulted from the combined 
efforts of government and the private sector (Chew et al. 2011). 
The NEWater Visitor Centre provides daily guided tours of the 
plant and includes scale models of the processes and educational 
opportunities for schools and the public (http://www.pub.gov.sg/
water/newater/visitors/Pages/default.aspx).

3.3 Desalination
Once considered a costly last option for water scarce countries, 
desalination technology has advanced dramatically over the past 
decade (Bremere et al. 2001; Khawaji et al. 2008; Greenlee et al. 

2009). Singapore currently has one seawater reverse osmosis 
plant that produces 30 mgd (136 000 m3/d) and meets about 
10% of Singapore’s water needs (http://www.pub.gov.sg/water/
Pages/DesalinatedWater.aspx). A second 70 mgd (318 000 m3/d) 
desalination plant will be completed in 2013, and by 2060 the de-
salinated water is expected to meet 30% of Singapore’s demand.

3.4 Runoff from Local Catchments
In summary, by 2060, NEWater is expected to meet 50% of Singa-
pore’s demand and desalination will meet 30% of the demand. 
It is possible that water imports from Malaysia will continue past 
2061, but the fourth national tap to consider is collection of 
stormwater runoff from local catchments. 

Stormwater runoff is now captured from two-thirds of 
Singapore’s land area and stored in seventeen reservoirs through-
out the island for subsequent use. Furthermore, all major estu-
aries have been dammed to create reservoirs, and PUB intends 
to capture water from remaining streams near the shoreline, 
which will increase Singapore’s water catchment area to 90% 
by 2060 (http://www.pub.gov.sg/water/Pages/LocalCatchment.
aspx). One of the most recent additions to reservoir capacity is 
the Marina Barrage, which collects runoff from a 10 000 ha area 
having a population of around 1 000 000 people (Kamer et al. 
2008). A 350 m wide dam separates Marina Bay from the sea, 
while the bay receives freshwater discharges from the Singapore 
River, Stamford Canal, Rochor Canal, Sungei Whampoa, Kallang 
River, Geylang River and Pelton Canal. The barrage also provides 
flood control for local low-lying areas. Construction of the barrage 
was completed in 2008 and by 2010 the impoundment had been 
successfully flushed of seawater and converted to a freshwater 
reservoir. The Marina Barrage Activity Centre, constructed as part 
of the pump housing, includes a green roof, solar park, energy 
and water efficient fixtures (including double glazed glass and 
natural lighting), a cooling system that uses the reservoir water, 
and the Sustainable Singapore Gallery that provides educational 
opportunities about water, the environment and the Marina Bar-
rage operation.

Clearly, it is important, to the extent possible, to maintain 
stormwater runoff quality and thereby keep treatment costs for 
drinking water to a minimum. Water quality issues also must be 
balanced with local flooding issues and therefore stormwater 
management is of primary concern to PUB. The reservoirs receive 
discharge from approximately 7 000 km of drains and canals. 
Khoo (2009) noted that traditionally the canals and drains were 
covered, and when above ground were simply concrete conduits 
which resulted in a sense of detachment between people and 
the waterways. As such, PUB initiated its ABC Program in 2006 to 
reconnect Singapore’s population to its water. The ABC Program 
includes water based nature areas, but it has also supported 
extensive research and demonstration projects related to storm-
water runoff management and LID technologies (PUB 2011).

A full review of all stormwater management and LID tech-
nologies supported under the ABC Program cannot be provided 
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in this paper due to space limitations; however the following pro-
vides a sense of the diverse and innovative initiatives undertaken 
by PUB.

Raingardens (Bioretention Cells)
The first large-scale raingarden was constructed at Balam Estate 
in 2008. Balam Estate is part of the Housing and Development 
Board (HDB) of Singapore. a public housing initiative. The rain-
garden drains an area of 0.6 ha and has an effective stormwater 
treatment area of 240 m2 (Figure 2). Flow from the raingarden 
discharges to a local drainage canal. The design of the raingar-
den is described by Ong et al. (2012), but an important feature is 
the inclusion of a 0.3 m thick layer of rock and wood chips that 
provide anoxic conditions, which appears to enhance nitrogen 
removal. Ong et al. (2012) also reported the results of monitoring 
water quality inputs and outputs associated with the raingar-
den for 6 storms (peak 10 min rainfall intensities of 32 mm/h to 
84 mm/h) monitored in 2009 and 2010 (Figure 3). The average 
reductions for total nitrogen (TN), total phosphorus (TP), and total 
suspended solids (TSS) were 46%, 21% and 57% respectively, 
and Ong et al. (2012) suggested the lower percentage reductions 
were related to low inflow concentrations to begin with. In gen-
eral, however, the raingarden appears to be performing satisfac-
torily. PUB (2011) also highlighted 6 other raingarden projects in 
Singapore under the ABC Program.

Figure 2 Balam Estate raingarden.

Figure 3 Treatment efficiency of Balam Estates raingarden 
for 6 sampled events (TSS upper, TN middle, TP lower), 
data from Ong et al. 2012.

Stormwater Planters
These have been effectively integrated into the design fabric of 
major core shopping areas such as Orchard Road (Figure 4). 

Pervious Pavement
Pervious pavement has been installed in the majority of HDB 
housing estates (which are home to ~83% of Singaporeans, 
http://www.hdb.gov.sg/fi10/fi10320p.nsf/w/AboutUsPublicHous-
ing), as well as in commercial areas and institutions (Figure 5).

Figure 4 Stormwater planters, Orchard Road.
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Figure 5 Pervious parking place pavers.

Floating wetlands
Floating wetlands use emergent plants growing on a floating 
mat on the water surface rather than rooted in the sediments 
(De Stefani et al. 2011). The plants fixed to the floating substrate 
platform perform similar functions to a conventional wetland, 
including physical filtration, dissolved nutrients uptake and 
support for microorganisms, although in this case the nutri-
ent uptake is hydroponic rather than through the root system 
growing in sediment (Stewart et al. 2008; De Stefani et al. 2011). 
One of the advantages of a floating wetland system is that it can 
adapt to greater fluctuations in water level since the plants are 
not susceptible to prolonged submergence and drowning. For 
Singapore, an additional benefit is that floating wetlands can be 
installed at the existing reservoirs and no new land is needed to 
construct the wetland. Floating wetlands have been installed at a 
number of Singapore’s reservoirs (Figure 6).

Figure 6 Floating wetlands.

In a recent experimental study for the Kranji Reservoir 
in north-western Singapore Chua et al. (2012) noted that 50% 

removal rates could be obtained for total nitrogen and total phos-
phorus, but that full implementation would require an excessive 
mat footprint and the floating wetlands would need to be com-
bined with other measures to be optimally effective. De Stefani 
et al. (2011) note there are a limited number of studies that have 
reported treatment efficiencies and therefore studies such as that 
done by Chua et al. (2012) should be further pursued. 

Constructed Wetlands
Constructed wetlands require minimal technical expertise for 
maintenance, are cost effective and environmentally friendly. No 
chemicals are needed for treatment and electricity is not con-
sumed (Koottatep et al. 2005; Paing and Voisin 2005). Technically 
they are a feasible approach for treatment of stormwater runoff; 
municipal, industrial and agricultural wastewater; landfill leach-
ate; and faecal sludge (Nielsen 2005; Brix et al. 2007; Kengne et 
al. 2008; Koottatep and Panuvatvanich 2010). Visoth et al. (2010) 
summarized wetland treatment efficiencies reported in the litera-
ture and found that while performance can vary, the TSS removal 
was in the 25% to 86% range, TP in the 15% to 75% range, and TN 
in the 0 to 55% range; up to 70% of total zinc (Zn), copper (Cu), 
and lead (Pb), also could be removed. Constructed wetlands in 
various configurations have been installed throughout Singapore 
(e.g. Alexandra Canal, Larong Halus, Sengkang Riverside Park), 
and research on small scale neighborhood wetlands is ongoing at 
Grove Drive (PUB 2011, Figure 7).

Figure 7 Grove Drive pilot neighborhood constructed 
wetland.
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Green Roofs and Rooftop Gardens

Newman (2011) suggested that Singapore has been moving away 

from its original tag of The Garden City to City in a Garden through 

a combination of strategies, including the National Parks Board 

(NParks) Skyrise Greenery initiative that will fund up to 50% of 

the installation costs of green roofs and vertical greenery (http://

www.skyrisegreenery.com/index.php/home/incentive_scheme/

about/). 

Although not an ABC Waters Program, the potential bene-

fits of green roof technology in runoff control, energy savings, 

heat island reduction and air quality improvement have been 

identified (Wong et al. 2003; Li 2008; Stovin 2010; Chen and Li 

2011; Rowe 2011), and Singapore’s extensive efforts in skyrise 

greenery is worth noting as an example of PUB’s 3P (People, Pub-

lic and Private) philosophy for water management. In this sense, 

both the public and private sectors participate in skyrise greenery 

(Figures 8 and 9).

Figure 8 Roof top green play area, Orchard Centre (upper); 
Green roof, Nanyang Technological University (lower).

Figure 9 Boon Lay McDonald’s with green roof, stormwater 
planters and pervious paving.

Bishan Park/Kallang River Naturalization Project 
One of the remarkable achievements of the ABC Waters Program 
was the transformation of 3 km of the Kallang River in Bishan 
Park from a concrete drainage canal into a natural channel 
with meanders, pools and riffles, bioengineered slopes, and a 
cleansing biotope consisting of 15 cells in 4 terraces (Figure 10). 
Officially opened in March 2012, with a construction cost of $60 
million USD, the park has won a number of awards, including a 
World Architecture Award (2012), an Excellence on the Waterfront 
Honor Award (2012), and the President’s Design Award Singapore 
(2012) (http://www.landezine.com/index.php/2012/06/kallang-
river-at-bishan-ang-mo-kio-park-by-atelier-dreiseitl/). 

Figure 10 Bishan Park–Kallang River naturalized area 
(upper) and channelized area (lower), immediately 
downstream; the naturalized area looked like the 
downstream area prior to 2009.
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4 Results of Pilot Projects
This section describes the preliminary results of three pilot 
projects conducted by undergraduate students at the National 
Institute of Education (NIE), Nanyang Technological University 
(NTU), as part of the course requirements in AAG103 and AAG333 
during the Fall (August–December) semester, 2012. Because these 
studies were done as part of course requirements, their scope was 
necessarily limited, but collectively they underscore some of the 
issues raised in the previous section and suggest avenues for new 
research.

4.1 Acceptance of NEWater
One group of five students in AAG103 (Techniques in Geography) 
conducted a blind taste test of NEWater (described in Section 3.2) 
and of tap water from one of the student’s HDB apartments, and a 
questionnaire about acceptance of NEWater was administered at 
the same time. The survey was conducted on the NIE campus and 
the 60 participants included students, faculty, and non-technical 
staff, such as cleaners and food stall vendors.

A Mann–Whitney U test indicated participants preferred 
the taste of NEWater compared to the tap water sample (α = 0.05). 
Furthermore, a Spearman Rank Correlation showed a significant 
correlation (α = 0.05) between the level of understanding about 
NEWater and the level of acceptance that NEWater would become 
the main source of drinking water. Only 18% of those surveyed 
expressed an unwillingness to accept NEWater as part of their tap 
water for every day use. Ching (2010) conducted an analysis of 
223 newspaper articles for the period 1997–2008 and concluded 
that Singaporean news media had followed a rational, pro-policy 
approach in delivering messages about NEWater that had helped 
with its public acceptance.

4.2 Understanding of Stormwater Management 
Issues

One group of eight students in AAG333 (Resource and Environ-
mental Management) conducted a survey of 50 randomly selected 
people who were using Bishan Park (walking, exercising or relax-
ing) within the area of the naturalized Kallang River, described in 
Section 4.4. The results showed that 60% of the survey partici-
pants were unaware of the ABC Waters Program that had been 
implemented in Bishan Park (i.e. the reason for the naturalization 
and greening). Furthermore, 66% of the participants felt they did 
not have a good understanding about stormwater management 
and 36% of the participants disagreed with the statement “Animal 
waste and soapy water from car washing are pollutants”, while an 
additional 4% were unsure about the statement. Similar per-
centages also disagreed that runoff from yards, parking lots and 
streets could be a source of pollution.

4.3 Dry Weather Runoff Quality
Given the high-density development of Singapore and associ-
ated anthropogenic activities, high rainfall volumes resulting 

in extended periods of dry weather infiltration, and the collec-
tion of urban runoff in drinking water reservoirs, there is some 
interest in examining bacteria levels in dry weather flow. As such, 
two groups of students in AAG333 collected and analyzed dry 
weather samples in the storm drains of the Toa Payoh urban plan-
ning region, which is one of the first HDB estate areas constructed 
in Singapore. 

Samples were collected hourly on 8–9 October, 2013 in the 
storm drains of Toa Payoh Lorong 6 and Toa Payoh Lorong 8 
using Isco pump samplers and were kept on ice in the field at 
4 °C. Samples were analyzed for E. coli using the IDEXX Quanti-
Tray/2000 MPN method (IDEXX 2007; Chua et al. 2010) at the NIE 
Life Sciences Laboratory.

Results of the sampling effort are shown in Figure 11. 
Because additional tests that had limited reagent availability were 
being conducted on the water, sample hours 05:00 to10:00 on 9 
October were not analyzed. E. coli levels at Toa Payoh Lorong 6 
(geometric mean of 137 400 MPN/100 mL) were consistently 
higher than at Toa Payoh Lorong 8 (geometric mean of 
12 800 MPN/100 mL). At both sites it appeared that the E. coli 
levels were highest in the evening, 20:00 to 24:00 and lower in the 
midday, 11:00 to18:00.

Figure 11 E. coli levels for Toa Payoh Lorong 6 and Toa 
Payoh Lorong 8 sample sites.

The Toa Payoh Lorong 8 drainage area primarily is resi-
dential land use with a peripheral fringe of light industry, while 
Toa Payoh Lorong 6 includes residential land use, but also a busy 
commercial area and light industry. The difference in land use and 
anthropogenic activity may account for the higher E. coli levels at 
Toa Payoh Lorong 6, although this would need to be investigated 
in more detail. Interestingly, the students observed that at Toa 
Payoh Lorong 6 when the rubbish chutes and compaction bins 
for the apartments were being cleaned (which could include, for 
example, disposable diapers), the workers disposed of the wash-
water directly into the drains. Chua et al. (2010) reported E. coli 
levels in storm drains for sites in the Kranji Reservoir watershed 
generally to be in the 1 000 MPN/100 mL range, with extremes of 
1 000 000 MPN/100 mL. Maximum values from Toa Payoh Lorong 
6 were similar to those reported by Chua et al. (2010), although 
on average both Toa Payoh Lorong 6 and Lorong 8 E. coli levels 
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were higher than the Kranji sites. Results suggest that more work 
could be done to improve urban runoff quality, but it must be 
emphasized that Singapore is an urban area that is subject to 
anthropogenic activities and that the water from the reservoirs is 
rigorously treated before it is distributed to the tap.

5 Conclusions
Singapore has made remarkable strides in developing an 
advanced, innovative, and effective approach to water manage-
ment. The question is, What factors led to this management sys-
tem? There seem to be at least eight factors that have combined 
to facilitate the evolution of the current water management 
system:

1. Need With the uncertainty of pricing and continued 
water imports from Malaysia, there was an impetus 
to become self sufficient with respect to water;

2. Leadership and Vision Starting with the philosophy 
of Singapore’s first Prime Minister, Lee Kuan Yew, of 
a garden city, that has now evolved into a city in a 
garden, the leadership in Singapore consistently has 
developed the water management system in the 
interest of public good;

3. Political Will In addition to leadership, the polit-
ical structure and stability need to be in place to 
understand the importance of water and to have 
the ability to support water resource development. 
Leitmann (2000) noted that Singapore successfully 
balanced rapid economic development and environ-
mental quality by employing a number of effective 
practices including regulatory measures, planning 
controls, economic incentives, and public education 
campaigns. In this sense, Singapore has utilized its 
small size to its advantage as it is possible to more 
efficiently focus highly concentrated human and 
urban infrastructure resources;

4. Economic Capacity As noted, Singapore has a robust 
and strong economy and certainly some of the initia-
tives, such as the naturalization of the Kallang River, 
require significant economic commitment;

5. Single Lead Agency PUB is the primary agency 
responsible for water resource management (in 
consultation with other government agencies such 
as NParks and HDB) and management has taken on 
a holistic, hydrologic cycle approach. This maximizes 
efficiency in decision making and reduces issues of 
confusion (and sometimes competition) from over-
lapping mandates;

6. Openness to New Ideas From the time Sir Stamford 
Raffles established Singapore as a port open to all 
countries, Singapore has embraced a philosophy 
that uses and adapts ideas from a multicultural mi-
lieu. This tradition has facilitated a willingness to test 
new stormwater technology approaches;

7. Education Singapore has high education expecta-
tions, particularly in math and science, and con-
sistently has ranked first or second in the Grade 8 
Trends in International Mathematics and Science 
Study (TIMMS, http://nces.ed.gov/Timss/) admin-
istered globally since 1995. Olds (2007) noted that 
the evolution of science and technology policy in 
Singapore followed three phases: 1965 to 1986, 
building technological know-how; 1985 to 1995, 
expanding science and technology education; and 
1995 to 2005, fostering creativity and innovation. 
Tortajada and Joshi (2013) observed that the Singa-
porean school curriculum has played a central role in 
educating future generations with respect to water 
and the environment. For example, in 1987 a water 
conservation course was introduced at the second-
ary level to explain Singapore’s water challenges and 
the importance of conservation;

8. Public–Private Partnerships Such partnerships were 
particularly important in refining the NEWater and 
desalination technologies. Olds (2007) concluded 
that Singapore has embraced a shift to a knowledge 
based economy where there is a need for “Enhanced 
and diversified services and high valued added 
manufacturing sectors, as well as better educated 
and more skilled citizen subjects; creative souls that 
would contribute to contemporary and especially 
future developments.” Clearly this philosophy links 
back to point 7, but as noted by Olds (2007), the 
Economic Development Board’s Industry 21 strategy 
emphasizes:

… manufacturing and service industries with a

strong emphasis on technology, innovation and ca-

pabilities. We also want to leverage on other hubs 

for ideas, talents, resources, capital and markets. The 

knowledge-based economy will rely more on tech-

nology, innovation and capabilities to create wealth 

and raise the standard of living. For our knowledge-

based economy to flourish, we will need a culture 

which encourages creativity and entrepreneurship, 

as well as an appetite for change and risk-taking.

While Singapore has a remarkable water resource man-
agement strategy, and Singaporeans seem to embrace the 
technologies such as NEWater (e.g. the survey results of the 
NIE class), there always is a need for continual assessment and 
improvement. Tortajada and Joshi (2013) underscore this point, 
commenting “Overall, long-term conservation efforts have been 
positive, but they have required vast and sustained efforts of 
the water agency to remind the public once and again on the 
importance of water conservation.” In particular, while PUB has 
an excellent website, established an innovative Waters Learning 
Trails Program (a series of eleven place-based trails that provide 
hands-on learning experiences with respect to the ABC Waters 
Program), and has a well developed public outreach program, the 
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NIE survey suggests there is an ongoing need to work with the 
public to improve their understanding of stormwater manage-
ment issues. Singapore’s universities have an essential role to play 
as part of this effort. One of NIE’s prime mandates is pre-service 
teacher education through a combination of pedagogy and con-
tent and it is important to strengthen the connections between 
water, environment, and society with these future teachers. For 
example, as part of the course AAG332 (Ecosystem Dynamics) 
offered in 2013, students were trained to be guides at one of 
PUB’s Waters Learning Trails sites, provided guide service to select 
schools, and developed their own lesson plans focusing on the 
Trails’ themes. It is expected that the lesson plan development will 
perpetuate itself once these pre-service teachers enter the pro-
fession and a fuller understanding of water management will be 
infused in future generations to an even greater extent. PUB staff 
also provided guest lectures to the class on water management 
philosophy in Singapore and efforts in developing biological 
indicator systems for ecosystem assessment. A number of under-
graduate students doing their final year projects at NIE and in 
Environmental Engineering at NTU are working on our PUB- and 
NParks-supported projects looking at the longitudinal change of 
water quality in the Kallang River (and including the naturalized 
Bishan Park) and modelling water quality in a local park treatment 
train of a rain garden and detention pond. This type of govern-
ment agency–academic institution collaboration under the edu-
cation rubric needs to be aggressively pursued, because students 
take a more active interest in studies that have a real world rel-
evance. WaterWorld reports the National University of Singapore 
and NTU recently were ranked first and second, globally, in water 
research (http://www.topuniversities.com/qs-world-university-
rankings). The ability to do leading basic and applied research 
clearly exists. The Nanyang Environment and Water Research 
Institute (NEWRI) at NTU, for example, was established in 2008 
to provide a focal point for research and new applications in the 
environmental and water industry, with the intent of grooming 
capacity to strengthen Singapore’s global standing in the field. 
NEWRI connects faculty with both the public and private sectors, 
and also has a philanthropic mission related to capacity-building 
in developing countries of Asia. These types of multidisciplinary, 
transdisciplinary, collaborations are essential in continuing along 
the path of sustainable water resource development that Singa-
pore has demonstrated over the past several decades.
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