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Abstract 

This paper examines the significance of water as a resource in two parts. Part one of the paper considers 
the significance of water in a global context. Part two acts as a backdrop to a case study of Singapore's 
water problems. It concludes with an exhortation to conserve this precious resource and highlights 
the role that institutions can play in this regard. 

Introduction 

Throughout the world, water is recognised as the most fundamental and indispens- 
able of all natural resources. It is clear that neither social nor economic development 
nor environmental diversity can be sustained without water. Given an annual rain- 
fall of 2345 mm, Singapore may appear to have abundant resources of water but 
in reality the country is short of water and depends on Malaysia and Indonesia for 
almost half of its water. 

In recent years, water has taken on a security dimension. Water is now viewed 
as a strategic resource. It is for this reason that water and issues related to its 
availability and supply occupy such an important place in the school curriculum 
and features so prominently in National Education messages. This paper examines 
the importance of water as a resource and the role that schools can play in promoting 
the need to use it wisely and carefully as it is a finite resource. 

The World's Distribution of Water 

Though much of the earth is covered by water, only about 3% of the water is fresh 
water and most of this is not easily accessible to people since most of it is found in 
the colder regions in the form of ice sheets and glaciers, and as deep ground water. 

Although the world as a whole has more than sufficient fresh water it is 
unevenly distributed. It does not occur everywhere in the same quantities. Much of 
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the Middle East, most of Africa, parts of Central America and the Western United 
States are lacking in supplies of freshwater. Even within a large country, availability 
of fresh water varies between regions depending on supply, consumption and 
climate. 

Today virtually every country faces growing challenges in their efforts to meet 
the rapidly escalating demand for water. On the one hand, supplies are not able to 
keep pace with the demand arising from rapidly growing populations, economic 
development and urbanisation. On the other, the same supplies "dwindle" because 
of pollution problems that further limit what can be used. 

Hydrologists and other water experts agree that when certain ratios of human 
numbers to renewable freshwater supplies are exceeded water stress7 and scarcity 
are all but inevitable. As of 1995,31 countries including Singapore with a combined 
population of over 458 million faced either water stress or water scarcity. By 2025 
the number of countries facing water stress or scarcity will rise to 54 and their 
combined population to four billion people by the year 2050. 

Several countries in the African continent have already reached or passed the 
point considered by Falkenmark, a well-known hydrologist, to indicate severe 
water stress or water deficit where the scarcity of water supplies effectively limits 
further development. 

Fresh water is essential to all activities such as the production of food, the dis- 
posal of waste, industrial development and human health. Yet the uneven and 
irregular distribution of water leads to local and international friction and ten- 
sions particularly in regions short of water. In developed as well as in developing 
countries, competition among water users is increasing. 

As might be expected, tensions are particularly high in areas where population 
pressures, urbanisation and development needs combine to create intense demand 
for limited freshwater resources. Recent disputes over the use of water resources 
in the Middle East and the Indian sub-continent testify to these. 

The issue becomes particularly acute where water resources are unevenly dis- 
tributed and when a single river system such as the Nile and the Euphrates traverses 
two or more countries. The potential for conflict in such situations is brought 
sharply into focus in the case of countries that have to rely on water originat- 
ing in neighbouring states for the major proportion of their freshwater supplies, 
for example, Egypt, Botswana and Niger. 

This undoubtedly contributes to a sense of vulnerability among lower riparian 
countries of international river basins. Despite efforts by the UN and others, the 
world has yet to come up with an accepted formula on how shared water can be 
equitably divided. 

A range of solutions is envisaged to reduce the problems of insufficient water. 
These include abstraction of water from deep underground aquifers, rain-water 

'A country is said to experience water stress when annual water supplies drop below 1700 m3 per 
person. When annual water supplies drop below 1000 m3 per person the country faces water scarcity. 
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harvesting, and more expensive methods of desalination. Where technology has 
allowed the exploitation of the vast underground water reservoirs of the world, 
many countries now draw on too many of them at rates that far exceed any hope 
of natural replenishment. Over extraction of water can lead to falling water tables, 
subsidence of land, sinkhole collapse and in coastal areas salt water intrusion 
and localised rise of sea level. Subsidence of land is serious in large cities such 
as Bangkok and Mexico where groundwater abstraction far outstrips recharge. 

Desalination of sea water could theoretically be a sustainable source of fresh- 
water, but the process of desalination is expensive and few countries are able to 
afford the high cost of such technology, other than the oil rich states of Bahrain, 
Kuwait, Saudi Arabia and the United Arab Emirates. Without desalination, the Gulf 
States would not be able to support their current populations. Bahrain's population 
depends completely on desalination of seawater from the Gulf. It has virtually no 
freshwater. 

Because prospects for finding major new sources of water are relatively dim 
in most regions of the world strategies for improved efficiency and conservation 
of water use are an increasingly critical component of any country's water man- 
agement plans. Water recycling, improved efficiency in water use and reallocation 
of water rights offer substantial potential for stretching water supplies. Japan and 
Singapore have been using reclaimed waste water to flush toilets in commercial 
and residential buildings for years. 

Water Resources in Singapore - A Case Study 

Singapore provides an example of a country that is lacking in water resources. In 
fact it features on the list of water stress countries in the same category as those 
mentioned earlier but not for the same reason. It is a good case study of the way it 
is managing this scarce resource. Singapore is a small island and although situated 
in a region which receives abundant rainfall throughout the year, it has limited 
fresh water resources and has to supplement its meagre local supply of water from 
reservoirs on the island by importing water from the southern state of Johore in 
Malaysia. 

This situation arises from two groups of factors. First, there are the physical 
limitations on the local supply of water. The island itself covers a mere 647.5 km2. 
Protected catchments and natural relief basins are limited. Deforestation following 
the advent of the early settlers at the beginning of the nineteenth century and the 
development of the plantation industry has left the island with only 28.5 km2 of pro- 
tected catchment (Oehlers & Wikkrammatileke, 1965). The few rivers in Singapore 
are mostly short and sluggish, the longest being only 12 km long. Geophysical and 
hydrogeological investigations into groundwater resources have not yet yielded 
significant results. 
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Rainfall 

The climate of Singapore is typically equatorial. Temperatures are high throughout 
the year and rainfall is abundant. The average annual rainfall is high (2345mm) 
but pronounced seasonal dry spells are not uncommon. Singapore experiences 
two distinct monsoon seasons namely the Northeast monsoon and the Southeast 
monsoon with two intervening inter-monsoon periods. 

The Southwest monsoon is generally established in the latter half of May and 
ends in September. The Northeast monsoon usually commences in late November 
and ends in March. The Northeast monsoon brings frequent spells of rainy weather 
which may persist for several days at a time. The season is considered to be the 
rainy season and December is the month with the highest average monthly rainfall 
(280 mm) whereas July in the middle of the Southwest monsoon season receives 
only an average of 161 mm. 

Growth of Population 

When Raffles first landed on the island in 1819, water from the streams and wells 
on the island was sufficient to meet the needs of the 150 or so inhabitants. By 
1850 the population had grown to over 50,000 creating a critical water shortage. A 
donation of S$13,000 by local philanthropist T. K. Seng in 1857 heralded the start of 
Singapore's piped water supply. Work then began on the construction of an earth 
dam to impound water at the site of the present McRitchie Reservoir which had a 
capacity of 682 ml. This was completed in 1863. Though the McRitchie dam was 
subsequently enlarged in 1890 and again in 1894 increasing its capacity to 2114 m1 
(465 million gallons), water was still in short supply. To meet the water shortage, 
the Pearls' Hill Service Reservoir was built between 1903 and 1905 and the Lower 
Pierce Reservoir was completed by 1912. During the First World War investigations 
began into new water sources and work on the Sungei Seletar began after the war. 

The continued growth of the population and an increasing awareness of the 
inadequate supply of water on the island and the possibility of water shortages 
in the post-war period prompted investigations to augment the supply. In 1920 
permission was obtained from the State of Johore (Malaysia) to investigate possible 
mainland sources of supply. Of the several schemes suggested the Gunung Pulai 
Scheme was considered the most feasible. Work on this scheme commenced in 1924 
and was completed in 1932. Steel pipes were laid to carry the water from Johore 
to the Pearls' Hill service reservoirs. These pipes converge into a single pipeline to 
run along the Causeway which links Singapore with Malaysia. 

As a result of the outbreak of communist guerilla activity and the declaration 
of Emergency in Malaysia (then called Malaya) (1948-1960) attention was shifted 
to the Tebrau River Scheme which was in a safe area and close to Johore Bahru, 
the State capital. Work on the scheme commenced in 1949 and was completed in 
1953. A new treatment plant was built at Tebrau and a 1600 mm pipeline was laid 
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through the Causeway to feed the newly constructed Murnane Service Reservoir 
in Singapore. 

Since the 1960s the demand for water has grown more rapidly. As the popu- 
lation increased from 1.8 million to 2.9 million, water consumption tripled from 
273,912 m3 per day to 1,015,723 m3. Rapid industrial development in the 1960s and 
1970s necessitated a further expansion of water resources. For example, the Kranji- 
Pandan Scheme was completed in 1975. Initially water from this reservoir was 
supplied to the residential areas in the northwestern part of the island but was 
later extended to the Jurong Industrial Estate and its surrounding areas. 

In the same year, work on the Upper Pierce Project was also begun. When 
completed, it became the largest reservoir in Singapore. In 1977 work began on 
the Western Catchment Scheme. It involved the damming of four rivers - Sungei 
Murai, Sungei Poyan, Sungei Sarimbun and Sungei Tengah. Concurrently, the Choa 
Chu Kang Treatment works was extended thus increasing its treatment capacity 
by 181,000 m3 a day. 

Water from Unconventional Sources 

As land constraints limit Singapore's ability to build more reservoirs the govern- 
ment has had to devise other means to augment the country's water supplies. 
Two projects were undertaken to exploit the hitherto untapped catchments of the 
northeastern and eastern parts of Singapore. 

The Sungei Seletar Water Scheme 

Under this scheme nine storm water collection facilities were built to tap the surface 
runoff from urbanised areas such as Ang MO Kio, Bedok, Tampines and Yishun. 

The water flows directly to the reservoirs, or into storm water collection ponds 
where it is pumped to the reservoirs, which are connected by pipelines to the Bedok 
waterworks, and is treated. With the completion of the Sg. Seletar/Bedok Water 
Scheme in 1966, the Public Utilities Board has practically exhausted all land suitable 
for developing large water supply schemes. 

Presently Singapore's stormwater ponds, reservoirs and catchment areas can 
collect an average of about 680,000m3 of rainwater daily. This means that with 
daily consumption at 1.2 million m3 Singapore's catchment capabilities can furnish 
about 57% of its own water needs. 

By expanding the number of reservoirs and catchment areas and optimising 
the water yields from local sources, Singapore could become self-sufficient. 

Desalination 

Besides optimising domestic water yields and implementing conservation mea- 
sures, Singapore has also turned to desalination as an alternative to reduce its 
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dependence on water from Malaysia. As early as 1985, the Public Utilities Board 
had explored the potential of desalination in expanding Singapore's water stock 
and curtailing its dependence on foreign sources. However, because of the high 
cost involved it was put on hold. 

With recent technological breakthrough bringing costs down and in prepara- 
tion for the possibility that the 1961 water agreement with Malaysia might not 
be renewed on terms acceptable to Singapore, plans to desalinate water regained 
momentum in the latter half of the 1990s. Decision-makers narrowed their choice 
of desalination processes to the "reverse osmosis" and the "multi-stage flash dis- 
tillation method. By 1998 two sites at Tuas had been identified. One plant would 
utilise the dual-purpose multi-stage flash distillation process with a capacity for 
producing 136,000 m3 of water daily, while the other would use reverse osmosis 
capable of producing 45,000 m3 of fresh water. Singapore reportedly aims to have 
three desalination plants by 2011, the first of which is scheduled to be built in Tuas 
by 2003; production is to begin by 2005. 

Recycling Waste Water 

Besides desalination, Singapore has also explored the prospect of recycling waste 
water to increase its water reserves. It built a prototype recycling plant in 2000 
capable of producing 10,000m3 of recycled water daily. Termed Newates, this 
purified water is now sold to water fabrication plants replacing the large amounts 
of high grade water used previously by these commercial users. Currently Newater 
is mixed with the water in reservoirs to form part of the potable water supply. 
Singapore plans to use Newater which is cheaper to produce than desalinated water 
to meet approximately 15-20% of the country's water requirements or 250,000 m3 
daily by 2010. 

External Sources of Water 

To meet long-term needs, the authorities have had to look for sources of water 
outside Singapore. At present, there are two water agreements in force with the 
Malaysian government to supplement Singapore's water needs. About 903,400 m3 
of water is piped from Johore to Singapore each day. From this, some 175,000 m3 is 
sold back to Johore each day under the two water agreements Singapore has with 
the Johore state government. 

In 1990, the then Prime Minister Lee Kuan Yew announced that Singapore was 
looking into the possibility of sourcing water from Indonesia. Following this, an 
agreement on economic cooperation within the framework of the development of 
the Riau Province in Sumatra was signed on 28 August 1990. In 1991, a Water 

'Newater uses a membrane technology that reuses water and is able to transform through constant 
reclamation one drop of water into four (Today 23.05.02). 
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Agreement was signed with the Indonesian Government to provide 1000 million 
gallons or 4.55 million m3 of water a day from sources in the Province of Riau in 
Indonesia. 

Also planned is a project to tap the water resources of the Sungei Kampar catch- 
ment in West Sumatra. Under this plan a 250 km undersea pipeline will connect 
the Sungei Kampar to the island of Bintan. From there another pipeline estimated 
to be at least 200 km long will run under the sea to Singapore. 

However, the pace of the progress for these developments has been very slow 
because of political uncertainty in Indonesia. If Singapore is eventually able to draw 
water from the Riau Province this will help to negate the effects of a termination of 
the water supply from Johore on Singapore. 

Geopolitical Considerations 

Singapore's reliance on an extra-territorial source for water is not unique. The 
dependence of Hong Kong on supplies of water from mainland China is perhaps 
the closest parallel. However, Singapore's situation is unique in that, as an island 
state, she does not share river or ground water basins with her neighbouring states. 
Instead water is piped over and under the Straits of Johore to Singapore. 

It should be remembered that when the agreements were first made, Singapore 
and Johore were under British administration and for a time part of the same 
Federation of States. With the separation of Singapore from Malaysia in 1965, 
the pipelines that supplied water to Singapore crossed international boundaries. 
Singapore has depended on Johore to meet her water needs since and is likely to be 
dependent on Johore to meet increased water demands in the foreseeable future. 
At the same time, it must be recognised that demand for water within Malaysia 
is also increasing as its population grows and as it develops economically. What 
thus are the geopolitical implications for Singapore as it continues this reliance on 
Malaysia? 

The 1961 and 1962 Water Agreement are international treaties legally binding 
on Singapore and Malaysia. However, the legal arrangement has not fully allayed 
Singapore's sense of vulnerability. Since political separation in 1965, the Singapore- 
Malaysia relationship has seen periodic fluctuations. In recent times, several politi- 
cians in Malaysia have urged the government to terminate the supply of water to 
Singapore for political purposes. Significantly, however, Malaysia has not acted in 
response to such threats to Singapore's national interest. 

If water scarcity is defined as having access to less than 1000 m3 of water per 
person per year, Singapore would rank as the sixth most water-short country in the 
world as it has only 180 m3 of water per capita per year compared with Malaysia 
which has 22,642m3 per capita and Indonesia with nearly 12,813m3 per capita 
(Population Action International, 1997). 
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Given this bleak outlook, the uncertainty of future supplies from Johore, 
Malaysia and continued growth in demand for water, the need for water con- 
servation becomes imperative if growth and development are to be sustained. As 
the Prime Minister Mr Goh Chok Tong warned ". . . unless the upward trend in 
consumption is curbed we will be short of water in 15 or 20 years" (Far Eastern 
Economic Review, 15 August 1996, p. 26). 

To heighten awareness, the Public Utilities Board (PUB) has launched cam- 
paigns to encourage the public to conserve water and to sensitise the public to 
the issue of protecting the quality of water within an urban environment. Indus- 
tries too are urged wherever possible to use industrial water for operations that do 
not require clean, potable water like in the cooling of machinery. Consumers are 
also encouraged to use water carefully through water-tariff structuring3. Effective 
measures to reduce wastage apart from educational efforts in the form of water- 
saving devices have been effectively implemented in schools and other public 
buildings. 

However, appreciation of this essential resource and the need to conserve what 
is available must start with the young at the primary level through secondary and 
reinforced at the tertiary level in the higher institutions of learning. The young 
people of Singapore must be taught Singapore's unique constraints and vulnera- 
bilities, that its resources are limited and economic survival is inextricably linked 
to the external environment over which it has little control. 

To achieve this goal the subjects in the school curriculum should be used as 
vehicles to transmit this message. In this regard geography and social studies are 
well placed as water constitutes a major topic in the syllabi of these subjects at 
the primary and secondary levels. Also by infusing and integrating this topic into 
content areas of other subjects, students will come to understand the importance 
of water in their lives and this will encourage them to become stewards of this 
precious but all too meagre resource. Indeed, the importance of conserving water 
is a recurring theme in National Education messages to all schools. 

Through issue-based lessons, role-play and fieldwork investigations, pupils 
can learn about major environmental and developmental problems such as defor- 
estation, depletion and pollution of natural resources such as water and see 
how these issues relate to their everyday lives. The following activities sug- 
gest how the topic water can be infused or integrated into the curriculum in 
schools. 

1. Issues for debate 

(a) Water is the source of life, yet too often it is a source of conflict (President 
Jacques Chirac). 

3Water tariffs and the water conservation tax have been restructured since 1997 to reflect the strategic 
importance and scarcity of water (Dow Jones). 
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(b) The amount of water available for use in any given area is governed by the 
hydrological cycle and the population density; the larger the population 
the greater the competition for water resources. Should we, therefore, limit 
the size of population in water scarce countries? 

(C) Should water be used as a political weapon or a vehicle for peaceful 
economic development? 

2. Project work of an interdisciplinary nature 

(a) Students conduct a survey on different ways in which water is used in the 
home, schools, institutions and the community. 

(b) Conduct a feasibility study of rainwater harvesting from rooftops of high 
rise apartments. 

(C) Conduct a comparative study of water supply problems in Hong Kong 
and Singapore. 

(d) Investigate how small island nations located in the middle of oceans such 
as the Solomon Island and the Maldives overcome problems of water 
scarcity. 

3. Dramatisation 
Through role play and dramatisation, students can highlight the need to 
conserve water, the effect of water shortage and rationing. 

4. Poster design competition 
To promote water literacy and encourage conservation. 

5. Fieldtrips 
To water treatment plants, reservoirs. 

Conclusion 

Water is a critical resource. It is all too evident that Singapore's dependence on 
Johore for its water supply will continue at least for some years to come. The 
only possibility for a speedy reversal of this position may be through recourse 
to desalinised supplies but this will be at great cost. As the availability of water 
has long been taken for granted by Singaporeans, it is vital to drive home the 
message that Singaporeans must learn to value and conserve this limited resource 
and cultivate good habits in the use of this precious commodity. Towards this end, 
those teaching Science, Geography, History and Social Studies have critical roles 
to play in promoting and highlighting the fact that water is a finite resource and 
that each pupil has a part to play in its conservation. 

Yee Sze Onn is a member of the teaching staf in the Humanities and Social Studies Education Academic 
Group of the National Institute of Education, Nanyang Technological University. His main areas of research 
interests are Geographic and Environmental Education. 
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Appendix 1 

Sample Lesson Plan 

Topic: Water as a Resource 

Target Group: Sec 3 & 4 

Specific Instructional Objectives 

At the end of the lessons students will be able to 

l a  state the different forms in which water occurs; 
l b  identify, name and list three countries which have abundant water resources 

and three which are short; 
2 define and differentiate the terms (i) water-stress, (ii) water scarcity; 
3 explain why Singapore has to depend on external supplies of water; 
4 suggest 3 ways by which Singapore can reduce its dependence on external 

sources of water supplies. 

1 Forms of water 
2 Water as a resource 
3 Scarcity 
4 Stress 
5 Desalination 
6 Newater 
7 Conservation 

Sequence of Development 

Introductory Procedure 

Introduce topic using line from S. T. Coleridge's Rime of the Ancient Mariner 
"water water everywhere and not a drop to drink.. . ." 
Provide an overview of the lesson. 
Development of lesson: 
Discuss the role and importance of water as a resource 
Identify forms of water 
- ice caps 

- glaciers 
- rivers. 

Explain that water in the world is not evenly distributed. 
With the aid of graphics and statistical data introduce concept of 
(i) water scarcity 

(ii) water-stress 
citing examples of countries in each category. 
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Discuss the role of water as a potential source of conflict, e.g. the River Nile, the 
River Euphrates, the Mekong. 
Introduce case study of water resources in Singapore. 
Provide a brief hstorical background. 
Emphasise that a greater part of Singapore's water resources comes from 
external sources. 
Highlight the need for Singapore to be self-reliant: 
Have students suggest ways by which Singapore can rely less on Peninsular 
Malaysia for its water 
(a) Desalination 
(b) Recycled water (Newater) 
(c) Conservation. 

Closure 

Bring lesson to a close by summarising and reiterating the main points learnt. 
Emphasise that students must develop habits of water conservation if the coun- 

try is to be self-reliant. As world citizens, students must also be made aware that 
water is precious not just in Singapore but in other regions as well. 

Assignment 

Students work in teams to design posters to promote water conservation. 

Appendix 2 

Worksheet 

1 (a) Make a list of six important uses of water. 
(b) List some of the ways in which the range of uses for water has expanded 

in recent years. 
2 Define the following terms 

(a) water-scarcity 
(b) water-stress 

3 A report in the Straits Times published on 5 May 2002 states that "four big 
taps will keep water flowing". Examine the report and answer the questions 
below. 
(a) Though Singapore receives abundant rainfall, it is short of water. 

Explain why? 
4 (a) Currently, what are the sources from which Singapore obtains its supplies 

of water? 
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(b) What alternatives are available to augment its water supplies, should the 
1961 water agreement with Malaysia not be renewed on terms acceptable 
to Singapore? 

5 (a) What is Newater? 
(b) How is it produced? 
(C) What problems is the production and consumption of Newater likely to 

face? 
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