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WATER RESOURCE MANAGEMENT IN RURAL AREAS: A CASE STUDY IN
KUCHING DISTRICT, SARAWAK, MALAYSIA

ABSTRACT

( Water covers more than 75 percent of the earth surface. About 94 percents of water is found
in ocean as salt water while the rest of the water is found on the continents as fresh water.
However, out of the available fresh water on the continent, 95 percent is stored as ground
water or in glaciers and inland ice. Only a small fraction of the total freshwater on Earth
water can be used by human. Besides being the basic element to sustain lives, it is also
necessary to support the other living organism. Water cannot be created nor destroyed. The
quantity remains the same within the hydrological cycles over billions of years. With
increasing populations, the demand for water also increases) Water which presented itself in
various forms is very unevenly distributed temporally and spatially. As rainfall is the main
source of water, it is not always available in the quantity, where and where we wanted
Because of this, the water resources management is necessary to address these issues.
Water resources management have to cover all aspect from source protection to ensure
sustainable supplies. It will also include how water is distributed to ensure fair and equitable
allocations to optimize use and prevent wastage. Water resource management is also
important as a one of the ways to prevent pollution due to mismanagement of wastewater
discharge. Water resource management in the rural areas is very important as most of the
urban water supply sources originate from rural areas. By preventing the problem at source,
water resource management in rural areas based on community based participation

approach is seen as the basis for a sustainable water supply for the future.
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This study explored the problems with water resources management that exist in the
nine villages situated in the rural areas of Kuching District, Sarawak Malaysia. It was done
by interviewing selected random samples from each village. In addition to that, other key
informants were also interview for better understanding of the problems in the study area.

The results of the interviews were analyzed using SPSS. The other information were also

recorded and presented in this report.

This study had shown evidence of water depletion and deterioration of water quality
in the area under study. By creating awareness, water resources will be seen not only as mere

material but also as economic resources which need conservation and protection at all level

of the hydrological and hydrosocial cycle.

Taking into account of the knowledge, attitude and aspiration of the local population,
water resources management in this area have a bright future to become sustainable through

community participation.

Key words: Water resource management, problems, sources protection and conservation,

comn:unity based and sustainable water resources managemeni.
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PENGURUSAN SUMBER AIR DI KAWASAN LUAR BANDAR KAJIAN KES DI
DAERAH KUCHING, SARAWAK, MALAYSIA

ABSTRAK
Air meliputi lebih dari 75 peratus daripada muka bumi. Lebih kurang 94 peratus air di dapati

dalam lautan sebagai air masin sementara selebihnya didapati di daratan sebagai air tawar.
Walaubagaimanapun, daripada jumlah air tawar yang wujud, sebanyak 95 peratus tersimpan
sebagai air bawah tanah atau glaciers dan air batu. Hanya sebahagian kecil sahaja daripada
jumlah air tawar di bumu boleh digunapakai oleh manusia. Selain dari menjadi elemen asas
untuk menyokong kehidupan, ianya juga perlu untuk menyokong organisma hidup yang lain.
Air tidak boleh dicipta atau dimusnahkan. Kuantitinya kekal sama dalam kitaran hidrologi
lebih dari berbilion tahun lamanya. Dengan pertambahan penduduk, permintaan untuk air
juga meningkat. Air wujud dalam berbagai bentuk, tidak seimbang dari segi masa dan
tempat. Oleh kerana hujan merupakan sumber utama air tawar, ianya tidak sentiasa ada
dalam kuantiti dan kuality mahupun bila atau di mana kita ingini. Oleh kerana ini,
pengurusan sumber air diperlukan untuk mengutarakan isu tersebut ini. Pengurusan sumber
air merangkumi semua perkara dari perlindungan sumber untuk menmastikan bekalan
lestari. lanya juga akan meliputi cara pembahagian air untuk memastikan pembahagian
secara saksama, mengoptima penggunaan serta megelakkan pembaziran. Pengursan sumber
air juga dilihat sebagai salah asatu cara untuk mengelakkan pencemaran akibat daripada
pengurusan air buangan yang tidak betul. Pengurusan sumber air di luarbandar amat
mustahak kerana kebanyakan bekalan air di Bandar berpunca dari kawasan luar bandar.
Oleh yang demikian, dengan megelakkan masalah dari punca, pengurusan air di luar bandar
berdasarkan penyertaan komuniti dilihat sebagai asas untuk bekalan air yang mampan di

masa hadapan.
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Kajian ini merunkai masalah berkaitan dengan pengurusan sumber air yang wujud di
Sembilan buah kampong terletak di daerah Kuching Sarﬁa, Malaysia. Ianya dilakukan
dengan menemuduga sampel yang dipilih secara dari setiap kampung. Selain daripada itu,
pemberi maklumat penting juga ditemuduga untuk mengetahui secara mendalam masalh yang
wujud di kawasn kajian. Hasil daripada temubual tersebut dianalisa menggunakan program
SPSS dan maklumat dari pemberi maklumat penting juga direk(;d dan di nbentang dalam

laporan ini.

Kajian ini telah menunjukkan bahawa terdapat bukti tentang berlakunya penyusutan
kerosotan kualiti di kawasan kajian. Dengan meningkatkan kesedaran di kalangan penduduk
setempat, sumber air akan dilihat bukan setakat sebagai benda tetapi sumber ekonomi yang

memerlukan pemuliharaan dan penjagaan di setiap kitaran hidrologi dan hidrososial.

Mengambil kira tahap pengetahuan, sikap dan aspirasi penduduk, setempat,
pengurusan sumber air di tempat ini mempunyai masa depan yang cerah untuk menjadi

lastari melalui penyretaan komuniti setempat.

Kata kunci: Pengurusan sumber air, masalah air, penjagaan dan pemuliharaan sumber air

berasaskan komuniti dan pengurusan sumber air secara lestari.
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CHAPTER 1
INTRODUCTION

1.1  Introduction

Water is becoming one of the largest, and certainly the most universal, of problems facing
mankind as the earth moves into the twenty-first century. The task gf supplying enough water
of the required quality to growing populations and the safe disposal of waste water are

straining many authorities to the limit (Winpenny, 1994).

The problem mentioned above is definitely not an easy one to solve. Some argues that
the heart of the problem lies in our perception of water. Winpenny (1994) argued the water
problem that we face nowadays is our failure to see water as scarce commodities. The water
problem facing us today is also partly due to the mismanagement of the finite water resource
that we have taken for granted. What has been mentioned above might be happening on the
global scale and involved many countries throughout the world. But, is it true that the problems
above is just heard but not experienced? Is it true that what the people in the other part of the
world is just a story to us or are we also facing that same problem locally? If it is true, what is
the extent and what are the causes that may have contributed to the problems? However the

problems above need some form of solution to minimise the impact that we face or it will

escalate into much bigger problems.

There is a growing conflict in utilisation of limited water resources and environmental
protection. We have to strike a bargain between protecting and conserving the environments
and development by optimising water resource use through sustainable resource management.
Failure to adhere to such requirement definitely will result in environmental degradation which

the public involved will bear direct or indirect cost of rehabilitations.



This study will discuss the problems and intend to find out the answers to the above
questions. The problems highlighted in this research will be discussed to find out some of the
reasons behind the problems. The topic of this research was chosen because there are many
unanswered questions in relation to water resources. These pressing issues do not only affect
us but that which affected what is surrounding us. They affect us both directly and indirectly

and all level of the society.

1.2  Background of study area

Kuching District in Sarawak, Malaysia has been chosen to conduct this study. Kuching is one
of the districts in Sarawak. Being the capital city, it is also the administrative centre for the
state. The area of Kuching District is 1862.8 square kilometres. The population of Kuching

District is 681901, based on the census carried out by the Statistic Department in

2010.
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Figure 1.1: Map showing study area



There are about 40 ethnic groups found in Sarawak. However, in Kuching itself, the
major ethnic groups are the Chinese, Malays, Iban and Bidayuh. There are also some minor

ethnic groups and expatriate who come to Sarawak to work. The majority of the urban
dwellers are Chinese and the Malays. The Bidayuh inhabit Padawan and Siburan Sub
District. However, this study does cover the whole of Kuching District. The nine Bidayuh

villages chosen are situated in the Siburan and Padawan sub districts.

The Local Authority in charge of this area i1s Padawan Municipal Council (MPP). The

council is responsible for the scavenging services and maintenance of cleanliness of the area

concern. The scavenging service IS important as far as water resources management is
concern. Poor or no scavenging services resulted in solid waste being thrown into the river

which is the source of pollution.
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Figure 1.2: Upper Sarawak Kiri River — Source of raw water for KWB Treatment Plant



Table 1.1: Villages included in the study indicating headman, number of households,
population and the number of samples .

No. Name of village Name of Headman No. of Population Sample

e Y S———e e e — m_ﬂ_—_m,“_—

1 Kpg Danu, Km 51, Jin : . g
Puncak Borneo.Kuching Encik Ahit Nati ol 154 9

2 Kpg Bayur, Km 45, Jin
Puncak Borneo, 93250  Encik Tora Jongsen 63 308 10
Kuching

3 Kpg Semadang, KM 40,
JIn Puncak Borneo, Encik Samson Manggang 84 519 15
93250 Kuching

4 Kampung Karu, Km 39,
JIn Puncak Bomneo
Kuching

5 Kpg Timurang, Km 43,
JIn Puncak Borneo, Encik Bom Amer 30 168 11
932590 Kuching.

6 Kpg Garung, Km 38, Jin
Puncak Borneo, 93250 Encik Tomi Dihed Dium 116 829 15
Kuching.

7 Kpg Bengoh, Km 42, Jin
Puncak Borneo, 93250 Encik Kayis Ganyai 91 492 14
Kuching.

8 Kampung Giam, KM 35, : ]
JIn Puncak Borneo, g’;‘:r‘ll;fam”“ Sango 64 430 10
93250 Kuching,

9 Kampung Bunuk, KM
34, JIn Puncak Borneo, = Encik Bundu Suap 388 2318 47

93250 Kuching

Encik Henry Suwot

Sawar 136 822 17

TOTAL 1023 6040 148

Basic infrastructures available include tar sealed road, Jalan Puncak Bormeo which
was completed in 1996. The twenty four hour electricity supply under the rural electrification
scherae has also given a boost for the villages’ development. Each village has own primary
schools and two government clinics to serve the nearby area. Besides that, these areas are

also installed with telecommunication tower to provide cellular telephone services to the area

Most of the villagers living in the nine villages are basically farmers and gardeners.

The common crop planted being paddy. However, the trend has changed over the years.
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Paddy farming is gradually changing toward planting of cash crop like pepper, banana, and
rubber. Currently due to an increase of rubber prices, many tap rubber. The improved
conditions of roads have enabled the local community in the area to look for jobs out of their
villages. Some only come back to their villages occasionally and some choose to commute on

daily basis to their place of work in the city.

Even though the number of villages chosen is small, it is very significant to this study.
According to an Environmental Impact Assessment report in 1994 which was carried out by
the Kuching Water Board (KWB), these villages are situated within the Sungai Sarawak Kiri
water catchment reserve area which was gazetted in November, 1993. This is to protect the
vital water supplying raw water for Batu Kitang Water Treatment Plant which supplies 95%
of the domestic and industrial water demand for Kuching City. The area covered by the nine

villages forms a proportion of the 633 square kilometres of the whole catchment area of

Sarawak Kiri.

These villages have been chosen for several reasons: (1) They are located in the
upper part Sarawak Kiri River which is the source of water supply in Kuching urban
population (as mentioned earlier on). (2) The development activities in these areas can affect
the whole of Kuching City which consume the water derived from this river. This implies that
there is the need for the protection of the river and the water catchment area as a whole (3)
the area for this study do not yet received any treated water supply. This means that the water
supply that these villages consumed is heavily depended of streams and rivers. This make
water supply very unreliable and may have adverse impact on the livelihood of the local

population (4) the area have been relying on the water supply constructed on a gotong royong

basis with the materials supplied by the State Health Department.



Situated in the coastal area of Sarawak, under the Koppen’s classification, the area
belongs to Type “Af” which defines constantly wet tropical weather condition with
temperature above 18°C. The Jabatan Kajicuaca Malaysia (JKM) divides the rainfall pattern
in Sarawak into 5 types. Type I regime, which include the coastal area exhibiting one

minimum (January) and maximum (June-July). The annual rainfall ranges from 4000 mm to

5000 mm.

Pan evaporation data recorded in Kuching Airport since 1963 follows a cyclical pattern
within the year with the mean annual total evaporation of about 1450 mm. Mean daily
temperature varies slightly within the year and the average temperature is 26.6°C. The mean

relative humidity is 85.3 percent.

The nine villages chosen above depended on surface water supply from stream and
rivers ever since 1970s. A lot of efforts were put to provide clean water supply to the
villagers as one of the ways to control disease and upgrade the quality of lives. Government
agencies like the State Health Department have taken up the task to implement water supply
project to cater for the needs of the rural population. This was done in the interest of health
and hygiene. This scenario has not changed much until today. These villages got their water
supply from streams which are piped to the individual household by means of Polyvinyl
Chloride (PVC) pipes. This system is commonly known as Gravity Feed Water Supply
(GFWS) system. This is because the system depended on the gravitational force to deliver
water from the higher to the lower level. Unlike the other systems, GFWS system is very
dependent on the stream flows and how the local communities managed them. It is also
highly dependent on the amount of rainfall. This is because the nature of impounding dam is
usually shallow and does not meant to store a large volume of water for long duration. The

system is more appropriate when the water source is higher than the level of the villages to
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which it water is to be supplied. The two components of water and elevation need to match
for GFWS system to be feasible. The water resource in the rural areas is not as complex as
that in the urban area. Unlike the urban water supply, the rural water supplies do not installed
meters for the services and the water usage are not charged. The maintenance of the water
supply system are done by the villagers themselves under the leadership of the village
headmen and assisted by the committee in charge of the water supply. There is no mechanism

to levy charges on water consumed. This gives the impression that water is free of charge and

in unlimited supplies.

The problem is not only confined to the use of water from the GFWS system. Like
any type of water supply system, the final discharge as a result of water use also posed
problem to the environment. This is because as mentioned earlier, the scope of water resource
management is not only confined to the water that is abstracted for the sources which then is
distributed to be consumed. The water resources management also will include aspect of what
happen after water usage. This will include waste water management and sewage water

treatraent prior to disposal to the water bodies. This is because from observation, this problem

has not been taken seriously.

1.3 The background of study

Water resources management in rural areas had been chosen as the topic for this study to
explore the management of the water resources which include water supply system, water
consumption pattern and the local community perception of their water resources. Rural
water resources mainly confined to those that involve village which do not yet have treated
water supplies from the Kuching Water Board (KWB) or Public Work Department (JKR).
Water resources serving these areas have simple management based on the local setting. The

villages depend on the water systems built based on local communities participation with
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financial input (for purchase of material) from the Sarawak State Health Department (JKNS),
it is interesting to note that the construction of the water sup;ply system have survived until
today. On top of that, the construction of such water supply systems uses low technology
with very minimum or no financial input to pay for labour cost. In most cases, at every stages
of the water supply system construction, locals communities were usually immobilize to
ensure the success of the project. The role of the village administrﬁion body locally known
as “Jawatankuasa Keselamatan dan Kemajuan Kampung” (JKKK), is a very important
community based organisation responsible for the success of the water resource and the

wellbeing of the river within the community.

1.4 Scope of study

This research wanted to find out issues involving the management of water resources in the
rural areas focussing on the role played by all the interested parties. Water resources
management in the study area does not only cover the issue of supplies, demand and usage of
water. It will also cover aspects of water discharged after use which contributed to pollutions
of the water bodies downstream. As the local communities have benefited from the provision
of clean water, it is also appropriate that they take the effort to protect and conserve their
water sources, optimise the water uses by preventing wastages and ensure that water does not
contribute to environmental pollution especially the water bodies. This is not a very important

aspect to consider as the availability of the water supplies and the ease to obtain them is taken
for granted all this while.
The area that was chosen is the upper part of the water catchment area which

comprises of nine villages. This research cover the aspect of water supply which is meant for

human consumption, but also studying water resources management as a holistic issue



viewed from various perspectives to cover the aspect of water source protection, abstraction,

storage, distribution, consumption and waste water disposal.

In the context of this research, other aspects that involve water resource management
has not been paid much attention as it should be, as water is still considered as infinite
resource. To some, shortage is only said to happen when there is not sufficient water to use
for bathing, washing and cooking and that water uses for other purpose do not really matter.
However, the usage of water has definitely contributed to the water resources degradation to
the water bodies which become the water sources for the other people residing downstream.
As such, this research also included the empirical data of the water quality to reflect the
anthropogenic activities in the upper part of the river from the Kuching Water Board to
substantiate water pollution issue. Although the problem of water shortage is not so acute in

the study area, it is good if the problem can be avoided.

1.5 Problem statement

In the past, water resources are plentiful and water shortage is not an issue. Growing

population and land use conflict, resulted in depletion of resources and deterioration in water

quantity and quality. The deterioration in water quality happens as a result of human

activities upstream such as farming activities, logging and land development. At present,
there had been no enforceable regulations that prohibit such action from happening. As a

result, the water users, as the stakeholder becomes the victim to such activities.

The problem does not end there but extended into other related problem especially that
related to health. The study conducted by the JKNS shows that occasional deaths happen as a
result of water borne diseases like cholera, typhoid and Hepatitis A. Besides the problem

mentioned above, many problems that involved personal hygiene and sanitation are also



equally important to mention here. This is because with the increasing population, river and

streams become the ultimate dumping ground for the local community.

1.6  Hypothesis
The water resources in rural areas have not been managed well as not much effort is taken to

protect the water sources resulting in waters resources depletion and pollution.

1.7  Research objectives

1.7.1 General objective

This research aims to determine the key problems relating to water resource management in

the rural areas in Kuching District.

1.7.2 Specific objectives

The objectives of this study are:

(1) to identify the key causes of water resource depletion,

(2) to identify the factors contributing to the deterioration of water quality as perceived by

the local population, and

(3) to study the relationship between respondents’ age and level of education on their

perception on causes of water resource depletion and quality deterioration.

1.8  Significance of the study

This research is hoped to create awareness among the stakeholders who are involved in the
management of water resources in the rural areas. This is because studies like this have never

been conducted in this area. The awareness resulted from this is hoped to benefit the water
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user, as the stakeholders for the water supply system. It is also hoped that this study can

generate new information especially one that involved indigenous knowledge. The result of

this study hopefully can empower the rural communities affected by the problems of water in

future decisions making. It is hoped that the suggestion made in this study will improve the
current situation to make water resources sustainable despite of the growing population and
demand. In the literature review, emphasis will be given on issues starting from source till
point of discharge which will guide towards better management. Issues on water pollution
will also be given emphasis as pollution determines the overall well being of the water
supply. No single party should be made solely responsible to combat pollution especially
that involves water source and water bodies. This study undertakes to address the issues and

emphasise the community participation as an ultimate objectives of public awareness and

Initiatives.

The government has been crucial in supplying various effort of supplying water to the
local communities. This study will also highlight this issue so as give the chance to the local
communities to express their views on the implementation of projects related to water supply.
The knowledge of the local communities shall never be taken lightly as their contribution in
the planning, implementation and thereafter, the maintenance of the water related projects
will affects them directly or indirectly. The role played by district administrators, where the
district office is also very crucial as they are the ones who hold the blue print of the district
development. The development plan by the government will be channelled to the local
comriunity through them as the implementer. This also means that the success and failure
depend on their efficiency and with the support of the local population. The supervision made

by the government agencies concern is thus necessary to make the project successful. The
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cooperation from the villagers had become the key component in the past especially in the

water supply project.

1.9 Definition of terms

Below are the definitions of the common terminologies which is used in this study.
1.9.1 Water Resources

According to Berkes (1989), resource is defined as those components of an ecosystem which

provide goods and services useful to man. In the case of water, any of the entire range of

natural waters (vapour, liquid, or solid) that occur on the Earth and that are of potential use to
humans. These resources include the waters of the oceans, rivers, and lakes; groundwater and
deep subsurface waters; and glaciers and permanent snowfields. Continuing increase in water

use has led to growing concern over the availability and quality of water supplies.

1.9.2 Management

Joshi and Setty (2006), define management in the context of water as managing all water
resources. It is defined as an act or manner of guiding or taking charge or handling, direction
or control. In the context of this study, it is more focused on water and related issues on the

management of water resources. The management issues are discussed further in the

literature review.

1.9.3 Water resources management

Water Resources Management is an integrating theme for a number of water sub-sectors such

as Hydropowcr, Water SUpply and Sanitation, Irrigation and Drainage, and
Environment. However an integrated approach of water management is widely applied to

enable planners and managers managed water resources in a much holistic manners.
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An integrated water resources management (IWRM) perspective ensures that social,
economic, environmental and technical dimensions are taken into account in the management
and development of water resources. However, in this context it is referred to as water
resource management in rural areas. The literature review will discuss the issues of water in

urban areas so as to give a better perspective of how water resources are managed.

Green (2003), argue that water resource management i1s about matching the variation in
supply to the variation in demand. Water resources management should also consider as a
whole of water availability and should not treat flood separately from drought to cater for

water availability.

The World Bank (1988) explained that water resources management can brings large
benefits which include irrigation, energy, flood control, drinking water and better navigation.
Yet on the other hand its development program can generate high risk of impoverishment the

people whose land and homes are expropriated for a project.

1.9.4 Rural areas

According to the Oxford Dictionary, rural area is defined as an area that is considered to be
country. Rural areas are most times small towns that are not as heavily populated and may
have a lot of agricultural activities. In the context of this study, the word “rural” is used to
describe localities that do not receive treated water supply from the Local Water Authority

(LWA) . In Kuching District, the LWA is Kuching Water Board (KWB).

1.9.5 Urban water supply

The supply of treated water in the urban area is done by the Kuching Water Board (KWB).
The Board is responsible to for almost all aspect of water supply services and for doing so

each household are installed with water meter to gauge the water usage and each household
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are charged according the quantity of water used. The water charges by the KWB covers

almost everything including the necessary repair that is needed in case of damage.

Urban water supply and sanitation differ in scale from rural water supply, project.
This because urban water supply is larger and often require development of distant water
supply and installation of infrastructures through city streets and involved household
connection and the disposal and treatment of water borne waste. Urban water involved issues
which include operation and maintenance, and also cost recovery. Cost recovery includes
connection fees and flat rate or volumetric tariff. As for urban water supply and sanitation,
artificially low tariff are a typically a major constraint on system on system expansion.

Government need to keep the tariff low to keep the services affordable (Winpenny, 1994).

1.10 Limitation of the study

This study will be limited to those villages which have water supply system other than those
villages getting their supply form the LWA having functioning or malfunctioning water
supply system specific to GFWS system. The accuracy and validity of this study is very much
dependent to the result from the interviews of the respondent. It cannot be denied that some
of the answers given by the respondents may not be truthful and correct as expected. The
population sample might not be big enough truly reflect the true picture of the situation.

Besides previously active in funding and implementation of rural water supply, the JKNS

also involved in the other environmental sanitation programme to maintain a clean
environment like sewage disposal system and common drains construction in the villages.
This effort is also taken into consideration in this study as it involves the water usage and in
turn contributed to pollution of the water bodies. By doing so, the solid waste had become a

main source of pollution to the rivers and streams.
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CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

This chapter review literatures and discuss issues which serve as basis and theoretical
framework of this study. The key words used here include importance, availability, usage,
demand and problems related to water while highlighting the issues of supply, environmental
and ecosystem sustainability with minimum conflicts from the stakeholders. Having the
above topics discussed, the later part of this chapter will cover issues of water resource
managements, especially ones that involve the rural areas which become the core interest of
this study. The literature review here will serve as references and benchmarks of how water is
managed other parts of the world. It will serve as valuable pool of works and ideas by the
water experts and scholars over the past years. It is important for this study to know how the

problems of water are addressed and how the problems are tackled.

2.2 Importance of water

Way back in 1988, the World Bank reported that sixty per cents of the world rural population
lack access to safe water. This has the implication for health, productivity and quality of life.
The poor suffer most. Their productive potential is reduced not only by the time and energy
spent in obtaining enough water to meet their basic need but also by time loss to illness. In
many rural areas, women walk long distances and spend much time fetching water (World

Bank, 1988 cited in Ibuh, 2004). Now we are in the twenty-first century and that same

problems still exist and in addition to that, water is fast becoming scarce. We are living in an

era of water crisis. Hungry nations in particular need water not only to quench their thirst but

to produce more food (Ali et al, 1987).
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We are familiar with what happens within our surrounding. We see rain, we see it fall
and we regarded rainfall as the main source of fresh water. Rainfall, which is also otherwise
called as precipitation is condensed water vapour of atmosphere. Precipitation actually
includes rain snow, fog and dew. Rainfall is not uniform over time and space. It is not
uniform over time because it is not received throughout the year and because its intensity
varies even within a day or sometimes within an hour. It is not uniform over space because it
is not uniformly received over a given geographical area (Lozan et al,, 2007) Rainfall is an
important source of water but the total that fall from the skies is not an infallible indicator
(Bouguerra, 2006). With climate change, the water that comes sometimes do not come at the
time and place that we most wanted it. Sometime too much rain spells disaster when flood
kill thousands of people. To some extend sources of water can be managed but some are
beyond the control of human beings. Water is an element of great importance. Our planet is
the only one where liquid water is known to exist. Water comes down, or falling as
precipitation and flowing through the landscape, is a unique solvent carrying the nutrients

essential for life ITUCN/UNEP/WWE, 1991).

According to Merret (1997), water is the fundamental requirement of all life on Earth.
In the specific case of water, the human body cannot survive without it as it plays a very vital
part in sanitation for our rural and urban communities, it is necessary to all form of
agriculture, and is demanded for the majority of industrial processes. Water is the key source
for human society. Water can be appropriated into the ownership of public and private bodies
and therefore water is not only natural resource but is also economic resources too. Where
would people be without water? Apart from what we know, not being alive, we may never
have evolved the big brains that make us such a unique species. Some even said that learning

how to keep, and transport water over land was the key to our survival when other similar

species just kept dying off. .



Allan (2002), claimed water is such a fundamental place in sustaining human life and
livelihood that human societies have devoted much political energy and substantial economic

resources to ensuring secure supplies, albeit without ensuring equitable access or freedom

from the risk of water resource shortage for everyone.

Bougguerra (2003), wrote about the importance of water by saying that water forms
as much as seventy-five percent of the human body and control our internal temperatures, as
it does to the Earth’s climate. The body of an adult weighing 80 kilograms contains 50 to 60
litres of water. Our life like that of plants and animals, are dependent on the biological
function of water. Water dissolves and transport food and fuels through our organism and our
metavolic tracts. On top of that, water is life and no life is possible without it. A human being
cannot go without drinking for more than two days but can go without food for weeks.
Bougguerra (2003) also reported that even two percent dehydration leads to a 20 percent loss
of physical capabilities. For an healthy individual, at least two litres of water per day to
needed to be consumed to stay alive and someone suffering from malnutrition or living in a
tropical climate needs considerably more. Moreover it was noted that thirst appears as soon

as our organs loss one percent of it and risk of death develop once the loss reached ten

percent.

The human rights to water rest on the conviction that water is a public and common
good. It is a life sustaining element that must be accessible to all people irrespective of their
purchasing power. Instead, it is a mandate to humanity to handle this vital element carefully
so that the future generation too will have enough drinking water. The concept of water as
human right by no means implies that it must be free of cost for all (Lozan, et al., 2006, pp.

347). In central Asia for example, water resources 1s required for survival as it plays a central
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role-in political, economic and social processes (Kobori & Glantz, 1998 cited in Arsel and

Spoor, 2010 pp. 1).

Water remain crucial for sustainable development for development the following
reasons. Firstly, the key ingredients for many economic processes, especially for rural
development on which the region is heavily dependent for water (Arsel and Spoor, 2010).
Secondly, allocation of water as with finite resources that are unevenly distributed across the
region and nations is an important factor in achieving peaceful relationship between

communities at various political and spatial scales (Wolf, 2000 cited in Arsel and Spoor,

2010).

Water has served many functions in human life. Water is the best naturally solvents,
making it ideal for washing and the transfer of waste. It’s capacity to absorb oxygen

particularly at low temperatures-enables it to maintain life in the rivers, lakes and oceans and

readily oxidise organic pollution (Huston & Griffiths, 2008).

Gosh et al. (2009) pointed out that the significance of water in human life thus
involves more than just consideration of health or that of economics, it also touches on very
constitution in us as human, since it touches on our constitution in and through place. The
importance of water in maintaining health and overall well being cannot be denied. It was
once claimed that, Halfan Mabler, the former director of World Health Organization (WHO)

once said that “The number of taps per thousand people will become a better indicator of

health status than the number of hospital beds”.

Water is such an important commodity, In 1990, Boutros Boutros Gali, the then
United Nation (UN) Secretary General gave advance notice that the next war in the Middle

East will be over water, not politics. In 1995, the World Bank Ismail Serageldin ruminated
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that many of the wars in this century were about oil, but the wars in the next century will be

abou: water (Selby, 2003).

Our use of water is creating a crisis for much of the world. Global water withdrawals
are believed to have grown more than 35 fold for the past three centuries, and are projected to

increase 30-35% by 2000. Current patterns of freshwater use cannot be sustained if human

population reached 10 billion by the year 2050 (UICN/UNEP/WWF, 1991).

According to Merrett (1997), whether water is priced or not, we should recognize it as
an important commodity and value it as an economic resource. This is because in most
societies, the collection and distribution of fresh water requires human labour and often, civil
engineering infrastructures. In addition that, more recently, this understanding has been
accepted because of the economic and financial cost imposed by the laws to protect water
quality and because water scarcity and the associated competition between the users as a
result of global shift to privatisation of public sectors. Water importance is not only limited to
its availability within the hydrological cycle. It involves nature conservation, for rivers, lakes
wetlands estuaries and coastal water. We must also not forget about the need to manage land

drainage, flood controls and coastal defence, dam projects and the use of water by

households. Agricultural sectors, being the biggest user of fresh water play a vital role in the

management of water and determine the sustainability of water usage in many countries. The

importance of water also encompassed the treatment of wastewater and also its disposal.

2.3  Hydrological cycle and water distribution

Water can present itself in different forms. As described by Merret (1997), water occurs in
fluid, solid and gaseous form in the ocean, ashore and in the atmosphere. According to the
current estimates, about 97 percent of the total quantity is located in the ocean in the form of

salt water. Another two percents are contained in ice masses covering Greenland and the
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Antarctic as a result of several thousand years of storing atmonpheric precipitation. About 0.6
percent is in the form of freshwater as groundwater, lakes and rivers. The percentage which
remains in the atmosphere in the form of water vapour is smaller but very significant. He
added that the hydrological cycle and the availability of water of special importance for
nature as a whole including mankind. The availability of water determines the presence of
vegetation and deserts (Lozan et al., 2007). Water is continuously moving above and below
the soil surface, water maintain and links the planet’s ecosystem. Some is returned directly to
the atmosphere partly via plants. The rest flows into and over the ground, permeating through
orgar.ism, recharging underground aquifers, replenishing rivers and lakes, entering the ocean
and returning to the atmosphere (IUCN/UNEP/WWF, 1991).

Lozan et al. (2007) described that the Earths’ atmosphere is endowed with a unique
system in its environment called hydrological cycle. It is this cycle which is powered by the
energy from the sun creates all water resources on land. Although rain is considered as the
only natural source of water on land, it is the hydrological cycle which creates the rain. In
simple term, hydrological cycles represents path of movement of water from sea to
atmosphere, from .atmosphere to land and from land back to sea. In a broader sense, it is a
condensed form of water vapour floating in air and the vapour is gaseous from of liquid water
in sea. The hydrological cycle is powered by solar energy. The sun heats water from the
ocean, lakes, rivers and the Earth’s surface. This water then evaporates into the atmosphere.
Additional water is drawn from the soil by plants, and is then evaporated into the atmosphere
from leaves and stems. This process is called transpiration. As the air rises and the

temperature drops, the moisture-laden air condenses, forming clouds and eventually resulting

in precipitation in the form of rain or snow. Surface run-off makes its way back to the ocean

via rivers. Other water seeps into the soil. This process is called infiltration. If the rock below
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the soil is permeable, then the water percolates the rock and is stored as groundwater. To

better understand the hydrological cycle is explained below.
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Figure 2.1: Hydrological Cycle

The above diagram describes the constant movement of water above, on, and below the
Earth's surface. The cycle operates across all scales, from the global to the smallest stream
catchment (Smith, 1998 cited in BBC-Education, 2012), and involves the movement of water
along evapotranspiration, precipitation, surface runoff, sub-surface flow and groundwater
pathways. In essence, water is evaporated from the land, oceans and vegetation to the
atmosphere, using the radiant energy from the Sun, and is recycled back in the form of rain or
snow. When moisture from the atmosphere falls to the Earth's surface it becomes subdivided
into different interconnected pathways. Precipitation (excluding snow and hail) wets
vegetation, directly enters surface water bodies or begins to infiltrate into the ground to

replenish soil moisture. Excess water percolates to the zone of saturation, or groundwater,
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from where it moves downward and laterally to sites of groundwater discharge. The rate of
infiltration varies with land use, soil characteristics and the duration and intensity of the
rainfall event. If the rate of precipitation exceeds the rate of infiltration this leads to overland
flow or flooding. Water reaching streams, both by surface runoff and groundwater discharge

eventually moves to the sea where it is again evaporated to perpetuate the hydrological cycle.

If water is constantly always present itself in different form within the hydrological
cycle, then why some are worried about the issue of whether there be enough water available
for future global population? According to Allan (2002), the answer is yes. There will be
enough water in the global system. He argued that, on the supply side, that is fresh water
availability, the science has not yet been done to prove the future capacity of the global
freshwater system. In fact a researched estimates of sufficient precision to be useful for
politician and decision maker billion of dollars. The demand side fresh water needs is driven
by rising population. Bouguerra (2003) argued that the existing quantity is enough to meet

the need of a population 10 times than the current population.

Water is very unevenly distributed. In some part of the world like Iceland, it has
600, 000 cubic kilometres while Kuwait has merely 75 cubic kilometres. He added that water
is considered as a substance indispensible for life and health, now features among the basic
human rights. Of the approximately 1,360 million cubic kilometres of water on earth, 97.3
percent is contained in the oceans. Although the oceans are important for such purposes as

navigation, fisheries cooling water supply, a source of water for desalination, and their role in
climatological process, however ocean water is not readily available for satisfying many of

man’s water need. What is more important for the purpose of many water using activities are

fresh water resources (COX, 1987)-
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Water influences almost every aspect of human lives up to the extent of the country’s
economy. According to Allan (2002), some claim that country’s economy can only become
strong, diverse and secure if it can access a minimum per head of 1000 cubic metres of
freshwater for its population. However, even scientist cannot answer exactly what the
question posed about the global freshwater system. The most common question pertaining to
water availability is that whether there is enough water in the wc:rld soll profile, surface
water, and ground waters to meet the national average water consumption per day for 10
billion people. Water supplies are uncertain. Extreme within year variability in precipitation
and stream flow tends to be the rule, rather than the exception in water supply, especially in

arid region where efficient water allocation is more critical. It is the mobile nature of water

that created physical uncertainty (Easter et al., 1991).

2.3.1 Water allocation

According to Bouguerra (2003), in term of allocation, each year throughout the world, 69
percent of fresh water is accounted for by agriculture, 23 percent by industry and 8 percent by
domestic consumption. But even then, there are major difference between continents, where
agriculture sectors consume 33 percent in Europe, 88 percent in Africa and 86 percent in Asia
respectively. As asserted by Allan (2002), at a global level, there is certainly neither about
volumes of fresh water available nor about the capacity to use water effectively. On the other
hand, it was pointed out that water access and water scarcity cannot be disentangled from
attempts to move towards sustainability and conservation of resources base with prevalent

development discourse and new resources management (Arsel and Spoor, 2010).

2.4  The hydrosocial cycle

There is another important aspect to consider when dealing with the issue of water is

thehydrosocial cycle. Hydrosocial cycle is very important as the route taken by water has an
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important impact on the water resource management. What do we actually meant by
hydrosocial cycle? According to Merret (1997), hydrosocial cycle involves the various
processes that the water goes through. There are seven most important processes within
thehydrosocial cycle. They are abstraction, storage, fresh water treatment, fresh water
distribution, waste water collection, waste water treatment and waste water disposal. All

these process are important in water resource management. It does not matter urban or rural.
Each of these processes will be considered in turn, the demand side activity of consumption,

which lies between freshwater distribution and wastewater collection. The explanation and

the engineering activities of the hydrosocial cycle in the supply of fresh water services as

illustrated in figure below.
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Source: Stephen Merret, 1997

Figure 2.2. Model of hydrosocial cycle
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2.4.1 Water abstraction

Merret (1997) described that the starting point of the hydrosoc}al cycle is the natural flow in a
catchment which is available for the conversion from natural resources to social product. The
flow varies during the course of the year because of the changing seasons. These annual
supply variations differ between regions and countries. The available resource is from

effective rainfall and some area minus that lost both through transpirations by foliage and

through surface evaporation. Abstraction takes place from groundwater, from freshwater

surface sources.

2.4.2 Water storage

The next process, according to Merret (1997) in the hydrosocial cycle is storage. The
inevitable variation in effective rainfall within the year and between years makes the natural
supply of water inconstant. During dry season, this has the effect of reducing actual
abstractions precisely when users need to consume more water. Water demands also fluctuate
with the level of economic activity. Without some form of buffering devices, the effect of this
variance in supply and demand would be to create local water shortages, sometimes with

disastrous consequences. As such, water storage moderate these difficulties by providing a

stock of water for time when effective rainfall is low in relation to demand.

2.4.3 Fresh water treatment

Merret (1997) also pointed out that another important process in hydrosocial cycle is the fresh
water treatment. Even though water treatment is not always case done to all types of water
supply especially in rural. However when water treatment is done, the process is used to

remove both undesirable natural substances and man-made contaminants. This introduces the

concept of water quality to place alongside that of water quantity. Treatment can also include
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the addition of soluble element such as fluoride, to enhance water function in the interest of

public health.

Pollution of the natural world, including its freshwater resources, is the result of human
society’s activities of production and consumptions. The usage of water consumers often

results in water degradation. This can either be gradual and in some due to repeated uses.

2.4.4 Water distribution and consumption

Distribution of water can be done by various means depending on how the water is used.
Common distributions are by means of pipes, canals and channels. An important point to
consider is that consumption equals water production minus water losses. However, in the
context of hydrological cycle, there is no water loss. Distribution of water embraces both
bulk transmission and retail networks to individual consumers, be they farmers, industrialist,
or families. Bulk flows from abstraction and storage location almost always requires pumping
facilities. The more forceful the pumping action, the greater will be the water pressure and
the faster the rate of flow. This can contribute to problems of pipe burst and leakage as these
problems often vary directly with water pressure. The loss of water due to leakage is of great
significance. In 2009 alone, the KWB reported 3629 numbers of leaks from pipes and
services and this account for 32.26 percent of the total treated water production by the board
(KWB, 2009).This occurs between the point of abstraction and the points of consumption.
So it is worth noting that leakage are usually treated as demand side issue in current technical

literature and lost water is treated as use and 1s further suggested that the control of

distribution losses is a form of demand management.

Allan (2002), claimed that an individual need each year only a cubic metres of
drinking water, between 50 to 100 cubic metres for other domestic use though a much lower

actual use is the norm in many rural communities. By contrast, an individual need each year
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at least 1000 cubic metres of water either naturally occurring in soil profile, or transported to
the profiles by irrigation system to raise the food need of that individual. While water is

treated as a free good in temperate humid regions, in semi arid and the Middle East and North
Africa, agricultural water is expensively won because cost of storage and distribution. Allan
(2002) suggested that there are two variable that affect the use of water. The first variable is
the growth in population and second, the use of water per head. Potential water availability

globally being unknown, guest in circulation differ according to assumptions.

2.4.4.1 Commercial water use

These types of uses include the uses in commercial buildings, offices buildings and
institutions. It is sometimes refers to as used of water which is being paid for. In the local
scenario, commercial use is more significant and relevant to the urban area. In Kuching

District the consumption of treated water account for 29.05% of the total water demands

(KWB, 2009).

2.4.4.2 Domestic use

The UN (1995), reported that another type of water use is the domestic use. These includes
water for household purposes such as drinking, food preparations, bathing, washing clothes
and dishes, flushing toilets and watering of lawn and gardens. The water consumed by the
domestic sector within the jurisdiction of KWB is 54.07%. There is no mean to find out the
actual amount of water used by the domestic sectors in the rural area. This is because the uses

of water are not monitored using meters. These types of water supply can be from public

water supply and also self supplied. In this context, the use of water is more of the domestic

water use in the rural areas.
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2.4.4.3 Industrial water use

This type of use is that used for industrial purposes such as fabrication processing, washing
and cooling. It includes industry like steel, chemical, mining, petroleum refining and others.
These categories of user are also very significant as they contributed heavily to water
pollution. This is because due to its large share of water withdrawn that does not evaporate
and the quality of the water returned to the water bodies. The develoﬁment of industrial water
withdrawal is one of the main causes of water pollution in the world while the use of water

for cooling purposes only has minor eflects on the water quality (Lozan et al., 2007).

2.4.4.4 Public water use

One of the water use which is considered as important is the public water use. This type of
water use is supplied from the public water supply for the purpose of fire fighting, street

washing municipal parks and swimming pool.

2.4.4.5 Other uses

The other uses as described in the UN report (1995) includes in-stream use, Irrigation use

livestock use, mining water use, municipal use.

2.4.5 Water demand

Merret (1997) pointed out that the consumption of fresh water is most conveniently analysed
from the point of view of three large battalions: They are households, farmers, and industries.
A secure water supply is of vital importance for the health of the population and for the
economy. Drinking water demands depend on: (1) the number of inhabitants with the access

to drinking water, (2) meteorological and climatological conditions, (3) the price of water, (4)

price of drinking water and (5) an environmental policy that aims at moderate use of drinking

water (UNESCO, 2005).
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Water demand in urban areas in many countries is expected to increase more rapidly
in percentage terms than water demand for irrigation. As claimed by Selby (2003), economic
development inevitably leads to increase per capita water demand and that global climate

change is likely to increase regularity of drought, and one has nothing less than a recipe for

disaster.

The United Nations (2000) reported that demand for water is increasing and is driven
by several well-known factors which include the water needed to satisfy the following:
Firstly, the populétion growth which results in increasing demand for domestic water
supplies. Secondly, it accompanies the expansion of agriculture and irrigation to meet the
food requirement of increasing population. Thirdly, supply for industrial expansion and
mining. Fourthly, the high energy requirements which draw on stored water for hydro
electricity generation or cooling water for other forms of electricity generation. The fifth
reason is the high volume of water required to satisfy clean water supplies for basic health
and sanitation. Allan (2002) asserted that the first demands on naturally occurring water by
human communities were made to meet their social need. They need water for drinking and t
meets their food needs. The raising of food was integral to the society. On top of that, food
was raised to ensure subsistence. It was not economic activity in the twentieth century sense.

The demand placed by subsistence users are by definition associated with low technology and

were environmentally benign.

Vincent and Ali (1997) also mentioned that water consumption increase more than six
fold, from under one billion litres per day in 1970 to nearly five billion litres per day as
compared to the consumption of energy which rose from one billion tonnes to just three
billion tonnes. However Allan (2002), argued that the global hydrological system is evidently

in surplus as it is able to meet the most demanding element of global water demand, the
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global consumption of food. He added that assuming that medium water consumption
scenario of 1500 cubic metres per person per year (m’ ppy; global fresh water needs are
about 8.25 billion cubic metres per person per year (bnm3 ppy) 1s well within the estimates of
global freshwater availability. El-Ashry & Gibbons (1986) pointed out that in the past, it is
commonly believed in the past water demand was satisfied by developing new water source

iy

However, environmental, engineering, and financial constraints make traditional supply —side

responses less tenable.

Winpenny (1994) argued that for greater reliance on management of demand for
water has to be a large extent been made in the above criticism of comprehensive planning
and central allocation, on the one hand, and supply augmentation on the other. The aim of
management demand is to ensure that a given supply of water is distributed to accord more
closely with its optimal use pattern. In theory, this will be achieved when marginal unit of
water for each use has the same value. If not possible, the total welfare could be increased by
redistributing water. Although this theoretical ideal is unlikely achieved, in reality, however
demand management measures can help to move an existing allocation to new supply
schemes where these are costly in economic and environmental terms. In Malaysia for
example Ali et al. (1987) pointed out that comparing water demand with resources, there
appears to be in abundant for relevant uses. It is difficult to meet the growing human needs
for water in those situations where sufficient water is also needed to maintain the functioning

of sensitive aquatic ecosystem and to protect the integrity of the water resources (Falkenmark

1994, 1999, Ashton 2000a, cited in Bruch et al., 2003, pp.169).

2.4.5.1 Factors affecting water demand

One of the factors determining the elasticity of demand of house-hold consumers is the

margin of discretionary water Uuse, typically for outdoor purposes, or wastage and leaks
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within the consumers’ control. Whereas in industrial demand elasticity depends on the scope
of reducing waste and adopting water efficient and recycling measures, or using treated
watei. On the other hand, in agriculture, elasticity 1s proportionate to the farmers’ degree of

choice over quantities grown, the choice of crops, the methods of application (Winpenny,

1994),

2.4.6 Storm and waste water collection

According to Merrett (1997), the physical character of the consumption process some
users of water use up most or all the water they received and returned little or none into the
rivers and the seas. However some users discharge the bulk after use in the degraded form of
water. In some cases the users are able to reuse the water over and over with little treatment

within the loop. In cases where there is no internal re-use which leaves the consumption as

waste water. Most waste water requires collection and treatment in specially designed plants.

In the case of domestic wastewater, the collection of sewage is through pipes connected to a

main sewer and thence to a sewage works. The nature of the treatment process is determined

by the quality of the storm and wastewater received at the sewage treatment works and the

targeted quality of the effluent that leaves the works.

2.4.7 Waste water disposal

Merrett (1997) further stressed that wastewater which is neither internally nor

externally re-used may be recycled, or releases into the freshwater network, where it

supplements the natural flows stream from it points of disposal. A special case of recycling is

the artificial recharged of aquifers and recycling suggests that a distinctive concept of supply

of water for abstraction is seen as appropriate, which brings together both effective rainfall
and recycling.
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2.5 Problems related to water
According to Bouguerra (2006), the United Nation predicts that in 2025 two third of the
world’s population will live in regions suffering from water shortage taking into assumption

that management, consumption and resource level remain unchanged between now and then.

2.5.1 Water scarcity -

Considering the fact that about 76 % of the planet is made up of water, there should be no
issue of water scarcity. However, most of the water presents itself in the form of salt water in
the ocean. Only 0.6 percent of the total water which is categorised as fresh water is readily
available for human consumptions. That fresh water is our main concern. Fresh water is a
scarce resource. (Lozan et al., 2007, pp: 291). Water scarcity can be defined as the level at
which current demands cannot be met although the concept of water scarcity may appear to
be useful for setting quantifiable level of water usage and availability, it is relative measures

which defines the relationship between water demand and water availability rather than a

specific benchmark for human needs (United Nation Report, 2000).

It is predicted that by the year 2015, almost half of the earth’s population will leave in
areas with physical or economic water scarcity (Arsel and Spoor, 2010). To access whether
water impedes economic development, it is necessary to determine where it is scarce and not

sufficient to meet the demand and it is increasing with population and economic growth and

potentially climate change (Lozan et al., 2007).

Water scarcity comprises the two fundamental factors of inadequate water supply, which may
threaten human health: Firstly quantitative scarcity of available and usable freshwater,

secondly scarcity of water is the qualitatively capable of being used by humans for drinking,

bathing, washing cleansing (Lozan et al., 2007).
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Attempt to resolve the increasing competition for progressively scarcer water
resources are often achieved in ways that damage or deg;'ade the ecosystem concerned
(Chroda 1996; Bruch et al., 2005). Meanwhile, Selby (2003) pointed out that from ecological
perspective, water crises arise above all from the fact that, while already-high populations are

inexorably rising, however natural supplies are limited and constant. The earth, on the other

hand have limit to its carrying capacity.

2.5.1.1 Factors contributing to water scarcity

(i) Land use

Land does have a great impact on the water resources and its management. In fact,
inappropriate land use may result in desertification which is the hallmark of the degradation

of soils and as well as a negative effect on water resources (Lozan et al., 2007).

(ii) Population pressure
Another important factor which contributed to water scarcity problem is population pressure.

This is often attributed to the increased in water demand and pollution of existing water

supply due to opening up of land (Coxhead and Shively, 2005).

(11i) Climate change

Climate change affect water in term of quality and quantity, hence become one of the factors
which resulted in scarcity of water.

2.5.2 Water pollution

The potential of pollution as a result of such act 1s also equally important for us to
consider. What about the river to where the waste water are discharged. It may be true

that the pollution as a result of the water usage is minimal but in some areas according to

Ali et al. (1987).
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According to Stead and Stead (1992), humankind is overspending its natural capital and
It goes to the air, water and the ground in the form of envir&nmentally degrading pollution.
Ali et al. (1987) pointed out that water pollution has been defined as a resource out of place,
as refuse matter, of any kind or description whatever deposited into public waters, and as
man-made or man-induced alteration of the chemical, physical, biological and radiological
integrity of water”. As for legal purposes, it is sometimes defined as the discharge of wastes
into public waters or taking other action with regard to public waters that causes bad effects.

He further added that despite vigorous efforts by the countries, the pollution level in the

rivers and water bodies have not yet reduced. In some cases, they have actually risen.

The World Resources Institute (1994-95), reported that the disposal of human waste
directly affects the quality of fresh water resources. Contaminated drinking water, in turn,
transmits diseases such as diarrhoea, typhoid and cholera. In fact according to the report these
diseases were widespread during the late 19th and the 20th centuries in Europe and North
America, where they ranked among the leading causes of death and illness. Green (2003),

described pollution as the obvious examples of externality and water manage is riddled with

externalities of one kind or another.

According to El-Ashry and Gibbons (1986), water is no less physically abundant today
than it was decades ago, but it is now oversubscribed and, often polluted. According to Selby
(2003), river as a multi-functional transport route, religious site, wash house rubbish dump

and open sewer; the river regularly floods and thousands die each year from water borne
diseases as a result.

According to Bruch (2005), as what happen in Danube River, he pointed out that many

years of human ﬂctivity and pOlllltEd effluent had pTOdUCCd hlgh load of nutrient and toxic, In

turn, contributed to euthrophication.
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2.5.2.1 Causes of water pollution

As humankind incessantly produces and consume, it continue to deplete its resources and to
foul its nest with its own waste and pollutants. The resulting problems includes
environmental catastrophe, poor air and water quality, loss of species, climate change, land
degradation and a lower quality of life, now and posterity. In fact developed nation like the
United States, Western European countries, and Japan are overpop;llated because they are
depleting their soils, water and environments and because required to import a high
percentage of the natural resources and energy to power their economies. For example, the

United States imported about half of its oil and is rapidly depleting it soil and water resources

(Stead and Stead, 1992).

Winpenny (1994) pointed that most pollution has its origin in industry, even if a few
cleaner water saving procedures are beginning to see the light of the day. This is because
industry makes abundant use of the stream; it also enlists the water for cleaning, air

conditioning, cooling and transportatiori. The oil refining, food processing, metalworking,

chemical and paper pulp industries also consume huge quantities of water.

The state of pollution of fresh water in the Asia-Pacific regions is already severe. Rapid

industrial and urban development, combined with patchy regulatory regimes has led to
serious pollution. Groundwater contamination combined with groundwater mining may
threaten significant sources of water, though data is not systematic. Degradation and

deforestation of upland areas is well documented, with adverse effects on water quality
(UNITED NATIONS, 2005).

Water pollution in Malaysia, for example, has aftected the environment and caused

concern over the quality of the river water. Major pollutants are domestic and industrial
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sewage, effluents from palm oil mills rubber factories, animal husbandry, and tin mines, and

silt from logging and urban expansion (Ali et al., 1987).

2.5.2.2 Types of water pollution

Two different types of pollution sources are identified as point source and non-point source.
The best example of point source is a pipe from an industry or city that deposit waste into the
river. Water can be seriously contaminated by heavy metals, solvent, fats or polychloride
byphenyls (insulating and cooling materials used in condensers and transformers) often to
such a degree that any later salvaging is possible. This situation is all the more worrying in
that gldbal relocation, driven by low wage and lax environmental control, tend to take place
in poor countries where water resource are already emaciated and polluted by organic matter,
and where ideas of recycling and waste processing are sick joke. Chemical pollution remains
the chief worry in the industrialized countries, as biological pollution is under better control.

It should not be overlooked pathogens such as E. coli and Cryptosporidium, or algae toxin

such as microcystine which damage chromosomes and leads to abnormally small brain in

Laboratory animals (Bouguerra, 2006).

2.5.2.3 Common pollutants

Chemical compounds used in agriculture and forestry, such as pesticides, herbicides and even

fertilizers, can become pollutants if they occur above certain concentration in stream water or
in ground water. Water management and watershed planning should include assessing the
risk of contamination from sources. The number of instances of serious agrochemical
pollution has increased to the point that many restrictions on use, controls or methods of
application, or eveh prohibitions have been enacted into laws in many countries (Easter and

Hufschmidt, 1991). The trend is that some countries are linked with certain type of pollution.
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Morocco, Thailand and Malaysia for example are linked electronic industry pollution
(Bouguerra, 2006). In Tunisia and Mexico, pollution is in the form of dyes for the production
of jeans, whereas in the state of Minas Gerais the incident of silo explosion had resulted in

the release of caustic soda released into two rivers eliminating the supply of drinking water

for half a million of people.

[~

Kageson (1998) noted that many metals have been used extensively for decades and
consequently large quantity are stored in technosphere or partly dispersed into the soils water

and sediments. The concentration of heavy metals in rivers varies greatly between water
unaffected by human activities and heavy metal hot spots near mining area and industries.
According to Kageson (1998), other common pollutants are the leaching of nitrogen to

ground and surface water results from a combination of high loads and poor agricultural

practices.

Bouguerra (2006) described chemical pollution was seen as the curse of the rich and
biological pollution as the curse of the poor. In some parts of France, water contamination
incidents have gradually become part of daily life as drinking water is contaminated with
pesticide atrazine, while elsewhere a recent dossier had empathize the scale of nitrate
pollution. In Malaysia, the major pollutants are domestic and industrial sewage, effluents

from palm oil mills, rubber factories, animal husbandry, and the tin mines and silts from

logging and factories (Ali et al., 1987).

2.5.2.4 Consequence of water pollution

The consequence of water pollution is the widespread of water borne diseases. Bouguerra
(2006), pointed that in 1993, the WHO General assembly solemnly declared “Protecting

Water is Protecting Lives!”. Yet one hospital bed in two around the world is occupied by

someone suffering from a water related illness. According to the UN, 36000 people died
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every day from lack of safe drinking water and sanitation. He added that more than a billion
human beings do not access to safe drinking water and anothe:r two billion have neither drain
for. wastewater nor sufficient water for their personal hygiene. On top of that, the WHO
estimated thatl.5 billion people on earth are infected with parasites originating in faecal

matter. In fact, Kageson (1998) noted that lack of clean water and urban sanitation were

T

found to decline with increasing income.

2.5.3 Water quality

Increasing demand on water for various use and increasing understanding of the importance
of quality has focussed attention on proper definition of quality (Ali et al., 1987). Lozan et al.
(2007) argued that the concern about water is not only to its quantity but also, and
increasingly to its quality. He added that water bodies throughout the world have become
subject to pollution loads, with sometimes irreversible consequences. The degradation of
water resources' is attributable to such factors expansion of irrigation, over-use or misuse of

fertilizers, insecticides and pesticides, discharge of industrial waste untreated sewage,

domestic waste, toxic chemical dumps and air pollutants.

Humankihd is being no kinder to its water. Besides using water as an irreplaceable
rate, toxic chemical and other waste products are being poured into the waterways regardless
of who is downstream and led to a major decline in the availability of safe drinking water
throughout the world (Stead and Stead, 1992). The relationship between the quantity and the
quality of water is critical to the management of water for beneficial use. Water quality has
the bearing on allocation in respect of the following (a) The constraint on useable water

resovrces by the pollution of water, (b) the need to define useable water in such a way that

water is set aside to manage water quality issues and maintain water quality for beneficial
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uses, (¢) the need to recognize the quality of water when allocating water for specific uses

(UNESCO, 2000).

Touching on quality issues, Allan (2002) suggested that fresh water for drinking
should have less than 500 parts per million of dissolve solid. Fresh water of poorer quality
can be used for other domestic and many others industrial uses.. Water for agriculture can be

as poor as 1500. Water deteriorates along the rivers from the upstream to the downstream due

to anthropogenic pressures, mainly originating in agriculture (Arsel and Spoor, 2010).

The study carried out by the UN in 2000, showed that both the quantity and the
quality of water are affected by the return of water from human activity. These returns may
comprise both point source and diffuse eftect of water use, where water is applied to land and
results in infiltration to the immediate sub-surface layer or to swallow groundwater and in
some cases further infiltrates from groundwater to surface water bodies. Some water return
this way become un-useable due to its deterioration in quality. Added to these effects, water
may be unsuitable for use because it include substances which are present in its natural state
(United Nations, 2000). At the same time, the impact of industry in water quality is expected

to increase, even with water being removed from beneficial purpose by becoming more

heavily polluted (UNESCO, 2005).

Frequent rains, low temperature, high humidity and high wind speed can mitigate the
ill effects using poor quality of water but prolonged drought, high temperature and water and

drier climate can aggravate the ill effects of poor quality water (Joshi and Setty, 2006).
Pollution and water quality are directly related. As asserted by Lozan et al. (2007), due to

increasing quantities and concentration of pollutants and higher water temperatures the water

quality will doubtless deteriorate.
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Where water quality is concerned, there are standard value of drinking water and the
guidelines for the discharge of various substances into ground water (Kageson, 1998). As
stated by Kageson (1998), if the quality of water is allowed to deteriorate even further

mobility and other damaging activities should be reduced until the situation is reached when

ecosystems no longer suffer from unacceptable strain.

2.5.4 Water source depletion

Water sources can be depleted in due time. The example given by Winpenny (1994) indicated
that the abuse of water does have results which are in effect, irreversible such as in the case
of underground aquifer to the point it is contaminated with saline water or polluted with
heavy metal residues. Environment degradation in the form of erosion depletion pollution is a
form of market failure. Water for example a component of the environment which is the
supplying natural resources which is used to create economic goods is often un-priced or
incorrectly priced (Syers and Rimmer, 1994). Stead and Stead (1992), pointed out that

resources are being depleted at an increasingly rapid rates, and the environment is being

degraded by an overflow of pollutants and waste product.

2.6 Water resources management

Water management is an interdisciplinary field concerned with the management of water
resources. People in this field are concerned with ensuring that a supply of clean, potable
water will be available to people who need it, while balancing the needs of industry and the

environment. There are many writings by water experts from all over the world to discuss the

issues of water management.

The management of water resource has influence the history and culture of not only

the Asian but all parts of the world. All of the ancient civilization flourished along the river
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banks or in the vicinity of water bodies. The availability of water resources has been
necessary, but not a sufficient, condition for the survival and growth of many civilization. In

fact many civilizations have perished due to improper usage of water resources (Ali et al.,

1987).

According to Berkes (1989) asserted that effective water management is dependent on
the interrelated action of a unified set of water users. Managing the common water resource
may break down if one or more aspect is neglected There are considerable variation in
method around the world. However the activities must be performed if water is not to be used
efficiently or the system itself ceases to function. By adapting to collective means of water
managements it is not only relatively efficient but also equitable. Hence by maintaining
equity claims on the water resources and by distributing operating cost and benefits fairly
shared. Water resource management and water resource services are in the state of transition

and many aspects of the policies have yet to be implemented (Pollard et al., 2001).

Samson and Daft (2003) mentioned that management is defined as the attainment of
organisétional goal in an effective and efficient manner through planning, organising, leading
and controlling organisation resources. There are two important ideas expressed in
management definition which included four function of planning, organizing leading and
controlling and the next aspect is attainment of the organizational goal in and effective and

efficient manner. What 1s water resource management? There are many authors who

addressed the topics of water resources management.

The World Water Council in 2000 reported that the dependence of development upon
water management is more pronounce. The availability and management of water is

increasingly seen as perhaps the defining constraint upon development with an increasing

numbers of countries reaching conditions of water scarcity (Green, 2003).
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When discussing the issues on water, Bardhan, (2005) asserted that the history of
local community—level cooperation in water management in South Asia for example, have
shown mixed reéults. Several example even rather low organizational level have proven to be
successful, while of course some are failure finding the community come back to the
previous time, scrambling for water. Meanwhile Ali et al. (1987) reported that with increased
economic and social development efforts on one hand and the demographic on the other, not

only is the overall demand for water rising, but its quality is also deteriorating.

Water is not cheap natural resource as common man perceive. Due to spatial and time
factors, it becomes a costly resource when it is available at required time in required quantity
at required place. Nothing can substitute water and no amount of money can create water. As
all the human activities including agriculture, industry, and human health are focally around
availability of water, managing water resources can lead to prosperity or destroy an economy.
(Joshi and Setty, 2006). They also argued that the objective of water management include the
halting of damage caused to soil and to conserve water at a given locality for further use and
to improve the utility of a given quantity of water. The meaning of water management, on the
other hand is signified in totality of water use in a given situation. It is sustainable
development in making efficient use of our natural resources without putting at risk the future
generation to do similarly. Water resources development that is not sustainable is ill planned.
Consequently, there are many ways to jeopardize the future use of water, either by over
exploitation (mining) of resources or by destroying resources for future use. Besides the
physical aspect of sustainability, there are social, financial and institutional sustainability. On
top of that, the concept of basin focussed IRWM as it demonstrate that the river basin is not a

holistic system and that water in its virtual form freely crosses basin boundaries in very large

quantities.
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It is internationally recognised that water has important public goods characteristic
and in most countries is required to social functions. It is to protect water from degradation
which is function that the governments and their agents must do because of the scales of the
ISSues: (a)l The environment and maintaining environmental value which depends on water
source; (b) Maintaining the availability of water for essential needs both domestic and for
food production; (c) Protecting water quality suitable for human consumption; Maintaining
cultural heritage and traditional water use; (d) Maintaining the amenity values of water for
leisure, recreation and enjoyment by the public; (f) Maintaining equity among water users
(UN, 2000). Based on the above facts, water is not a trivial matter and it involved everybody

including the governments of every countries.

Lee (1990), suggested that the term management may denote a variety of very
different activities and in most of the case studies involving water management is generally
interpreted as the management of one or another dominant water use. The definition used in
Bogota to explain water management: “ ... to administer, on behalf of the nation, the water
available for public use within the area of its jurisdiction; to this end, it is empowered to
grant, control, suspend or regulate the right to use surface water or groundwater, as well as
permits for the exploitation of forest and riverbeds” Such definition provides adequate basis
for a type for the basis for a type of water management directed towards the integrated
management of resources. Efforts must be taken in term of dialogue concerning the definition
of water management which would be directed towards achievement clear understandings of

the difference between management of resources and management of water uses.

By understanding how the use, management and distribution of water had been
changing, we can gain a better understanding of the power dynamics between various actors

and identify important question whose answers hold the key to understand the region. Water-
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related developments are central to socioeconomics and political transformation in all
countries. It was argued that there exist a complex relationship between sustainable water

management, agricultural development and poverty reduction (Arsel and Spoor, 2010).

According to Staddon (2010), water management is a highly complex and contested
enterprise. Water has been subjected to human regulation since before Romari time, and is
now regulated by a large number of different organisation, agreement and process operating

at spatial scales. Today inevitably involve multiple goals or objectives, many of which may

be conflicting. It is difficult, if not impossible, to please all stakeholders all the time.

According to Arsel and Spoor (2010), when discussing on the issues of water
management and water use, put the blame on growing inefficiency in water management,.
conveying facilities and severe deterioration of physical infrastructure. These factors have
been resulted in unnecessary water wastage. There are different approaches of water
management. In Thailand for example, traditional public participation in water management
has been more prevalent. A study by Thailand Development Research Institute found that US
$ 1.6 billion in Thai government fund for 550,000 small water resource across the country
were wasted over the past two decade because the sources have been neither fully used nor
properly maintained. By contrast, most water sources managed by local populations are in
good condition, providing clean drinking water all year round. In view of this the Thai
Government would soon transfer the power to manage small water sources to local

administrative organization, as part of the general programmes for decentralization and

devolution (Bruch et al., 2005)



2.6.1. Approaches to water resources management

2.6.1.1 Watershed approach to water resources management

The wider scope of water resources management can be seen from the water basin
perspective. The basin is an area drained by the river or an area that can usually delineate on
the map with relative ease, although there are situation where anomalies arise. The basin is
also referred by synonyms river basin, drainage basin, catchment and catchment area.
Another approach to solve the lack of cooperation among the various agencies that deal with

management of water whether for power generation, water supply irrigation navigation,

recreation, pollution control fisheries etc. The IWRM is seen as a way out for water

management which need all managing agencies need coordinated effort in managing

activities affecting water resources within a watershed (Colombi, 2009).

There are many pressures that management and planning of the forested area have to
take into account including its use for mining, timber production water resource protection,
conservation needs and recreation. Considering water development options, the quality of

water is a serious concern, as is potential for conflict between alternative use of the catchment
resources where the most obvious conflict was between agricultural production in the upper

catchment and water quality at favourable dam sites down streams (Dixon et al, 1990).

According to a 1996 report of the American Water Works Research Foundation
(AWWRF), Total Water Management (TWM) is the exercise of stewardship of water

resources for the greatest good of society and the environment. A basic principle of TWM is

that the supply is renewable, but limited, and should be managed on a sustainable-use basis.

All over the world, rain is the main source of fresh water.

One of the approaches to manage water resource is through managing the watershed.

Watersheds and the proper management of them have become a major focus: of resource
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managers in countries around the world. Much of this interest is the result of land use
practices that have led to increased soil erosion. These watershed problems are especially
acute in developing countries where growing populations are exerting intense pressure on
increasiﬂgly scarce land and water resources. Most people in these areas live and work on the
land, So as rural population increase, land formerly farmed extensively are now being farmed
more intensively, while formerly fallow lands, usually more susceptible to erosion, are being
cultivated. Deforestation of upland areas, a result of more intensive agriculture and excessive

timber extraction, has also accelerated soil erosion and downstream damage (Easter and

Hufschmidt, 1991).

Much of the world that needs vigilant water management faces extremes variability in
precipitation and stream flow throughout the year. The technical aspect of creating securities
involves developing storage facilities to capture water during period of high stream flows

usually during high rainfall periods and preserving it for times of low stream flow and high

demand (Easter et al., 1998).

2.6.1.2 Water supply management

According to Colombi (2009), simple observation of the world around us suggested that
abstracting more water from the worlds’ river and aquifers may not be the complete answers
to the problems of providing food and water security. Although cheaper and more socially
and environmentally acceptable alternatives may exist to meet the overall long term
objectives of these water development plans, they cannot be explored because they lie

outside the framework set by the terms of reterence.
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2.6.1.3 Water distribution management

According to Berkes (1989), water distribution below the source can be treated as a

commodity which requires cost so that allocation rules and the institutional setting differ.

There are always problems in water distribution. Water i1s best managed by those with land,
the users of it. Surface water was admittedly complicated by the need to administer large

scale gravity flow system over a wide area (Woods and Jones, 1990).

2.6.1.4 Water usage management

Berkes (1989) outlined two factors that relate water utilization. Firstly, is the need to evolve
efficient and rational use of the water supply? This is because where water is unevenly
distributed across geographical regions and throughout different seasons. Secondly is the

protection of rights of the legitimate water users in manners which guarantees equitable

distribution of water.

Water is a scarce resource. Because of that, the uses of the available water resources
need to be optimised. Water need to be used efficiently. This is to seek improvement in users’
efficiency aim to squeeze more water out of the water services and out of the given volume of

fresh water. One of the elements is to promote water efficient user appliances through a

programme of demonstration and information, cheap loans and subsidies, and public

education campaign (Winpenny, 1994).

In Spain for example, it was suggested that all water users should pay more for their
water services and thus help reduce public deficit and induce the farmers to use water
efficiently. It also suggested that water consumption be reduced in a manner consistent with
the relative with scarcity of water across basins and drought cycles (Easter et al., 1998).

Efficient water use is critical to the economic wellbeing of many regions and countries
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around the world. In many cases, technical approaches to expanding water resources are not

economically or politically viable (Easter et al., 1998).

2.6.1.5 Water demand management
The task in water resource planning became one of predicting by how much demand for

water would inevitably increase in the future and then providing for this increase (Green,
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