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PREFACE 

This water education modular curricula is in line with UNESCO's mandate as part of the project incorporating new 

strategies in the framework of the International Hydrological Programme (IHP) Phase VIII (2014-2021) focusing on 

"Water security: Responses to local, regional, and global challenges" to deeper understanding of the interfaces and 

interconnections between the water, energy and food nexus, which aims to further improve Integrated Water 

Resources Management (IWRM) and to deeper understanding of their interfaces and interconnections. 

Through South-South cooperation developing countries could strengthen regional scientific collaboration particularly in 

Ecohydrology and IWRM through UNESCO Category 2 Water Centres such as The Regional Humid Tropics 

Hydrology and Water Resources Centre for Southeast Asia and The Pacific, UNESCO Water Centre Category 2 (HTC 

KL) and Asia Pacific Centre for Ecohydrology (APCE) in Asia Pacific and Regional centre for Integrated River Basin 

Management (RC-IRBM) in Africa focusing on LDCs and/or SIDS (ASPAC/Africa), contributing at least to five 

LDCs in Asia and Africa's water resources management development. This curricula will contribute to the 

development of a long term strategy for water resources management to achieve water security, in line with 

UNESCO Country Strategic Document Malaysia 2017-2020. 

The compilation and publication of this curricula was carried out by HTC KL for UNESCO-Jakarta office funded by 

Malaysia Fund In-Trust (MFIT). It is divided into three (3) volumes. The topics were chosen bases on the discussion 

between UNESCO-Jakarta office and HTC KL officials. It is also to complement the existing IWRM education syllabus 

established since 2012 by UNESCO Category 2 Water Centers in Africa. 

Volume 1 of water management curricula focus on freshwater and lake ecosystem. It is discussed the concept, function 

and diversity of freshwater, lake environment and river ecosystem in terms of hydrological cycles including the invertebrate 

consumers in lakes and heterotrophic microorganisms in lake and streams. Finally, recognise and exposing to the 

importance of environmental monitoring and its interface for ecohydrology based lake management. 

Meanwhile Volume 2 of water management curricula focuses on land and sediment issues in few topics such as 

highland drainage, sediment control, erosion, phytoremediation technique as well as integrated stormwater 

management ecohydrology. It is discussed the concept and overview on highland drainage,the concept and 

overview on highland drainage, mudflow, debris, sediment erosion and landslide control as well as Mitigation on 

Sediment Control. Other than that, Volume 2 as well discussed the philosophy of phytoremediation technique by 

applying hydroponic plant for sustainable development in IWRM and green technology technique that have impinge on 

many application decisions or solutions and finally the design of Ecohydrology as a tool in stormwater management. 

Volume 3 of water management curricula focuses on learning natural channel (river) behavior, its ecosystem, its 

biodiversity, morphology, compound channel, overbanks hydraulics, sediment transport, erosion and riverbank 

protection, stream stability, example of rainfall distribution profiles, flood control, flow routing, etc. It is explained in 

the context of scientific, technical and innovative idea, and river channel hydraulics based on the author's experience, 

research works, courses, teaching, discussion, collection of information and references used by the author. It is also 

discussed on the curricular module for sustainable science for secondary school teacher. This guide has been developed 

to assist secondary education teachers, from different subject areas, in embedding sustainability science education 

across the school curriculum. 
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informed debates on water. As economies grow, rapidly 

accelerating demand for food and energy continuously 

intensifies pressure on water resources, raIsIng 

cross-border water management issues. In turn, the local 

nature of water resources further strains institutional 

capacity; the world faces not one global water challenge, 

but many local ones with potential widespread 

consequences. Insufficient information and expertise 

make it even more difficult for governments to assess 

and appropriately manage water resources. Companies 

increasingly consider water as not just an environmental 

issue, but also as a complex issue representing serious 

risk to their business. Developed countries globally are 

subjected to the progression of disaster vulnerability as 

the urban social structures develop to a great extent. 

Developing countries also face the progression of the 

vulnerability caused by social pressures such as 

population increase, economic development and 

environmental problems. The factors also led to 

increased water related disasters, which includes natural 

pressure such as climate variability; the lack of appropriate 

organizational systems and inappropriate land management. 

The vital importance of water in sustaining human and 

environmental health has been widely recognized by 

numerous national and international forums, but program 

to addressed key water resources management issues 

in the field and integrated them with policy and 

management are still lacking. Established in 1999, HELP 

which stands for Hydrology for the Environment, Life 

and Policy, has been an international hydrological 

program aimed to improve the links between 

hydrology and the needs of society by creating a new 

approach to integrated basins management. 

UNESCO IHP Demonstration Projects on Ecohydrology 

and HELP river basins networks are two innovative 

approaches, dealing with anthropogenic impacts and 

increasing variability caused by the climate change, 

which involve engineering-based tools that integrate 

basin-wide human activities and changes in the hydrological 

cycle in order to sustain, improve and restore ecological 

functions and services in river basins as a basis to 

support positive socio- economic development. 

HELP aims to deliver social, economic and environmental 

benefits to stakeholders through research towards the 

sustainable and appropriate use of water. This is 

accomplished by deploying hydrological science in 

support of improved integrated catchment management 

that includes improving the complex relationships 

between hydrological processes, water resources 

management, ecology, socio-economic and policy-making. 

The ultimate goal of the program is to help scientists and 

stakeholders break through the traditional paradigm lock 

that separates them from integrated solutions. 
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1.1 MAIN OBJECTIVE 

The water management curricular project facilitate 

continuous networking for sharing knowledge in water 

education as well as enpowering the regional scientific 

collaboration in ecohydrology and IWRM in Asia Pacific 

and Africa through Category 2 Water Centres such as 

HTC KL and Asia Pacific Centre (APCE) for Ecohydrology 

in Asia Pacific and Regional Centre for Integrated River 

Basin Management (RC-IRBM) in Africa focusing on 

LDCs and/or SIDS (ASPAC/Africa), contributing at least 

to 5 LDCs in Asia and Africa's water resources management 

development. This project as well will facilitate in developing 

a longterm strategy for water resources management to 

achieve water security as well as contributing to 

South-South Coorperation. It is also promoting and enhancing 

Ecohydrology and HELP approaches, knowledge and 

implementation on the ground. The stakeholder needs for 

the implementation of the ecohydrology project is 

explained in ANNEX 1. 

The water management curricula is one of the suggested 

sustainable solutions or approaches in water education 

deliverables. As it is built on Malaysia expertise or 

resources, the adaptation and application in each country 

shall be customised and tailored to its climate, natural 

resources and national priorities. 

1 .2 EXPECTED OUTPUTS 

The expected outputs of these activities are: 

� A modular curricula for Ecohydrology and IWRM in 
Watershed Management 

� Developed an innovative stormwater and water quality 
management technologies, best management 
practices and policy options to counter negative 
effects of urbanisation; 

� Ecohydrology and HELP approaches, knowledge and 
implementation on the ground are promoted and 
enhanced; 

� The established platform for the collaboration and 
exchange of scientific, technical and policy relevant 
information through collaboration between Asian and 
African category-2 water centres 

1.3 ACTIVITIES 

The modular curricula is developed for the following main 

topics: stormwater management ecohydrology, freshwater 

water ecosystem, urban drainage, highland drainage, 

sediment, erosion and landslide control, natural channel 

hydraulics, point source and non-point source pollution 

control, humid tropics hydrology, managing climate 

change, lake and wetland management, etc. 



The following main activities/topics are carried out in 

order to produce the modular curricula for Ecohydrology 

and IWRM in Watershed Management: 

� Freshwater, River Ecosystem and Lake Ecosystem 

� Understanding lake environmental management and 
Expert System Monitoring 

� Highland Drainage, Debris and Mud Flow, Sediment 
Erosion and Landslide Control 

� Erosion and Its Effect 

� Phytoremediation Technique in River Water Quality 
Improvement 

� Integrated Stormwater Management Ecohydrology 
(SIME) 

� Introduction to Natural Channel (River) Hydraulics and 
Behavior 

� Hydraulics Principles Governing Flow and Regulation 
of River Flows 

� Stream Stability, Riverbank Erosion, Failure and 
Approached for Riverbank Protection 

� Flood Control, Flow Routing and Channelisation 

� Morphometric Analysis of River System 

� Sensitivity of Flood Hydrographs to Different Rainfall 
Distributions Profile Based on A Case Study 

� Introducing to Education for sustainable Development 

further explanation on river ecosystem, IRBM and IWRM 
could be found in the Annex 2 of this module. 

2. Statement on Water Security

Water security is the capacity to provide sufficient and 

sustainable quantity and quality of water for all types of 

water services and protect society and the environment 

from water-related disasters. 

Water security, the reliable availability of an acceptable 

quantity and quality of water for health, livelihoods and 

production, coupled with an acceptable level of water- related 

risks is rapidly declining in many parts of the world. It 

goes far more beyond the capacity of a population to 

ensure that they continue to have access to potable 

water. Issues such as flood, deforestation, drought, water 

waste, high population, urbanisation, solid waste disposal, 

chemical waste disposal and other issues are common. 

Human activities has become the major driver of the 

earth biosphere: the deterioration of water quality, 

overexploitation of surface freshwater resources and 

ground water, hydrological hazards and sectorial 

management all pose a risk to human health as well as 

economic and social development. This also affects the 

functioning of ecosystems and their ability to provide 

goods and services on which human well-being 

depends. Increase in land development has the potential 

to increase the volume of stormwater hence runoff that 

can contribute to drainage and flooding problems 

Sustainable water solutions, whether at the local, regional 

and global levels, require creativity, new advances in 

scientific knowledge, discoveries and innovations. 

Innovation geared towards sustainable development has 

the potential to lift economic growth, create jobs, and 

boost inclusive social development while at the same 

time contributing to water protection and conservation. 

Under the natural science the solution could be through 

stormwater management control at source best 

management practices, adopting green technology 

such as through Integrated Catchment Management 

Plan (ICMP), Integrated River Basin Management 

(IRBM), Integrated Water Resources Management 

(IWRM) and Ecohydrology. There are many success 

stories such as through using the concept of Spiral 

Model (the evolving and dynamic nature of the IWRM 

process) as recommended by UNESCO, involving four 

elements key for success which are recognising/ identifying 

(pressing issues or needs); conceptualizing (the problem 

itself and formulating possible solutions); coordination 

and planning (among stakeholders in order to reach an 

agreement); implementing/monitoring/evaluating (the 

plan and its outcome) . 

Progressol
(

RM 

IWRM is a step-by-step process 

that takes time. 

>rt· 

By responding to changing social, 

economic, and environmental needs 

or impacts practitioners can gradually 

improve management as they move 

up the spiral, through such means as 

progressively developing water 

resources in the basin, building a 

more integrated institutional 

framework, or improving 

environmental sustainability 

One turn of the spiral includes such phases as: 
> Recognizing/identifying pressing issues or needs, 
> Conceptualizing the problem itself and locating possible 

solutions, 
> Coordinating and planning among stakeholders to reach 

an agreement, and 
> Implementing/monitoring/evaluating the plan and its 

outcome. 

Figure 2.1: The Spiral Model, the evolutionary and adaptive 

implementation ol the IWRM Process 

While under the social science, it could be through 

stakeholders' engagement, community participation, 

through water education, cooperation and networking 

approach. 

VOLUME 1 I INTRODUCTION 
INTRODUCTION TO WATER SECURITY, IWRM AND ECOHYDROLOGY -





the cultural and economic value of water, and climate 

change. It is an open-ended process that evolves in a 

spiral manner over time as one move towards more 

coordinated water resources management. 

It is a holistic approach that seeks to integrate the 

management of the physical environment within that of 

the broader socio-economic and political framework. 

The river basin approach seeks to focus on implementing 

IWRM principles on the basis of better co-ordination 

amongst operating and water management entities 

within a river basin, with a focus on allocating and 

delivering reliable water-dependent services in an 

equitable manner. 

3.1 STATEMENT ON IWRM 

The adoption of the 2030 Agenda for Sustainable Development 

by the UN General Assembly in September 2015, UN 

agencies, Member States and partners have begun to 

focus on the implementation of the Sustainable Development 

Goals (SDGs). 

On the development of the SDGs there is an additional 

focus on the sustainable management of water for 

economic growth and on water risks. Placing the water 

dedicated goal in the SDG broader context will foster 

attention to water resources management practices more 

prominently as we move towards the year 2030. 

SDG No.6, Ensure availability and sustainable mana-

gement of water and sanitation for all calls for the 

implementation of integrated water resources mana-

gement (IWRM) at all levels. 

IWRM at the river basin level is a process that leads to 

water security and helps mitigate water-related risks 

such as floods and droughts. It strives for effective and 

reliable delivery of water services such as municipal and 

industry water supply, water waste management, agriculture 

uses, hydropower by coordinating and balancing the 

various water using sectors. 

3.2 WHAT AND WHY IWRM? 

The basis of IWRM is that different uses of water are 

interdependent. The goal is the sustainable management 

and development of water resources. Integrated 

management means that all the different uses of water 

resources are considered together. 

It is a step-by-step process of managing water resources 

in a harmonious and environmentally sustainable way by 

gradually uniting stakeholders and involving them in 

planning and decision-making processes, while 

accounting for evolving social demands due to such 

changes as population growth, rising demand for 

environmental conservation, changes in perspectives of 

the cultural and economic value of water, and climate 

change. It is an open-ended process that evolves in a 

IWRM is needed because water is a resource that is 

essential for economic growth, environmental and social 

well-being. Because it affects everyone, managing this 

precious resource requires balancing the interests of the 

many different user groups and individuals. Without that 

balance many conflicts can occur. Promoting coordinated 

water resources management in a basin that is open to 

all stakeholders will not only resolve such conflicts but 

will also bring enormous benefits to society, the basin, 

and to individual stakeholders. Thus, IWRM will comprise 

management of water resources, disasters and 

environmental issues. 
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3. Module Content

Tltle Content 

Introduction Concept of freshwater, lake and river 

ecosystem Freshwater , lake and river in 

Hydrological cycles Requirements of 

freshwater ecosystem integration 

Evolution and function of freshwater, 

lake and river ecosystem 

Human Impact Climate Change , Pollution , Land use, 

anticipated and observed effect of 

climate on Freshwater Ecosystem 

Diversity of Adaptation of organisms in aquatic 

organism in environments, the effect on freshwater 

freshwater system biodiversity 

The integration of Carbon cycle; inorganic carbon, organic 

the organism and Nitrogen cycle: Historical changes in 

functioning of water chemistry, source of change, 

freshwater, lake, human alteration of the global N 

river ecosystem cycle. 

The relationship of Physical Integrity, chemistry Integrity, 

human population Biological Integrity 

to freshwater 

Water Quality Water quality, Total Phosporus and 

Orthophosphate, Turbidity, Dissolved 

Oxygen, BOD, conductivity, chlorophyll 

a, pH, residence time, wind direction, 

relative humidity, precipitation, air 

temperature, atmosphere GHG, 

sediment discharge, water level, 

alkanity 

National Policy National Water Vision, National Water 

Policy, Legislation, Issue, Pollution 

control issue and ideas, legislative 

approach to water quality management. 

Case study Experiences on Putrajaya Wetland, 

Pergau Lake and Malacca River 

4. Module Detail

4.1 INTRODUCTION1 

4.1.1 Concept of freshwater, lake and river ecosystem 

Freshwater is important to the life and economic 

requirement of cities, farms and industries come where 

the from rivers, wetlands and underground aquifers. The 

ecosystems of freshwater provide many economically 

valuable commodities and service to society, such as 

flood control, transportation, recreation, purification of 
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human, individual wastes, habitat for flora and fauna and 

production of fish. Fresh water can defined as the 

organisms (biotic) and the nonliving (abiotic) it can be 

devided into two general categories, lotic (rivers and 

streams) and lentic (ponds and lakes). 

Lotic system: can be defined as flowing water such as 

streams and river shown in Figure 4.1. 

Figure 4.1: Lotlc system (source: www.waterencyclopedla.com) 

Lentic system can be defined as standing water, Lakes, 

ponds and wetlands are under this system. Human rely 

on freshwater systems not only for drinking water but also 

for agriculture, transportation, industrial processes, 

waste disposal and extraction of fish and other products. 

Besides plants, animals and microorganism also depend 

on freshwater for their survival. Freshwater ecosystems 

are not only depend on water temperature, volume, and 

flow but also expected to display a wide variety of changes 

in response to global climate change. 

4.1.2 Physical process of lakes 

As written in the book of ocean and Aquatic Ecosystems, 

Vol 1 (Problems, restoration and Conservation of Lakes 

and River by Asaeda, T., et.al, 2009), the boundaries of 

lakes are defined with a shoreline, air-water 

interface and bottom sediment. With external 

inputs such as: atmosphere, stream water and 

runoff from areas surrounding the lake. The 

classification of lakes, are defined through the lake 

formation and origin, amount of water exchange, and 

hydrochemistry. one of the critical components for lake 

ecosystems is depth and it strongly influence by 

biological and chemical processes. 

Normally, lakes located in the upper parts of drainage 

while reservoirs are located near the mouth of drainage. 

Therefore, the order start with stream, lake and reservoirs. 

River continuum concept implies differences in the 

contribution of various forms of organics carbon to lakes 

and reservoirs. Auto trophic is main Autochthonous 

autotrophic production is main contributor to the organic 

carbon supply in larger streams of forested and in 

open-canopy streams. All the organic matter and 

sediment will transported during storm events or 

increase flows. 1 This section is primarily drawn from Asaeda, T., et.al., 2009

http://www.waterencyclopedla.com






riparian wetlands and surface waters to ground water. 

There are five dynamics environmental factors such as: 

� Flow pattern is rates and pathways by which rainfall 
enter in the river, lakes, wetlands and connecting 
ground waters and how long water is stored. 

� Sediment and organic matter provide raw materials that 
create physical habitat structure, substrates and 
spawning grounds and supply and store nutrients that 
sustain aquatic plants and animals. 

� Temperature and light characteristics regulate the 
metabolic processes, activity level and aquatic organisms 
productivity. 

� Chemical and nutrient condition regulate pH, plants, 
water quality and productivity of animals. 

� The plant and animal assemblage influences ecosystem 
processes rates and community structure 

Flow pattern is an evaluation of required characteristics 

for healthy functioning for streams, rivers, wetlands and 

lakes. Certain aspects of these patterns are critical for 

regulating biological productivity. The characteristics of 

flow pattern of lake, wetland or influenced by algal 

productivity. It is important factor in determining acceptable 

levels of nutrient runoff from the surrounding landscape. 

Sediments and organic matter inputs; The important 

components of habitat structure is movement of 

sediments and influxes. Natural organic matter include 

seasonal runoff and debris such as leaves and decaying 

plants material. The important sources of energy and 

nutrients in smaller rivers and streams, is organic matter 

while tree trunks and other woody materials provide 

important substrates and habitats for aquatic organisms. 

Natural sediment movements are those that variations in 

water. In lake and wetland, the finest sediments will fall 

permanently to the bottom so that over time. Human have 

constantly altered the natural rates of sediments an 

organic matter thus supply these to the aquatic systems. 

Poor agricultural, logging and construction practices are 

the example, promoting high rate of erosion. Furthermore 

in some areas, in small streams or wetland have 

completely replaced by filling, paving or rerouting. 

Temperature and light; Light and heat are influenced by 

climate and topography, chemical composition, 

suspended sediments, algal productivity. Water 

temperature regulate oxygen concentrations, metabolic 

rate of aquatic organisms and associated life processes. 

The temperature cycle influence the aquatic plants and 

animals. Circulation patterns and temperature gradients 

in turn influence the nutrient cycling and distribute 

dissolved oxygen. 

Natural and chemical condition; these factors reflect 

local climate, bed rock, soil, vegetation and topography. 

Natural water can range from clear, nutrient poor and 

lakes which much more chemical thus produce algae in 

catchments. The natural regional diversity in watershed 

characteristics, to sustain high biodiversity. Plant and 

animal assemblages; the community of species ecosystem 

reflect species available in the region and the survivability 

of that species. The suitability of a freshwater ecosystem 

for any particular species by environmental conditions. 

4.1.8 Freshwater, lake and river In hydrological 

cycles 

The global hydrological cycle is supplied by freeswater. 

Circulation of water from the ocean and land surface 

into atmosphere represent largest matter. Solar radiation 

is energy source in this process. Hydrological cycle also 

play a role as transporter of heat over our planet. It create 

the climate for life by absorbing heat lost by reflection. 

Global hydrological cycle works as a system that 

responds to change in astronomical, geological and 

biotic parameters. Change in these parameters alters the 

proportions held in different water stores and fluxes. The 

volume of free water has gradually shrinking as water 

bound in chemical and physical. 

About 40000km of water has transferred from the oceans 

to the land as precipitation. The global hydrological cycle 

is shown in Figure 4.2. 

Figure 4.2: Global Hydrological cycle (source: www.ggos-portal.org) 
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The key objectives of the vision are: 

� Water for people: all have access to safe, adequate 
and affordable water supply, hygiene and sanitation. 

� Water for food and rural development: provision of 
sufficient water that will ensure national food security 
and promote rural development. 

� Water for economic development: prov1s1on of 
sufficient water to spur and sustain economic growth 

within the context of knowledge based economy and 
e-commerce.

� Water for environment: protection of the water 

environment to preserve water resources (both 

surface and groundwater resources) and natural flow 

regimes, biodiversity and cultural heritage as well as 

the mitigation of water related hazards. 

The set of initiatives that needs to take place in order to 

achieve the key objectives of the vision was evaluated 

based on the four challenges towards a better water 

future. The challenges are: 

� Managing our resources efficiently and effectively 
(addressing both quantity and quality aspects). 

� Moving towards integrated river basin management. 

� Translating awareness to political will and capacities. 

� Moving towards adequate (safe) and affordable water 
services (befitting a developed nation status by 2020). 

The national water vision emphasises the way forward to 

a prosperous and sustainable future is by keeping 

development to a level that is within the carrying capacity 

of the river basin while protecting and restoring the 

environment. 

In addition to the national water vision, the government 

has formulated several policies and strategies that have 

bearing on IRBM 

Table 4.2: Several Policies and Strategies 

Policy Purpose 

National Policy on Promotes sustainable development 

the Environment , giving equal emphasis to enhancing 

2002 quality of life and to environmental 

protection 

National Promotes integration of natural 

Conservation resource management in development 

Strategy, 1993 planning 

National Forestry Promotes sustainable forest 

Policy, 1978 management 

National Mineral Promotes exploration and development 

Policy of the mining industry while protecting 

environmental impacts 

National Wetland Promotes conservation of wetlands in 

Policy the context of sustainable development 
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National Coastal Promotes coastal zone and resource 

Zone management for sustainable 

Management development. Unique and critical 

Policy coastal ecosystems are to be 

preserved 

National Conservation of biodiversity in order 

Biodiversity Policy, to optimise economic benefits and 

1998 maintenance of ecological stability 

and unique biological heritage. 

Spiral Model - Roadmap for the Implementation of IWRM 

2009/2010 Review 
of National water 
Resources Study 

��� 

2007 - Water Service l 
Commission and Water 
Senltcelnm.lstryAct 

'2001- Urban Stormwater] 
Management Manual 

Figure 4.6: Roadmap for the Implementation of IWRM (Source: Selamat, 2001) 

4.8.4 National Water Resource Policy 2012 

� The development of new water resource policy is 
based on the IWRM approach. 

� Complements on existing water related policies. 

� Provides framework for all water related stakeholders 
to translate their respective water related strategic plan 
into coherent actions. 

� Acts as a comprehensive guide for determining priority 
in water resources allocations. 

� Enables all policy actions relating to water to be 
consolidated, complemented and implemented. 

� Does not specifically address water services, but 
emphasises water security and sustainability for 
human needs and environments. 

4.8.4.1 Policy issues and ideas 

� Implementation of NWR Policy at state level; 

• DID Malaysia shall conduct state level dialogues
and workshops to create awareness of the NWR
Policy so as to identify and develop the specific
framework for federal/state level partnerships to
implement the NWR Policy in each state.

• Arising from such a develop Federal/state level
partnership framework the state can then develop
its specific state-level water resources management
policy that is compliant with the NWR Policy.



� Development of federal/state level partnerships to 
implement NWR Policy 

DID Malaysia shall implement the strategic actions for 
the three strategies identified in the NWR Policy's 
strategic targets 15 and 16 as listed below: 

• Strategy I: identify stakeholders and clarify roles as
well as responsibilities.

• Strategy II: develop means and measures for
consultation.

• Strategy Ill: determine means, measures and
approaches for collaborative governance.

4.8.4.2 Legislation issues and ideas 

� Official enactment of the draft national water resources law 

DID Malaysia shall work with the relevant government 
agency to get the draft national water resources law 
enacted by the national legislature as soon as possible. 

� Official adoption of the law by state legislature. 

DID Malaysia shall work with the relevant state government 
agency to get the national water resources law adopted 
by the state legislature, once the law has been enacted 
by the national legislature. 

4.8.4.3 Institutional issues and ideas 

� New federal institutional structure for water governance 
Implement the proposed, new federal institutional structure 
for water governance that consists of three levels and 
which is in line with the recommendation in draft NWR Law: 

• The national water resources council (NWRC).

• NWR secretariat (NWRS) - it is proposed that the
secretariat be housed only in the MNRE because
the MNRE is responsible for natural resources
management.

• National Water Resources Department (NRWD)- a
new department is proposed to be set up to implement 
the water resources management functions
described in the NWR Law. 

� Revision to the existing institutional arrangement in all 
the states 

It is proposed that the federal structure be replicated at 
the state level. Thus, at the state level, there can be a 
corresponding: 

• State water resources council (SWRC) and under it;

• A technical state water resources agency or
department or equivalent;

• The recommendations and functions of SWRC and
SWRA or equivalent;

� Creation of a national water resources management 
department (NWRD): 

• DID has been proposed by the stakeholders in the
NWR study's national stakeholder consultation
workshops to be realigned to become the NRWD;

• Thus a detailed review of DID's current functions
and benchmarking of the function against an ideal
water resources functional (WRF) model have been
carried out in the NWR study to support the realignment 
of DID to become an effective NRWD in future;

� Alignment of functions and responsibilities with the 
NWR policy and proposed NWR Law 

The WRF Model lists the six main functions that the 
NWRD has to fulfill. They are: 

• Water resources assessment.

• Water resources sustainable integrated management. 

• Water resources allocation and regulation.

• Water hazard management.

• Water resources technical and scientific support.

• Intra, inter and international technical water
resources services.

4.8.4.4 Financing issues and idea 

� Financing model for water resources management by 
the states. 

• Federal government to provide support to the state
governments to assist in setting up the SWRA and
to implement water resources management activities 

• This, each state need to first formulate and adopt a
state water resources enactment that is consistent
with the NWR Policy and the NWR Law. The details
of the financing model need to be developed taking
into account the pricing model that is adopted for
water resources.

� Pricing model for water resources 

• NWR study recommended a uniform pricing and
tariff regime for the water service sector be adopted.

• Although different states have their own supply and
service providers an equitable uniform price and
tariff structure for water supply will be much easier
to enforce.

• Thus, the study recommends a set of guiding
principles for the water pricing that takes into
consideration water resources and environment.
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4.8.4.5 Water allocation issues and ideas 

� Fragmented and non-uniform state legislation governing 

water allocation; states to adopt similar water allocation 

rules as in NWR Law. 

It is recommended that the state adopted the 

proposed NWR Law where relevant when it is enacted 

by the federal legislature so that there will be some 

relative uniformity between the states in the application 

of the water allocation rules and regulations. 

� Water allocation is not guided by IWRM principles; water 

allocation in a river basin shall be guided by a 

developed IRBM plan. 

• It is recommended that IRBM plans be developed
for important river basins and shall be used by the
states to guide their water allocation decision
making.

• The proposed NWRD shall provide the necessary
technical support to the states in the development
of the IRBM plans and also the necessary technical
advice to the SWRA in making the water allocation
decision.

4.8.4.6 Pollution control issues and ideas 

There is a need for SPAN to work with the relevant state 

authorities to increase the sewerage coverage areas 

covered by IWK. There is also a need for local authorities 

to control the discharge of raw sewage from squatters. 

� Control of pollution from SME Manufacturing industries. 
There is a need for the relevant government ministry to 
provide financial and technical assistance to the SME 
industries to comply with the effluent discharge 
standard. 

� Control of sullage (greywater). 
There is a need for local authorities to ensure that 
sullage water is treated before it is discharged into 
rivers by increasing enforcement and conducting 
awareness programme among the public. 

� Control the pig farming. 
State authorities should designated specific areas for 
the pig farming industry so as to ensure control of their 
wastewater discharges and also for disease control. 

� Need for review of water quality effluent standards. 
DOE needs to view the current effluent water quality 
standards to be in line with current acceptable international 
standard and availability of treatment technology. 

� Need to develop specific river ambient water quality 
standards. 
The DOE is recommended to consider developing 
specific river ambient water quality standards for some 
selected, important rivers. 
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Figure 4.7:lntegrated Lake Basin Management (Source: Selamat, 2001) 

4.8.5 Legislative approach to water quality 

management 

Environmental quality assessment (1974) and subsidiary 

legislation 

� Environmental quality prescribe premises (crude palm 
oil) regulations 1977 

� Environmental quality (prescribe premises)(raw natural 
rubber) regulations 1978 

� Environmental quality (sewage and industrial effluents) 
regulations 1979 

4.9 CASE STUDY 

4.9.1 Putrajaya Wetland 

Putrajaya, strategically located at the south of the popular 

Klang Valley, is being developed by the Federal Government. 

The Putrajaya lake catchment, which is also known as the 

Sg. Chuau catchment, is located about 25 km south of 

Kuala Lumpur and it extends about 12 kilometres in a 

north to south direction and about 4.5 km from east to 

west. The surface area of the whole lake is about 400 

hectares with a total volume of about 23.5 million cubic 

meters. The water depth ranges from 3 to 14 metres with 

the average depth of 6.6 metres. The lake has a 20 m 

width promenade that acts as a buffer feature along the 

lake shorelines and stretches at a total length of 34.0 km. 

The Putrajaya catchment covers an area of 52.4 km2 and 



eight major sub-catchments of the Putrajaya lake 

catchment are the Upper-North, Upper-West, 

Upper-East, Lower East, Bisa, Central, Lower and Limau 

Manis. All the arms (except of Upper Bisa) eventually 

discharge to the Central Wetlands, which makes 24 cells 

in all, before the water flows down into the Putrajaya 

Lake. Their function is to clean the upstream river water 

as well as to maintain and provide a habitat for the local 

flora and fauna, hydrological modification (by providing 

flood detention area and reducing peak discharges and 

flow velocities) and recreation. The design of the 

wetlands features a multi-cell and multi-stage system 

with flood retention capability to maximise the space 

available for colonisation by water plants. 

+ 

Figure 4.8: Location of Putrajaya (Makjlzat and Arillin, 2000) 
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Figure 4.9: Map of Putrajaya Wetland (Slama!, 2001) 

Figure 4.10: Putrajaya Lake ( Nur Asmaliza Mohd Nor, 2015) 

Putrajaya Lake is located at the southern part of the 

wetland which comprises 60% of the lake water flow from 

the wetland and the remaining 40% is direct discharge 

from bordering promenade. The water surface area of 

the whole lake is about 400 ha. The plan of this lake is to 

cater for recreation, fishing, water sports and water transport. 

The component of the lake system including: 

� The primary lake which is the body of water created by 
inundation of the valleys of the Chuau River and Bias 
River as well as other areas as a result of the damming 
of Chuau River. 

� The wetland which is artificial created in the upper 
reaches of the Chuau River and its tributaries such as 
Bias River and other unnamed streams. 

� The catchment area of the lake where runoff that is 
generated is expected to be conveyed directly into the 
lake through overland flow or indirectly via the drainage 
system that leads to the lake or into flood detention 
basin which direct discharge away from the lake. 
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google view for Pergau lake respectively. The watershed 

consists of an upper catchment and a lower plain covering 

an area of approximately 224 km2
. The climate in this 

area is influenced by the northeast and southwest 

monsoons and annual rainfall is approximately 1200mm 

in the lower plain, but more in the hilly and mountainous 

area. Maximum rainfall occurs during September to 

January. 

Figure 4.11: Location of Pergau lake (Ismail et al., 2014) 
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Figure 4.12: Google view for Pergau lake (Ismail et al., 2014) 

The Pergau Hydroelectric project is located on the North 

Western part of the state of Kelantan darul naim about 75 

km South west of the state capital Kota Bharu. The 

development involves the construction of a dam at Kuala 

Yong together with an aquaduct system to divert 4 side 

streams, namely Suda River, Terang River, Long River 

and Renyok River. Figure 4.16 shows the description 

view of Pergau lake. 
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Figure 4.13: Description view of Pergau Lake {Ismail et al., 2014) 

The whole catchment is extremely rugged and is entirely 

covered with dense rain forest. Its elevation varies from 

1200m to 1500m at the southern part and decrease in 

the northerly direction reaching about 900m at the 

proposed dam site (EPU, 1986) 
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� Public participation 
Public understanding and awareness of the importance 
of rivers is vital to preserve the natural state of 89 rivers 
in Peninsular Malaysia and 100 rivers in East Malaysia. 
A good example is the love the river campaign started 
in 1993 to increase public awareness on conserving 
natural environment and preserving rivers. Corporate 
citizen and NGOs also need to play their part in 
encouraging social responsibility for rivers. 

� Finance 
Capital expenditure is a core component to realise the 
objectives in IRBM. As cost of construction materials, 
equipment and rehabilitation works are on the rise, the 
Government has to defray cost. The financing trends 
are towards privatisation, public-private partnerships 
and polluter pay principles. 

The Malacca River makeover project was spread over 

three phases between 2001-2008. The scope of works to 

transform the river included: 

� Stabilization and building of new river embankment 

� Construction of interceptor sewerage to channel all raw 
sewerage, rubbish and debris away from the river. 

� Construction of stormwater pumping station 

� River dredging to remove slime and mud 

� Landscaping of river walk 

� Reconstruction of 18 units of building facing the river 

� Construction of causeway and tidal gates to control 
river water level 

Figure 4.14: Dredging (source: Lee, 2004) 
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4. Target

Anyone with an interest or deriving value from the lake's 

resources is a stakeholder. In reality, everyone who lives 

in a watershed area also is a stakeholder in the 

restoration and protection of that watershed and lake. 

For lake with urban catchments, the stake holder may 

consist of local, state or federal government agencies, 

elected officials, agricultural producers, recreational 

users, planner & designer, developer, scientist, and 

wildlife enthusiasts. 

5. Activity and its Rules

There are four locations that are necessary for the 

participants to visit, such as authority office, public 

library, field experimental lab and the lake. The participants 

are grouped into 4-5 persons, and each group has 

special focus for group presentation. Participants 

also need to fill up the activity forms. There are some kind 

of "Easter eggs" for some information. The participants, 

who posed questions or find this clue, will be rewarded 

with 'star pin' or badges. 

The special participants will be selected based on the 

total of collected badges: 

� Lake authority office 

The groups of participant are required to collect several 

water quality data together with other related data, and 

then describe the status of those water qualities data 

spatially, and temporally by comparing the values with 

the standard. At the same time, they need to interview 

the officer about environmental monitoring location of 

the lake. The information may be integrated with the 

lake map, or rewrite in certain efficient way to publish 

water quality status using simple user interface. 

� Public Library 

At the library, participants are required to list the type 

and measurement procedure of important environmental 

indicator, and then to collect the information about 

hydrological cycle and ecological function of the 

respective lake system. Base on that, the important 

and suitable monitoring can be identified. As an 

output, map of important and suitable monitoring 

point/station is drafted. 

� Field Laboratory 

Field laboratory is required to involve the participants 

for understanding the characteristic of various sensor 

type of environmental monitoring. Participants are 

required to assemble the wireless real time monitoring, 

or in case of limited resources, the facilitator demonstrate 

how the real time monitoring components such as 

sensor, microcontroller, and transmitter are integrated 

to form wireless real time monitoring. 
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� Lake Field Visit 

Field visit around the lake will be arranged for the 

group of participants. In this course, they need to 

survey the communication network coverage, and 

possible power source for real time environmental 

monitoring. Participants also need to send data/ 

information about their location to other groups of 

participant. 

6. Closing Remarks

The participants are expected to have some good 

understanding regarding the basic concepts and 

function of real time monitoring on lake ecohydrology. 

Participants are expected also to share their understanding 

with the other stake holders, actively. At the end of the 

session, the lake management awareness of all stake 

holders will be enhanced. 

UNDERSTANDING LAKE ENVIRONMENTAL MANAGEMENT AND EXPERT SYSTEM MONITORING 
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