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Climate change will result in significant impacts on our water resources and some of
the effects are already visible now. Strengthening the ability to adapt to these changes
in a way that sustaining water resources, mitigates hazards and risks to humans and
the environment is vital for the water security, sustainable development and the
survival of communities. Therefore, leaders, policy makers and stakeholders in our
country need access to accurate information and sound advice on how best to adapt
to this challenge. This framework document seeks to fulfill this need.
The framework containing in this book is also aimed to be a reference to the decision
makers working in the field of water resources and a guide to the country through the
Ministry of Environment and Water in developing National Adaptation Plan (NAP) on
water sectors in a coherent and strategic manner that country-owned and countrydriven. We hope that this book to be an effective tool that will prove useful to water
sector policy makers and planners.
I would like to express my sincere appreciation to all the experts who have kindly shared
their priceless knowledge and experience which was extremely valuable towards the
publication of this book.
Congratulations to the management of NAHRIM.
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PREFACE

Dato’ Seri Ir. Dr. Zaini bin Ujang
Secretary General
Ministry of Environment and Water

Dato’ Ir. Dr. Hj. Md. Nasir bin Md. Noh
Director General
National Water Research Institute of
Malaysia

It gives us a great pleasure to publish this framework document for managing our
precious water resources and the water-related risks associated with climate change
to leaders and policy-makers in Malaysia. This framework also aims to facilitate the
formulation of sound policies and best practices that support sustainable water
management and ensure water security, especially in dealing with climate change
impacts.
This framework results from interdisciplinary and multi-sectoral work by climate
scientists, adaptation experts, government officials, private sectors, non-governmental
organizations and civil society leaders in Malaysia. It was developed based on five
pillars, which are: knowledge, management, implementation, gaps, and what’s next.
We recommend this framework document to be a reference to our leaders and policy
makers. By adopting the five pillars and building partnerships, which involved the
government and various stakeholders, we believe that this framework is
comprehensive enough to support the country agenda towards enhancing the water
security.
Finally, a special thank goes to the team for their hard work towards the successful
publication of this book.
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CHAPTER 1
1 INTRODUCTION

BACKGROUND
In the current context, Malaysia has been identified as vulnerable to climate change.
Within the climate change matrix, water resources are at the epicenter of projected
climate change impacts. If there is no concrete action on water resources
management, the potential impacts on water resources are likely to increase in
magnitude, diversity, and severity (Kusangaya et al., 2014). It is also evidenced that
climate change impacts on water resources can be both direct and indirect effects on
several aspects, including agriculture, health, ecosystems, biodiversity, and energy
generation.
The main aspects of climate change include sea level rise, more frequent and intense
extreme weather conditions, especially storms and droughts, ocean acidification, and
increased sea surface temperature. In this context, the mean air temperature in
Malaysia is predicted to increase by 0.9-1.6°C in 2050. The highest increases were
projected for Central Sabah and the Northern Region of Peninsular Malaysia (NC3,
2018). Significant increases in annual rainfall (at 95% confidence level) and northeast
monsoon rainfall (90% confidence level) was also observed in the east coast of
Peninsular Malaysia between 1971 and 2010 (Mayowa et al., 2015). Based on the
tidal data from 1984 to 2013, the sea levels at 21 tidal gauge stations in Malaysia
increased at 3.67 ± 0.15 mm/year (Kamaruddin et al., 2016). Moreover, the sea levels
along the coast of Peninsular Malaysia and Sabah-Sarawak are projected to increase
by 0.517 m and 1.064 m, respectively, in 2100 (Ercan et al., 2013).
The strategy for adaptation to climate change effects on water security in Malaysia
considers both structural and non-structural measures. For structural measures, the
strategy has been incorporated in designing flood control structures and implementing
Page |1
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water management projects. For the non-structural measures, awareness campaigns,
disaster hazard maps and early warning system have also been implemented. These
include the Integrated River Basin Management (IRBM) and River Care Program to
promote sustainable water use and better water management, which are crucial in
adapting to climate change impacts.
Considering the significance of this topic, it is timely to develop the climate change
adaptation framework on water sectors in Malaysia. This information is pertinent for
society and policy makers in Malaysia in managing water resources under climate
change scenarios. Therefore, this report proposes a climate change adaptation
framework for three water sectors: water resources, water utilization, and waterrelated disasters.

1.2

OBJECTIVES

The objectives of this project are:
a) To collate, provide, and analyze data, information, and issues in order to provide
a climate change adaptation framework on water sectors in Malaysia.
b) To prepare, based on the current information, a comprehensive report of the
climate change adaptation framework on water sectors in Malaysia.

1.3

SCOPE OF WORKS

The scope of this adaptation framework for water sectors are as follows:
1. Identify all related fields in water sectors directly affected by climate change and
collect the corresponding data/information for the qualitative analysis thereafter. They
can be categorized as follows:
a) Climate change impact on water resources or water bodies which include:
•

River: Drought and flood risks caused by rainfall patterns and extreme river
flow, sedimentation issues such as riverbank erosion, river flow capacity, and
saltwater intrusion.

•

Sea: Sea level rise, flood and erosion in the coastal area, increased sea
surface temperature, and acidification.
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•

Reservoir: Water depth variation, water stress potential during drought
season, eutrophication, and decrease in water quality.

•

Groundwater: Effect on groundwater recharge, especially during drought
season, saltwater intrusion into aquifer, and decrease in groundwater
capacity.

b) Climate change impact on water utilization which includes:
•

Domestic and industrial water supply: Water availability issue due to changes
in river discharge, water supply crisis during low flow, saltwater intrusion, and
decrease in water quality which will affect abstraction operation and water
treatment.

•

Sewerage: Climate change is expected to cause more extreme storms in the future.
This extreme weather may result in frequent overflow of sewage as the design size
of sewage pipes may result in frequent overflow of sewage as the design size of
sewage pipes was determined based on historical rainfall.

•

Water supply for irrigation: Climate change will affect irrigation infrastructure
and operation, crop yield, and agriculture activities.

•

Hydropower: Increase in extreme rainfall and river flow will affect the operation
and productivity of the hydropower system.

•

Fisheries: An increase in water temperature and saltwater intrusion will affect the
aquaculture industry, fish migration, and the destruction of vulnerable marine
ecosystems, especially coral reefs, due to the mass coral bleaching and erosion
of organisms with calcium carbonate components such as corals and molluscs.

c) Climate change impact on water-related disasters, which include:
•

Flood: Increase in extreme rainfall will lead to flood risk, particularly in the
lowland area.

•

Drought and water crisis: Increase in the drought period temporally and
spatially can prolong the water crisis.

•

Water pollution: Increase in water temperature, extreme rainfall intensity, and
low flow period will affect water quality. It also leads to the growth of algae and
bacteria that negatively impact the water ecosystem and human health.
Hence, it needs additional operation and maintenance cost of the water supply
system.
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•

Dam pollution: An increase in water temperature will decrease water resource
quality, pollution from soil erosion and sedimentation will decrease water
resource quality, and a low flow period can decrease water resource quality.

•

Coral bleaching: One of the leading causes of mass coral bleaching episode
is the increase in ocean temperature, resulting in coral ejecting zooxanthellae
from their polyps. Other causes include chemical spills, sedimentation and a
decrease in ocean salinity.

To achieve the objective of this project, the service provider needs to do primary and
secondary data/information collection if the related data/information is not available.
The service provider needs to list and collect information, including policy, guidelines,
strategy, and program that are existing and planned related to climate change
adaptation on water sectors and their implementation/obedience/achievement in
Malaysia.
The service provider needs to analyze the strengths and weaknesses of the related
existing policy, guidelines, strategy, and existing and planned programs related to
climate change adaptation on water sectors and identifies the gaps and issues in terms
of the understanding and awareness, loopholes, and other related matters that
probably diminish their implementation effectiveness.
The service provider needs to identify the potential adaptation strategies to be adopted
and implemented in Malaysia to deal with climate change impacts on water sectors,
including components listed in the Integrated Water Resources Management (IWRM).
This framework is developed according to The Asia Pacific Water Forum (APWF):
Strategic Framework for Climate Change Adaptation for the Water Sector.
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1.4

INFORMATION RESOURCES

In compiling the relevant information for this project, a focus group discussion (FGD)
was the initial step to developing a climate change adaptation framework for water
sectors in Malaysia. The FGD was held on 12 February 2020 at Tenera Hotel Bangi,
Selangor, Malaysia. In addition to the FGD, communication with other parties such as
the Ministry of Health and targeted organization was conducted to evaluate this
framework better.
The following agencies were engaged in the FGD; Kementerian Air, Tanah dan
Sumber Asli (KATS), Kementerian Hal Ehwal Ekonomi (MEA), Institut Penyelidikan
Air Kebangsaan Malaysia (NAHRIM), Humid Tropics Centre (HTC), Jabatan Mineral
dan Geosains Malaysia (JMG), Jabatan Pengairan dan Saliran (JPS), Jabatan
Perikanan Malaysia (DOF), Suruhanjaya Perkhidmatan Air Negara (SPAN), Jabatan
Meteorologi Malaysia (JMM), Institut Penyelidikan Perikanan Malaysia (FRI),
Lembaga Kemajuan Pertanian Muda (MADA), Badan Kawal Selia Air Melaka, Badan
Kawal Selia Air Negeri Johor (BAKAJ), Natural Resources and Environmental Board
Sarawak (NREB), Unit Pengurusan Bencana Selangor, Lembaga Air Perak, Lembaga
Urus Air Selangor (LUAS), Akademi Sains Malaysia, Malaysian Water Association
(MWA), Malaysia Water Partnership (MyWP), Ranhill SAJ Sdn Bhd, TNB Research
Sdn. Bhd, Indah Water Konsortium (IWK), and DNeX Sdn Bhd.

1.5

OVERVIEW OF THE FRAMEWORK

This framework is developed through experts’ experience shared in the FGD attended
by experts, head of departments, policymakers, water managers, and practitioners.
The FGD highlights the need for the government to support and adopt the proposed
pillars (knowledge, management, implementation, gaps, and what’s next). In this
context, Knowledge includes findings from scientific projects and reports that present
facts or projected data about the potential climate change impacts on water sectors.
Management includes all non-structural measures conducted or planned by the
government, NGO, or water managers. Implementation includes all structural
measures that have been conducted or being planned. Gaps highlights all missing or
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weaknesses of knowledge, management, and implementation. What’s next is
recommended strategies, including knowledge, management, and implementation
derived from gaps that must be conducted to improve existing strategies or develop
other alternative strategies.
The FGD suggested five categories of stakeholders: scientists, policymakers, water
managers, community, and NGOs. The specific role of each stakeholder is shown in
Figure 1.1, of which the work needs to be executed in integrated and interconnected
manners throughout all the pillars.

Knowledge

• Scientists
• Water managers
• NGOs

Management

• Policymakers
• Water
managers

Implementation

• Policymakers
• Water managers

What’s next

Gaps

• Scientists
• Water managers
• NGOs

•
•
•
•
•

Scientists
Policymakers
Water managers
Community
NGOs

Figure 1.1 Role of stakeholders at various pillars of climate change adaptation for
water sectors
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CHAPTER 2
2 WATER RESOURCES

2.1

RIVER

Rainfall is essentially the only input in the hydrological cycle and the primary source
of water in any tropical region. Hence, assessing the effects of climate change on
rainfall is essential for devising proper short-term emergency measures and long-term
management strategies, particularly for river management. In Malaysia, the projection
of rainfall intensity has been reported for 2020-2040 and 2040-2060 (NC3, 2018).
Between 2020 and 2040, the rainfall intensity was projected to increase except for the
West Coast of Sabah, where it showed a reduction of 3.9%. In addition, the rainfall
projection for the period of 2040-2060 was predicted to increase in all regions, with the
highest increase is expected to occur in the Central region of Peninsular Malaysia by
10.6%.
It is also expected that climate change would modify the hydrological regime with
increasing intensity of rainfalls and the frequency of extreme weather events
(Higashino and Stefan, 2019). Consequently, this has implications for interacting in
different climatic locations and subsequently altering the river flow behavior (Schneider
et al., 2013). The future total flow of rivers in Malaysia is expected to increase.
However, the low flow, which is more critical for water supply, is expected to decrease
notably during extreme dry years (NAHRIM, 2014). This occurs because of the shift in
rainfall pattern whereby the extreme wet and dry periods would be more distinct
(NAHRIM, 2014).
The FGD on Climate Change Adaptation Framework on Water Sectors has highlighted
several issues of the river, including (i) changes in mean annual runoff, (ii) low flow,
and (iii) high flow.
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2.1.1 Changes in Mean Annual Runoff
2.1.1.1 Knowledge
i.

Based on the Third Climate Model Inter-comparison Project (CMIP3), a
comparison between several rivers in Peninsular Malaysia using hydroclimatic
conditions during the historical period between 1984 and 1993 and future periods
of 2025–2034 and 2041–2050 was carried out by NAHRIM (Shaaban et al., 2011).
The study found no significant changes in the overall mean monthly streamflow
between the future and historical data for most river basins in Peninsular Malaysia,
except for Kelantan and Pahang river basins, which showed significant increases.

ii.

Future mean annual flows at 11 major river basins in Peninsular Malaysia, five (5)
in Sabah, and eight (8) in Sarawak were simulated for the periods of 2020-2040
and 2040-2060 as shown in Figure 2.1 and listed in Table 2.1 (NC3, 2018). The
future mean annual flow was projected to increase, except for the Muda river
basin, which shows a decrease of 2.8% for 2020-2040. The Muar river basin was
projected to have the highest increase by 25% and 26% for 2020-2040 and 20402060. A similar trend was also projected for the selected river basins in Sarawak,
except for the Baram river basin, which is expected to decrease by 2.2% from
2040 to 2060. On the contrary, the mean annual flows at the selected river basins
in Sabah were projected to decrease, except for the Tawau basin, which shows
no change.

Figure 2.1 The selected river basins for projecting future flow (NC3, 2018)
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Table 2.1 Future mean annual flows for selected river basins in Malaysia (NC3, 2018)
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iii. NAHRIM has established the NAHRIM Hydroclimate Data Analysis Accelerator
(N-HyDAA), also known as Malaysia Climate Change (CC) Knowledge Portal in
Figure 2.2, to provide information on climate change and water-related data. NHyDAA provides simulation results based on the CMIP3 downscaled data, both in
descriptive and graphical forms, thus facilitating the decision-making process on
the impact of natural disasters related to water and the environment.

Figure 2.2 Snapshots of simulation results in N-HyDAA portal. It can be accessed via
https://n-hydaa.nahrim.gov.my/NahrimPublic/hydaa-3/html/#home

iv. A study by NAHRIM found significant increases in the projected mean monthly
flows for the Muda river during 2040–2100, especially in April to May and July to
October (Amin et al., 2017). In addition, increases in mean monthly flows will be
significant in November 2030–2070 and from November to December during
2070–2100 at the Dungun river basin.
v. More recently, NAHRIM conducted a study on the hydrological impacts of climate
change for the whole of Peninsular Malaysia, as shown in Figure 2.3 (Amin et al.,
2019). The maximum mean monthly flows during 2010–2100 are projected to
increase between 17 to 430% compared to the baseline period of 1970–2000. The
minimum mean monthly flows during 2010–2100 are projected to decrease
between 2% and 62%.
P a g e | 10
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Figure 2.3 Percentage change in values of average, minimum, and maximum mean
monthly flows during the 2010–2100 period from the baseline period of 1970–2000
(Amin et al., 2019)

vi. The DID is now conducting National Water Balance System (NAWABS) study for
all states in Malaysia. Findings from the study are used to assess the existing
water balance and future scenarios and an operational system for real-time
decision-making and water accounting. So far, NAWABS has been completed in
five river basins during the first phase, and another 30 are in the pipeline, as shown
in Figure 2.4.

Figure 2.4 River basins selected for NAWABS study by DID. Basins shown in the dark
blue indicate the studies have been completed. The map can be accessed via
http://nawabs.water.gov.my/
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vii. Globally, IRBM has been recognized as an essential framework for sustainable
water management. Malaysia has started this initiative since the 1990s. In this
regard, the DID has completed 25 IRBM studies under RMK-11 (NC3, 2018).
viii. In Selangor, climate change effects on the river flow of the Klang river were studied
using a statistical downscaling model and the rainfall-runoff model (Kabiri et al.,
2012). The mean annual runoff of the river is predicted to decrease by 4 % for A2
scenario in the 2020s and 2050s and by 4.5% in 2080. Similarly, under the B2
scenario, the corresponding runoff is expected to decrease by 2.1%, 2.7, and 3.3
%.
ix. Tan et al. (2017) investigated the impact of climate change on annual streamflow
in the Kelantan River Basin. Thirty-six ensemble members were employed from
five General Circulation Models (GCMs) under the different Representative
Concentration Pathways (RCPs) scenarios simulated for 2015–2044 and 2045–
2074. The study found that the annual rainfall and maximum temperature at the
river basin were projected to increase by 1.2–8.7% and 0.6–2.1°C, respectively.
This resulted in increased annual streamflow between 14.6% and 27.2% and
evapotranspiration between 0.3% and 2.7%.
x. In Johor, the impacts of land use and climate variability on the hydrological
components of the Johor River Basin was studied by Tan et al. (2015). The
combined impact of climate and land-use change caused the annual streamflow
and evaporation to increase by 4.4% and 1.2%, respectively.
xi. NAHRIM, in collaboration with UTM, has completed an environmental flow study
in 2019 for eight selected river basins in Malaysia, namely Muda, Kelantan,
Pahang, Johor, Linggi, Selangor, Padas, and Sadong river basins. The study
proposed environmental/ecological flow values based on the inter-annual flow
variability at hydrological conditions of very dry, dry, average, and wet years.
However, the study only used observed flow data for the estimation. Further
studies need to be carried out using future projected flow data under different
climate change scenarios to better understand the ecological flows and their
subsequent implementation in Malaysia.
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2.1.1.2 Management
i.

In order to support the implementation of Urban Storm Water Management
(MSMA), DID has formulated Pelan Induk Mesra Alam (PISMA). One of this
master plan aims is to propose areas to be conserved for flood retention areas
(especially low-lying area), flood retention pond, and community pond.

ii.

Kempen Cintai Sungai Kita (Love Our River Campaign) was launched by the DID
in 1993 and supported by various relevant ministries (DID, 2017c). This campaign
aims to create awareness about the importance of rivers for life, promote
conservation measure, and increase knowledge for effective river management.
The campaign has been conducted in all states in Malaysia. For example, Figure
2.5 shows the activity of Kempen Cintai Sungai Kita carried out by the state DID
of Perak (DID, 1993). Among the various activities that were carried out include
river cleaning and planting trees on buffer strip.

Figure 2.5 Activity of Kempen Cintai Sungai Kita carried out by the DID state of Perak
at Perak river

iii. Besides the government, several NGOs have undertaken awareness activities,
such as the River Care Program (RCP) by the Global Environment Centre (GEC).
RCP aims to campaign the importance of rivers and their value for life. RCP
focuses on the dissemination of knowledge and society participation in river and
water resources protection. It has been conducted in the Kinta river, Pencala river,
and Klang river. Figure 2.6 shows some of the RCP activities at the Kinta river for
Phase I and Phase II (2015-2017).
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(a)

(b)

Figure 2.6 Activity of RCP at Kinta river for (a) Phase I (2012-2015) and (b) Phase II
(2015-2017)

iv. In 2019, NAHRIM, in collaboration with UTM, has drafted an ecological flow
guideline based on a statistical approach using long-term data from eight river
basins (six in Peninsular and one each in Sabah and Sarawak) for the
management of river basins in Malaysia at different environmental management
classes (A, B, C, and D) (NAHRIM, 2019).
2.1.1.3 Implementation
i.

In order to enhance the potential of the river for water supply, the government,
through the Ministry of Energy Green Technology and Water (KeTTHA) now the
Ministry of Water and Natural Resources (KASA), has promoted the Off River
Storage (ORS) (NC3, 2018). This is to resolve clean water scarcity during drought
and at the same time minimize flood risks during the wet season. Over the long
term, ORS could ensure adequate water supply in states experiencing water
stress, which could relieve pressure to transfer water from different states. One of
the ORSs in Malaysia is shown in Figure 2.7. Alternatively, Melaka has also
implemented ORS, such as Tasik Biru constructed in Jasin.

ii.

Selangor Water Management Board has identified and proposed alternative water
resources from ponds, lakes, and former mining ponds to overcome water
shortage in the State of Selangor via Hybrid Off River Augmented Storage
(HORAS) scheme (LUAS, 2017). One of the HORAS schemes in the state of
Selangor is shown in Figure 2.8.
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Figure 2.7 ORS Labu river basin (ABC, 2020)

Figure 2.8 HORAS in Selangor (SH, 2019)

iii. In Selangor, LUAS has developed the LUAS Intelligent Support System (LiSS) for
monitoring the quantity and quality of river water. This system can also predict
river water flow 36 hours ahead as a guide to controlling water release.
iv. The DID has established real-time monitoring of river flow in Malaysia. The data
can be accessed via forecast.water.gov.my/index.php/aras-air.
v. Inter-basin water transfer has been proven successful to meet water demand in
potentially water stress area. An example of this scheme is the water transfer from
the Upper Muar catchment to the Terip river in Negeri Sembilan for augmenting
water supply to the districts of Seremban and Port Dickson.
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2.1.1.4 Gaps
i.

At present, a 10% average annual flow (AAF) is adopted for flow regulation in
Malaysia. This value, however, is merely a rule of thumb and not backed by a
scientific basis that should consider the full function of the river at different flow
regimes. A more comprehensive assessment uses ecological flow, which
considers the entire hydrological regimes for maintaining the watershed function
and services in anticipation of climate change impact. However, the scientific
understanding is still preliminary, and more research and development are
required.

ii.

Although the construction of barrage can mitigate saltwater intrusion. There is also
concern about the possible impact on aquatic habitat (fish and shrimp) as reported
in the Malacca river and Johor river. The impact could be more severe in the future
due to climate change, and a detailed study is necessary to mitigate any possible
impact.

iii. Even though the flow maintenance rule of thumbs has been frequently stated in
many feasibility studies and environmental impact assessment (EIA) reports,
currently, there is no single agency with authority to enforce the implementation.
2.1.1.5 What’s Next
Strategy 1: Establish studies on the ecological flow changes
There is a need to establish comprehensive studies on the ecological flow changes in
all Malaysian river basins and propose the management scenarios. To date, NAHRIM
has completed ecological flow studies only for eight river basins. In addition, it is also
critical to establish comprehensive studies on the impacts of climate change on
ecological flow changes in all Malaysian river basins and propose the management
scenarios.
Strategy 2: Establish studies on barrage impacts on habitat
Establish comprehensive studies on the effects of barrage construction on aquatic
flora and fauna. This knowledge is essential to understand the effects of barrage
construction on habitat, which is helpful for further designing the barrage.
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Strategy 3: Need responsible agency
There is a need to assign a responsible agency to enforce river flow regulation
requirements in the foreseeable future. This is critical to enforce the implementation
of flow regulation.
Low Flow
2.1.2.1 Knowledge
i.

NAHRIM has conducted a study on the future projections of climate change effects
on low flows in several rivers in Peninsular Malaysia (Shaaban et al., 2011). The
investigation was simulated using hydroclimatic conditions during the historical
period of 1984–1993 and future periods of 2025–2034 and 2041–2050 based on
IS92 scenarios (1992). It was also predicted that monthly low flow would be

significantly lower in the Selangor River and Klang River watersheds during dry
months.
ii.

In another study by NAHRIM, it was reported that the future annual low flows are
projected to decrease by 48% for Muda river, 4% for Selangor river, 44% for
Kelantan river, 49% for Pahang river, 23% for Johor river, and 62% for Linggi river
by the end of the century (2100) (NAHRIM, 2014). No significant changes in low
flow are expected for other river basins, namely, Perak, Klang, Muar, Batu Pahat,
and Dungun.

2.1.2.2 Management
i.

A rule of thumb of 10% maintenance of average annual flow (AAF) has been
adopted in Malaysia to regulate flow regimes and conserve the aquatic ecosystem.

ii.

The water state authority can request the dam operator to release additional flow
to minimize severe low-flow conditions downstream as implemented in Johor by
BAKAJ and in Selangor by LUAS.

iii. The DID has established Hydrological Procedure HP12, which outline the
methodology to analyze low flows of rivers in Peninsular Malaysia.
iv. In 2015, The Department of Forestry Peninsular Malaysia has issued a DirectorGeneral Circular on the Guidelines for the Establishment and Management of
Water Catchment Forest within the Permanent Forest Reserve for Peninsular
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Malaysia. The objective of establishing a Water Catchment Forest is to ensure a
continuous supply of clean raw water for domestic and industrial uses.
2.1.2.3 Implementation
i.

NAHRIM, in collaboration with UTM, has completed a study on ecological flow
(NAHRIM, 2019). The study found that the existence of dams has increased the
minimum 1-day and 7-day low flows for Johor, Selangor, and Muda river basins
(NAHRIM, 2019).

ii.

Besides dams, the barrage has been constructed in several rivers such as in Johor
river, Muda river, Kerian river, Sarawak river, and Melaka river. The benefit of
having a barrage is to retain flow upstream during drought. Figure 2.9 shows the
barrage in the Melaka river.

Figure 2.9 Barrage on Melaka river in the state of Melaka

iii. In an effort to boost the state raw water supply, LUAS has installed several pumps
to transfer water from alternative ponds to the Selangor river. The pump has been
in operation since June 2014 to supplement the raw water supply to the intakes
during dry seasons. A total of 48 pumps were installed with a total capacity of
about 1,900 MLD, as shown in Figure 2.10.
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iv. To date, a total of 96 forest reserves in various states of Peninsular Malaysia have
been gazette as Water Catchment Forests. This is to ensure the forest can supply
adequate and clean raw water resources.

Figure 2.10 Overview of the pumping operation from alternative ponds to Selangor
river (LUAS, 2017)

2.1.2.4 Gaps
i.

There is a need to study low flow impacts on sediment deposition and profile, river
assimilative capacity to dilute pollution, and aquatic habitat conservation.

ii.

Currently, the local climate change impact is assessed using limited RCM models,
which are MM5, PRECIS, RegCM4, and WRF. In view of the diversity of the
climate change impacts and the need to address the local climate sensitivity, it is
necessary to explore other RCM models such as CCAM and RCA3.

iii. The present ecological flow analysis was developed based on a statistical method.
Thus, it does not address the water and biotic interaction and the actual impact on
the aquatic flora and fauna. There is a need to study the ecological flow
requirement that considers physical, biological and chemical interactions using
such method as the entirety analysis method. The entirety analysis method is
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more robust for assessing the river ecosystem integrity, biological conservation,
habitat maintenance, and pollution control. To date, it is regarded as the most
comprehensive method.
2.1.2.5 What’s Next
Strategy 1: Establish studies on low flow impacts
It is necessary to carry out a comprehensive study on low flow impacts on sediment
deposition and profile, river assimilative capacity to dilute pollution, and aquatic
habitat.
Strategy 2: Exploring RCM models
It is timely to explore other RCM models such as CCAM, RegCM4, WRF and RCA3 to
address the local climate sensitivity. This is useful given the diversity of the climate
change impacts and in addressing the local climate sensitivity
Strategy 3: Exploring other ecological flow methods
To explore other ecological flow methods such as the entire analysis to establish
comprehensive knowledge of the environmental impacts not only on water quality and
quantity but also on the ecosystem and biodiversity.
High Flow
2.1.3.1 Knowledge
i.

NAHRIM has conducted a study on the future projections of climate change effects
on high flow in several rivers of Peninsular Malaysia (Shaaban et al., 2011). The
river flow was simulated using hydroclimatic conditions during the historical period
of 1984–1993 and future periods of 2025–2034 and 2041–2050 based on IS92
scenarios (1992). It was predicted that the high flow conditions would be magnified
in the Kelantan, Terengganu, Pahang, and Perak rivers during the wet months.

ii.

NAHRIM has also carried out a study on the possible impact of climate change on
high flows of selected river basins in Peninsular Malaysia, which are Muda, Perak,
Selangor, Klang, Kelantan, Dungun, Pahang, Muar, and Batu Pahat rivers using
flow data from 1970-2000 as the baseline and 2010-2100 as the future projected
data (NAHRIM, 2014). The study found that the high flows for all rivers were
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projected to increase, with the highest increase is expected for the Muar river
(556%).
2.1.3.2 Management
i.

The government has established the National Flood Forecasting and Warning
Program (PRAB) following the massive floods event in December 2014, which hit
eight states: Kelantan, Terengganu, and Pahang Perak, Perlis, Johor, Sabah and
Sarawak. The PRAB program is implemented in two phases: PRAB Phase 1 and
PRAB Phase 2 and will be implemented within ten years (2015 to 2025). PRAB
Phase 1 Project (PRABF1) has been implemented for three (3) major river basins:
Sg. Kelantan, Sg. Terengganu and Sg. Pahang. The PRAB Phase 2 Project has
started in 2018 and is expected to complete by 2025. PRAB Phase 2 will involve
flood forecasting models in 38 river basins nationwide, including Sabah and
Sarawak.

ii.

The government has encouraged public involvement and ownership via friends of
river campaign, as shown in Figure 2.11.

Figure 2.11 Overview of friends of rivers in Malaysia (GEC, 2019a)

2.1.3.3 Implementation
i.

Among the purpose of constructing a can is to regulate the flow in the river during
wet seasons. For instance, the ecological flow analysis found that the maximum
flow for the Muda river has decreased after dam construction (NAHRIM, 2019).
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However, it is important to note that the Muda dam has diverted most of the upper
catchment runoff to the MUDA Irrigation Scheme in the neighboring Kedah River
basin via the Saiong tunnel.
ii.

The DID has completed 70 flood mitigation projects throughout the country (DID,
2017a).

2.1.3.4 Gaps
i.

One of the advantages of ecological flow assessment is estimating water reserves
via the combination of long-term mean annual flow and flood regimes (high flows).
NAHRIM has successfully estimated water reserve for eight river basins in
Malaysia using historical data (NAHRIM, 2019). Future studies need to be carried
out using future projection data to estimate the possible impact of climate change
on water reserves in Malaysia.

ii.

It is necessary to replicate ecological flow study to other major river basins to
prioritise rivers where the raw water is heavily abstracted.

2.1.3.5 What’s Next
Strategy 1: Establishing studies using future projection data
There is a need to establish comprehensive studies using future projection data to
estimate the possible impact of climate change on water reserves in Malaysia.
Strategy 2: Establishing studies for other river basins
In addition, it is also required to establish comprehensive studies on water reserve
estimation for other river basins, particularly for rivers having the highest number of
water treatment plant (WTP) in each state. Thus, more activities from friends of rivers
are highly encouraged to be carried out.

SEA/COASTAL
Climate change is also projected to affect sea level in Malaysia. It is expected to cause
more severe tidal inundation, shoreline erosion, increased wave action, saltwater
intrusion and loss of arable land, leading to the possible relocation of coastal
infrastructure. Sea level rise would also reduce light penetration vital for the survival
P a g e | 22

Climate Change Adaptation Framework for Water Sectors

of coral reef that is crucial to support fish habitats. The FGD about Climate Change
Adaptation Framework on Water Sectors highlighted several issues related to
sea/coastal, including sea level rise.
Sea Level Rise
2.2.1.1 Knowledge
i.

Study to investigate sea level rise at various coastal regions in Malaysia simulated
using the Atmosphere-Ocean coupled with GCM was conducted by Ercan et al.
(2013) as shown in Figure 2.12. The simulation results based on the CMIP3 model
showed increases in the sea level around Peninsular Malaysia between 0.066 m
and 0.141 m by the year 2040 and from 0.253 m to 0.517 m by 2100. In addition,
the sea level around Sabah-Sarawak coastlines was predicted to increase
between 0.115 m and 0.291 m by 2040 and from 0.432 m to 1.064 m by 2100. It
was found that the highest sea level rise occurs at the northeast and northwest
regions of Peninsular Malaysia and the north and east sectors of Sabah. Without
adequate mitigation measures, future floods are expected to be more severe and
damaging.
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Figure 2.12 Mean of the sea level rise projections around Malaysia coastlines for 2040
and 2100 (Ercan et al., 2013)

ii.

NAHRIM has conducted a coastal vulnerable index assessment (Mohamad et al.,
2014). Out of the 1963 km coastline on Peninsular Malaysia evaluated and
mapped, 3.3% was classified as highly vulnerable, 11% as highly vulnerable, and
40 % as highly vulnerable.

iii. Study at Tanjung Piai, Johor found that the sea level has increased at an average
of 1.3 mm per year from 1986 to 2006 (Daud et al., 2015).
iv. A more detailed study on the effect of climate change on long term sea level in
Malaysia was reported by Kamaruddin et al. (2016). The study used tidal data
obtained from gauge stations along Malaysia’s coastlines from 1984 to 2013. It
was found that the sea level along the coastline of Peninsular Malaysia, Sabah,
and Sarawak had risen at an average rate of 3.67 mm/yr.
v. A study by NAHRIM reported that the increase in sea level would lead to broader
and deeper inundation area in Ketam island, Klang Island, Tengah island, Selant
Kering island, Pintu Gedong island, and Che Mat Zin island (NAHRIM, 2012).
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2.2.1.2 Management
i.

In Malaysia, developing a comprehensive and integrated coastal zone
management policy has been initiated under the Seventh Malaysia Plan (7MP).
Under the 7MP, legal provisions that govern the management of coastal resources
are highlighted.

ii.

The government has established Rancangan Fizikal Zon Pantai Negara.

iii. Forestry Department of Peninsular Malaysia (JPSM) has promoted the mangrove
rehabilitation program.
iv. Jawatankuasa Teknikal Bakau, DID has established the mangrove rehabilitation
program.
v. Realizing the increasing trends of coastal erosion, Malaysia, through the DID, has
planned the Integrated Shoreline Management Plan (ISMP) for every state in
Malaysia. The primary objective is to provide guidelines on implementing
sustainable coastal development while providing adaptation strategies to minimize
the associated risks.
vi. DID has conducted studies of Integrated Shoreline Management Plan (ISMP) to
harmonize all activities in the coastal area. In 2017, ISMP studies have been
carried out in Pahang, Melaka, Negeri Sembilan, Pulau Pinang, Labuan, Miri in
Sarawak, Sabah and Johor (NC3, 2018).
vii. Pelan Malaysian has also addressed the sea level rise issue in their Rancangan
Struktur Negeri of each state in Malaysia.
2.2.1.3 Implementation
i.

The government has increased jetty platforms, such as those implemented in
Langkawi and Sabah.

ii.

DID has been constructing a bund along the coast that is prone to coastal erosion
and storm surge.

iii. Based on NC3 2018 report, a total of 208 structural coastal protection projects had
been implemented between 1985 and 2015 to protect over 212 km of coastline
(NC3, 2018)
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2.2.1.4 Gaps
i.

Insufficient coastal hydrodynamic simulation that incorporates sea level rise
impacts for vulnerable coastal regions in Malaysia.

ii.

Although several studies have shown the projected increase in sea level in
Malaysia, study on water resources such as saltwater intrusion on river water,
groundwater, and lakes is hard to find. The information is useful to understand the
possible impact of sea level rise on water resources; hence, various strategies can
be proposed for the management.

2.2.1.5 What’s Next
Strategy 1: Develop high-resolution coastal inundation maps
Develop high-resolution coastal inundation maps based on a coastal hydrodynamic
simulation that incorporates sea level rise for 20-year time intervals up to 2100 and
carry out detailed coastal erosion and sedimentation studies to plan comprehensive
adaptation measures.
Strategy 2: Need studies on saltwater intrusion impact
Establish comprehensive studies on the possible impact of sea level rise on saltwater
intrusion and how it impacted the river water, groundwater, and lakes.

DAM AND LAKES
Dam operation would be much affected by climate change, especially during extreme
wet and dry seasons. During the wet season, the increased frequency of extreme
rainfall would result in a large amount of runoff volume that could no longer be stored
by the existing dam capacity. On the other hand, during the dry period, which is
expected to be longer in the future, higher evaporation would deplete the water storage
faster. The higher rainfall intensity coupled with more land opening would lead to
higher slope erosion and sedimentation of the dam, further reducing the dam capacity.
Several issues on the likely impacts of climate change on the dam, including
decreasing low storage capacity during the dry period, have been highlighted during
the FGD.
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Decreasing Low Storage Capacity
2.3.1.1 Knowledge
i.

Among studies on the climate change impact on the dam is those by NAHRIM for
Bekok Dam. Based on the 15 climate change scenarios of the CMIP3, the reservoir
is predicted to experience several critical drawdown periods from 2010 to 2100
(Aziz, 2014).

ii.

In another case study, climate change has also affected the capacity of the Durian
Tunggal dam in Malacca. The severe drought in 1991 had dried up the reservoir
and resulted in prolonged water rationing in most states (Rahman, 2009).

iii. Several dams in Peninsular Malaysia also experienced low storage level during
dry periods. During the El Niño episode between March 2015 and April 2016, the
water storages had reached a critical level for the Padang Saga Dam, Bukit Merah
Dam, Timah Tasoh Dam, Labong Dam, Bukit Kwong Dam, Gemencheh Dam,
Beris Dam, Muda Dam, and Pedu Dam. The affected area had experienced water
shortages for at least three consecutive months, from January to August 2016. In
the case of the Labong Dam and the Bukit Kwong Dam, the shortage prolonged
for eight consecutive months.
iv. In 2014-2015, Sungai Langat Dam, Sungai Selangor Dam, and Sungai Tinggi
Dam experienced three or more consecutive months of storage levels below 50%
capacity (NC3, 2018). Moreover, these dams are predicted to experience
significant dry spells with a return period of more than 10 years by 2040.
v. As part of the effort to avert the water crisis, Badan Kawal Selia Air (BKSA) Melaka
has conducted Emergency Action Plan (EAP) studies for all dams in Melaka.
2.3.1.2 Management
i.

The establishment of a National Dam Safety Management Guidelines in 2017 by
DID.

ii.

A draft of the National Dam Safety Management Act document has been
completed since September 2019. This document is now under the authority of
the ministry (KASA) for further action involving several legal processes before it
can be enforced.
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2.3.1.3 Implementation
i.

In 2013, DID Malaysia had monitored water levels at 13 dams in Peninsular
Malaysia. More stations are planned to be included to provide better coverage of
the system. Currently, the DID has monitored 21 dams’ level in Malaysia, and the
data can be accessed via infokemarau.water.gov.my.

ii.

The upgrading work for Bekok Dam in Johor by DID has started in November
2019 and is expected to complete in February 2022. For Timah Tasoh Dam in
Perlis, the first upgradation was completed in January 2020 and followed by the
second upgradation which is expected to complete by April 2024.

iii. The government has also planned to construct new dams for Johor, Pahang, and
Melaka (Jernih Dam).
iv. Inter-basin water transfer has been implemented for many years in Malaysia. For
instance, the Muda Dam reservoir stores almost all of the basin runoff and conveys
it to the Pedu Dam via the 6.6km long Saiong tunnel. The water conveyed to the
Pedu Dam is principally used for the MUDA Irrigation scheme of about 97,000ha.
v. Johor-Melaka Water Agreement, the state of Melaka has been receiving 35 million
gallons of raw water a day from Johor. In this project, raw water from Sungai Muar
in Johor is pumped to the Durian Tunggal Dam in Melaka.
2.3.1.4 Gaps
i.

Insufficient detailed analysis of impacts of a dry spell on dams and reservoirs,
particularly for those that were designed for water supply purposes. A study by
NAHRIM on Bekok Dam based on 15 climate change scenarios is useful to
formulate management guideline and be adapted for other states.

ii.

Conventionally, dams are designed to continue to operate over a long design life,
generally greater than 50 years. Dam height (and hence reservoir capacity) is
fixed, as is the capacity of the spillway. Changing dam height or increasing
spillway capacity was not an option in the past, as alterations to the dam can be
costly. However, with the imminent climate change impact, such restriction may
need to be reviewed. The hydrological characteristics of a source catchment and
the estimated risk of extreme floods may change over the design life and cannot
be assumed to be constant.
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2.3.1.5 What’s Next
Strategy 1: Need studies on climate change impact on dams
There is a need to conduct more comprehensive studies on the impact of climate
change on dams during the dry spells and wet seasons.
Strategy 2: Need adaptable dam design
In Malaysia, dams need to be designed in such a way that they can be upgraded at a
reasonable cost by considering their performance periodically reviewed

GROUNDWATER
Increased variability in precipitation and more extreme weather events caused by
climate change will lead to more extended periods of droughts and floods, directly
affecting groundwater availability and dependency. There is a higher risk of depletion
of aquifers during prolonged droughts, especially in small and shallow aquifers.
Climate change does affect not only groundwater quantity but also its quality. Sea level
rise may lead to saltwater intrusion into coastal aquifers, thus deteriorates
groundwater quality. Currently, there is a pressing need to expedite the exploration of
groundwater resources because the current sources of surface water have been
heavily abstracted. The issue on a possible reduction in the potential groundwater
recharge due to climate change was also discussed during the FGD.
Reduction in Potential Recharge
2.4.1.1 Knowledge
i.

Climate change may affect groundwater storage due to expected change in the
rainfall regime. According to Mogaji et al. (2013), there would be a 1% reduction
in monthly recharge by 2020s and a 7-10% recharge increment by 2080s across
Peninsular Malaysia. This is due to the expected decrease in precipitation and
increase in evapotranspiration. Moreover, a more comprehensive study is needed
to assess the climate change impact on groundwater on a spatial basis as the
rainfall and evapotranspiration vary over the space.
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ii.

A study on groundwater availability in Selangor by Mridha et al. (2019) found that
the groundwater tables had declined by about 0.5–3 m in most of the area due to
the extreme dry condition.

iii. Through DOE, the government has conducted groundwater quality monitoring
since 1997, involving 109 wells throughout the country (DOE, 2018). In 2018, 392
samples were analyzed, and the Malaysia Groundwater Quality Index (MGQI) was
used to determine the groundwater quality status and its category.
2.4.1.2 Management
i.

The Peraturan Pemajuan Telaga Dan Korekan 2013 (Development of Well and
Excavation 2013) has been in place and enforced to ensure no excessive
extraction. The policy is initiated to improve groundwater management.

ii.

Under the Eleventh Malaysia Plan (RMK-11), a study to determine the risk of
saltwater intrusion zones at selected basins has also been conducted.

iii. JMG has proposed under RMK-12 to determine 4D hydrogeological mapping for
Kedah, Johor, and Perak.
iv. The government has established Ministry KPI by +20% conjunctive use with
surface water by 2030.
v. Since 2011, the Department of Mineral and Geoscience (JMG) has put in place
strategies to strengthen the exploration and development of the nation’s
groundwater through increasing research and providing monitoring services on
groundwater quality (NC3, 2018). It also provides information on the safe rate of
extraction to state governments as guidelines in issuing groundwater extraction
licenses at the coastal areas to avoid saltwater intrusion.
2.4.1.3 Implementation
i.

JMG has conducted an Integrated groundwater monitoring network with relevant
agencies and develop the National Groundwater Monitoring System.

ii.

Currently, the Malaysian government has established groundwater monitoring in
Johor (3), Kelantan (7), Pahang (8), Perak (11), Terengganu (8), Negeri Sembilan
(3), Selangor (10), Kedah (6), Sabah (5), and Sarawak (6). The data can be
accessed via http://www.data.gov.my/data.

iii. In Kelantan, the state has implemented a horizontal collector well.
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iv. In Melaka, the state has planned to construct groundwater wells in the entire state.
2.4.1.4 Gaps
i.

There is a lack of monitoring and simulation studies covering all the groundwater
storage affected by saltwater intrusion and prolonged drought.

ii.

Detailed study of infiltration and recharge processes, aquifer characteristics
(structure, permeability, and storage), and flow pathways needs to focus on future
research to predict how different land uses will respond to warmer temperatures
and elevation-dependent changes in precipitation patterns.

2.4.1.5 What’s Next
Strategy 1: Need more monitoring and studies
There is a need to conduct comprehensive monitoring and studies on the impact of
climate change on groundwater quantity and quality.
Strategy 2: Need more studies on hydrological processes
There is a need to conduct a comprehensive study on infiltration and recharge
processes, aquifer characteristics (structure, permeability, and storage), and flow
pathways at different land use and rainfall patterns.

SUMMARY
The discussions as mentioned above highlight that considerable knowledge of climate
change effects on water resources has been established in Malaysia. Water efficiency
and improved implementation and planning of water management in Malaysia provide
support to adaptation and mitigation of climate change which can deliver co-benefits
across sectors. All options presented in this framework can be both no-regret and lowregret investments. No-regret options provide benefits in the absence of climate
change. Meanwhile, low-regret options may incur additional costs to offset climate
change risks. However, the cost is small in comparison to the benefits of avoiding
future costs. Several managements and implementations through collaboration
between the government and the community have been carried out. However,
numerous gaps remain to be filled due to several factors, including poor policy
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implementation, lack of data management, and low public participation, as shown in
Figures 2.13 and 2.14. Hence, this framework has proposed several strategies that
can be implemented to improve the water resources management in Malaysia,
particularly those concerning climate change.
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Knowledge

Issues

Changes in
mean annual
runoff

River

Low flow

High flow

Gaps

What’s next

Lack of comprehensive understanding on ecological flow (EF)

Establish studies on EF based on historical and future flows data

Lack of knowledge on impact of barrage construction on aquatic habitat

Establish studies on barrage construction impact on aquatic habitat

No single agency to enforce the implementation of flow regulation

Assign responsible agency to enforce river flow regulation

Limited understanding on low flow impacts on physio-chemical

Need studies on low flow impacts physio-chemical properties of river

Limited use of RCM models for local climate change impact

Need to explore other RCM models such as CCAM and RCA3

The EF analysis is only based on hydrology method

Need alternative EF method such as by entirety analysis

Inadequate studies using future projection data on water reserve

Establish studies on impact of climate change on water reserves

Limited studies on water reserve estimation for other river basins

Conduct studies on water reserve estimation for other river basins
More encouragement of friends of river needs to be carried out

Figure 2.13 Summary of gaps and proposed strategies for river under possible climate change impact
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Knowledge

Sea

Dam

Ground
water

Issues

Gaps

What’s next

Insufficient coastal hydrodynamic model incorporating sea level rise

Develop high resolution coastal inundation maps based on CHM

Lack of understanding on saltwater intrusion impacts on water resource

Conduct studies on saltwater intrusion impacts on water resource

Insufficient detailed analysis of dry spell impact on dams and reservoirs

Establish studies on dry spell impact on dams and reservoirs

Non-upgradable dam design for increasing the capacity

Propose and develop dam design based on climate change scenario

Lack of studies on saltwater intrusion and prolonged drought on GW

Conduct studies on saltwater intrusion and drought impact on GW

Insufficient studies on recharge processes and aquifer characteristics

Conduct studies on recharge processes and aquifer characteristics

Sea level rise

Decreasing low
storage

Reduction in
potential
recharge

Figure 2.14 Summary of gaps and proposed strategies for sea, dam, and groundwater under possible climate change impact
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CHAPTER 3
3 WATER UTILIZATION

Malaysia’s climate is changing in line with global climate change. It is anticipated that
climate change will affect many water sectors in Malaysia, among others, water
supply, sewerage, irrigation, hydropower and fisheries. Several studies show that
climate change will increase daily temperature, change precipitation patterns, raise
the sea level, and increase the frequency and severity of extreme events (Amin et al.,
2019; Tang, 2019).
Information collected from various agencies during the Focus Group Discussion (FGD)
for Climate Change Adaptation Framework on Water Sectors has shown series of
issues for each of the water-service industry as depicted in Figure 3.1.

Figure 3.1 Issues related to climate change for each of water utilization
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WATER SUPPLY AND SEWERAGE
The impact of climate change on water resources alters the quality and quantity of the
water supply cycle. In terms of quality, it can be affected by either low or high flow.
During low flow, the quality is affected due to reduced dilution and river’s carrying
capacity, while during high flow, the quality is affected due to surface runoffs. In terms
of quantity and availability, it is mainly affected during an extremely dry weather event
and significantly depends on the storage capacity. Therefore, the highlighted TWO (2)
main issues on water supply and sewerage are (i) water pollution and (ii) lack of
storage capacity.
Water Pollution
3.1.1.1 Knowledge
i.

Heavy rainfall often increases surface runoff that later leads to the high flow. The
runoff picks up sediments, strips nutrients from the soil, carries oils from drains,
overflow greywater and sullage from the septic tank, and other undesirable
pollutants, flushing it into nearby water bodies. As a result, it increases river
pollution.

ii.

WEPA (2019) reported the river quality trend in Malaysia that significantly
decreased (Figure 3.2). This downfall trend indicates the severe impact of climate
change through heavy and frequent rainfall event, aside from the various
discharges due to anthropogenic activities.

Figure 3.2 Trend of river quality from 2008 to 2017 (WEPA, 2019)
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iii. The downfall trend of river quality in Malaysia is also associated with low dilution
and decreased river’s carrying capacity. These two occurrences happen during
low flow. This situation creates a greater risk for river pollution, such as ammonianitrogen based pollution.
iv. The reduced carrying capacity of the river can be severe because most of the
existing STPs in Malaysia are quite old and unable to meet stringent effluent
discharge requirements under Environmental Quality Sewage Regulation (EQSR)
2009. Some of the STPs have reached their designated capacity.
v. Based on the NC3 report, there is no direct impact of an extremely dry weather
event on sewerage facilities. However, sewage has always been identified as one
of the pollution sources during dry weather due to less dilution in low flow river
(MESTECC, 2018).
vi. Based on National Water Resources Study (2000 – 2050) by DID (2011), the
demand for portable water is increasing based on the projection water demand
from 2010 to 2050 (as in Figures 3.3 and 3.4). Despite the projected increase in
water demand, the risk of water pollution associated with climate change is
imminent.

Figure 3.3 Water-demand for 2010 (DID, 2011)
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Figure 3.4 Water-demand projection for 2050 (DID, 2011)

vii. Most of the portable water supply in Malaysia are from rivers. Therefore, as
outlined in the RMK11 and NPP2, the government has recognized the importance
of managing and protecting the river by adopting IWRM and IRBM principles and
approach in land use planning (JPBD, 2010).
viii. RMK11 highlighted the need to develop a long-term strategy for water resources
management to achieve water security. In contrast, NPP2 highlighted the need for
water-resources-rich states to protect their water catchments and develop them
for export to water-stressed states at their best quality and quantity (JPBD, 2010).
x. According to Vineis, Chan and Khan (2011), increased sedimentation could occur
at the river mouth due to the increased saltwater intrusion. The intrusion increases
salinity and arsenic contamination thus, reduce the river quality. Arsenic
concentrations can be high because arsenic sorbs to ferric oxyhydroxides in
sediments under oxidizing conditions. Arsenic in rivers could also be leached from
riverbank sediments with high arsenic concentrations due to the discharge of
reducing, As-rich groundwater during the dry event (Ayers et al., 2017). The
degree of saltwater intrusion is intensified by climate change, specifically during
an extreme dry weather event.
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3.1.1.2 Management
i.

Ranhill SAJ (RSAJ) has established a Water Safety Plan (WSP) to identify
pollution and carry out rapid remedial measures at the intake point. This reduces
the risk of river pollution and ensures anuninterrupted supply of good quality to
consumers.

ii.

SPAN has also started a project on WSP, which aims to standardise the WSP
development format for all water operators, including the development of
guidelines and assisting all operators in encouraging the development of WSPs.
SPAN's new format/guidelines will incorporate climate change-related risks as part
of the risk assessment and mitigation factors. The project is outsourced to a
consulting firm (G&P Dams & Services) and aimed to be completed by the end of
2021.

iii. SPAN’s role is more of regulating the Water Services Industry. However, SPAN
voluntarily maintains a database on the water supply dams' daily dam-level
records to ensure a clean and safe water supply are delivered to consumers. Other
than that, SPAN has also made various efforts to identify risk factors associated
with dams and classify water supply dams in Malaysia.iv. SPAN

has

also

embarked on an initiative to produce a Sewerage Catchment Plan. At present, the
project is still in the procurement phase.
v. RMK10 highlighted major institutional restructuring of the water utility sector that
commences on the 1st January 2008, with the gazettement of the Water Services
Industry Services Act 2006 (Act 655) or WSIA. WSIA was created to allow the
Federal Government to provide and regulate water supply services and sewerage
services, which were formerly under the jurisdiction of the state authorities. It
ensures uniformity of the laws and policies for the proper control and regulation of
water supply services and sewerage services throughout Peninsular Malaysia and
the Federal Territories of Kuala Lumpur, Putrajaya and Labuan.
vi. For the purpose of controlling the quality of sewage and industrial discharge, DOE
has imposed the Environmental Quality (Sewage) Regulations and Environmental
Quality (Industrial) Regulations 2009.
vii. RMK11 recognized the need for more prudent and efficient water resources
management and supply in line with the growing economy. The plan articulates
the need to reassess water resources management across the entire water cycle,
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from its source to the end-user and its final disposal as wastewater. The measures
for ensuring sustainable water supply encompass three focus areas. These
include developing a long-term strategy for water resource management to
achieve water security, continuing efforts to restructure the water services industry
and protecting rivers from pollution.
viii. The KASA Road Map for Environmental Sustainability in Malaysia 2020 – 2030
targeted 357 clean rivers by 2020, 5% increase by 2023, 10% increase by 2025,
and 25% increase by 2030.
ix. Air Selangor has revised and finalized the Strategic Plans into seven Strategic
Plans and Initiatives (SPIs) and eight Key Result Areas (KRAs), as illustrated in
Figure 3.5. The initiatives are constantly being developed towards a sustainable
and resilient water future (Air-Selangor, 2018).
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Figure 3.5 Seven (7) finalized SPIs in Strategic Planning by Air Selangor

x

The Urban Stormwater Management Manual for Malaysia (MSMA) provides a
riparian or buffer zone guideline. Riverside or riparian vegetation helps to protect
the riverbank, provides a breeding ground for aquatic life, temporarily holding
overflow, and trap sediments and some pollutants during heavy rainfall event (DID,
2012).
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xi. The Sungai Selangor Basin Management Plan 2015 – 2020 provides an action
plan to conserve existing water resources and ensure clean water for Sg. Selangor
basin (LUAS, 2014).
xii. The Hydrological Procedure (HP1) prepared by DID provides an estimation of
Areal Rainfall Factor (ARF) and Climate Change Factor (CCF). This procedure
included the reviewed CCF that is more reliable to estimate/forecast the extreme
weather event (DID, 2015).
xiii. The Malaysian Sewerage Industry Guidelines (MSIG) specifies that all the STPs
and NPSs shall be constructed above the flood level and that installation of an
early warning system (EWS) is required to alert on the inoperability of process
equipment, which eventually may reduce the impact of floods (high flow) to the
STP itself.
3.1.1.3 Implementation
i.

The River Monitoring Stations (RMS) were installed in Johor and Selangor to
continuously monitor the river water quality. Thus far, three RMS stations were
installed at Sg. Johor and 15 RMS stations in Selangor.

ii.

Air Selangor has constructed two Off-River Storage (ORS), namely ORS Labu and
ORS Semenyih2 (see Figure 3.6). ORS Semenyih2 was commissioned in early
2018 with a production capacity of 100 MLD. The significant advantages of ORS
are improvement of raw water quality, continuous provision of raw water supply
even during potential episodes of pollution, significantly reduces chemical
consumption at the WTP and reduces the amount of process residual (AirSelangor, 2018).
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(a)

(b)

Figure 3.6 (a) ORS Sg. Labu; (b) ORS Semenyih2

iii. The assessment of Total Maximum Daily Load (TMDL) has been conducted for
few rivers. NAHRIM has conducted a TMDL study for Sg. Melaka basin, while
DOE has conducted TMDL study for Sg. Semenyih. In 2017, DID conducted a
study on the development of TMDL for the River of Life (RoL) project.
iv. DID has conducted several campaigns such as Kempen Cintai Sungai Kita (that
was planned during RMK8), River of Life (RoL) project for Federal Territory of
Kuala Lumpur, and One State One River Program that was launched in 2002. All
these campaigns and programs aimed to rehabilitate the river, successfully adopt
and implement IRBM, and preserve the river's valuable assets.
v. DID has organized several series of Public Outreach Programs (POP) between
the year 2016 to 2020 with different private environmental consultants. POP is
organized as an effort by DID to reduce river pollution and continuously improve
water quality RoL project areas.
vi. NAHRIM has implemented constructed wetland (as in Figure 3.7) as an alternative
to the conventional sewage treatment method. To date, this constructed wetland
has been implemented in Tioman Island, Kg. Machap, Melaka, and Taman Mawar,
Puchong.
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Figure 3.7 Among the example of constructed wetland by NAHRIM

vii. SPAN is undertaking a project of upgrading 644 STPs in Peninsular Malaysia
which are currently under paragraph (iii) Standard A to paragraph (i) Standard A
of the Environmental Quality (Sewage) Regulations 2009. This project is
undertaken by utilizing Sewerage Capital Contribution Fund. Currently, the project
is at the implementation stage.
3.1.1.4 Gaps
i.

Insufficient RMS and ORS at basins that are prone to extreme climatic condition.

ii.

Lack of assessment and projection on the impact of the extreme climatic condition
on the river’s carrying capacity.

iii. No existing regulation and mechanism to monitor effluent quality discharge from
individual septic tanks.
iv. High permissible concentration of effluent limits (sewage or industrial) specified in
the Environmental Quality Regulation (2009).
3.1.1.5 What’s Next
Strategy 1: Install more RMS and ORS
More RMS and ORS should be installed at basins that are prone to extreme climatic
conditions. This strategy is intended to ensure an uninterrupted clean water supply
during dry and wet seasons. ORS project aimed at looking for long-term solutions to
P a g e | 44

Climate Change Adaptation Framework for Water Sectors

ensure adequate water supply and reduce dependency on water resources purchased
from other states, thus reducing the cost of raw water and electricity. The proposed
ORS should complement the RMS for continuous river flow monitoring and storage
regulation.
Strategy 2: Improve climate change projections
The climate change projection should be improved by including impact model
developments. These include improving the GCMs resolution, detailing the
representation of cloud microphysics and topography, and simulating the capability of
high-intensity precipitation events. It is worth exploring other relevant and up-to-date
models such as NHRCM, ReGCM4 or climate-WRF. Furthermore, extensive climate
change impact assessment should be conducted on sedimentation profile due to
saltwater intrusion. It is then crucial to incorporate all the projections and assessments
with potential river dilution and their carrying capacity. This can help formulate the
water and wastewater facilities and preserve the quantity and quality of the river water.
Strategy 3: Mandatory scheduled desludging of septic tanks
There are millions of septic tanks in Malaysia. Hence, it poses some difficulties,
particularly in monitoring the performance of each septic tank. All septic tanks are
prone to overflow incidents when heavy rainfall occurred. Therefore, it is suggested
that the implementation and enforcement of scheduled desludging of septic tanks
should be made mandatory to ensure that the septic tanks are in good working
conditions and performance.
Strategy 4: Revise permissible concentration effluent (sewage or industrial)
Considering the impact of climate change, it is crucial to revise the permissible
concentration of effluent discharged from STPs or industries. The current permissible
limit (Standard A and Standard B) based on Environmental Quality Standard
Regulations (EQSR) (2009) is still high compared to the intended quality for most
rivers (Class I and Class II NWQS). Under the climate change scenario, the dilution
factor plays a significant role in the river’s carrying capacity. The dilution factor of the
river will be significantly reduced during a dry spell or low flow event. Given the context
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of the existing permissible effluent concentrations, severe water pollution can occur in
the river.
Lack of Storage Capacity
3.1.2.1 Knowledge
i.

RSAJ had recorded an increase in water supply-demand between 40 and 50 MLD
per year. The increase in water demand was not aligned with the current state of
rainfall condition. The average monthly rainfall had a reduction of more than 60%.
During the dry weather event, RSAJ will transport water more frequently to the
affected areas. One instance of such demand was recorded during the strong El
Nino season in February-March 2015 and 2016, as well as in August 2019.

ii.

ASM (2016a) reported that the estimation of total water saving potential in 2020
from a concerted Water Demand Management (WDM) application is about 12,371
MLD. The total water savings represent 26% of the total potential water demand
in 2020. The savings allow for longer retention of storages in dams or delay the
contruction of a new dam.

iii. NAHRIM (2009) reported that based on the capacities of existing facilities (e.g.,
Klang Gates Dam, Batu Dam, Sg. Selangor Dam, Tinggi Dam and downstream
catchment between Sg. Selangor Dam and Batang Berjuntai Intake Point
(excluding the Pahang-Selangor water transfer project), a water supply deficit for
28 months out of a total of 240 months (nearly 12%) is projected to occur.

Figure 3.8 Issue of water supply deficit at Klang Gates Dam

iv. NAHRIM (2009) reported that the projected monthly water deficits range from (+)3
MCM to (+)214 MCM. The highest surplus could be as high as 2,137 MCM. The
estimation is based on the population's demands that have increased from about
5 million in 2010 to nearly 7 million in 2050. The estimates are also based on the
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assumption that per capita domestic consumption increases from 300 (2010) to
330 (2050) lpcd. However, based on the current state, the per capita domestic
consumption is about 220 lpcd.
v. NPP2 reported that per capita water availability for Peninsular Malaysia in the year
2050 is projected to decrease to about 3,000 m3/year. It is projected that Negeri
Sembilan would face water shortage by 2010, Pulau Pinang and Melaka by the
year 2020. Selangor and Perlis will be in the same category by the year 2050. On
the other hand, water-rich states in Malaysia include Perak, Johor, Pahang,
Terengganu and Kelantan (JPBD, 2010).
vi. RMK10 highlighted the need to implement water demand management measures
by reducing water losses in the reticulation system, recycling water use, and
incorporating green technologies like rainwater harvesting facilities and water
conservation features into housing.
vii. NAHRIM has conducted a series of studies on the impact of climate change on
the hydrologic regime and water resources for most of the states in Peninsular
Malaysia (NAHRIM, 2014), specifically in Kuantan and Kemaman watersheds
(NAHRIM, 2014), as well as Sabah and Sarawak (NAHRIM, 2010). These studies
highlight the condition of dry weather that would lead to the more frequent
occurrence of low flow and pose a greater risk to the water supply.
viii. NC3 reported that dry spells due to El Nino have often led to a continuous drop in
dam storage levels below the 50% warning level for a few months. With climate
change, this situation is expected to occur more frequently in the future.
ix. NC3 also reported on the occurrences of dry spells analyzed based on the
projected rainfall for 2010-2100. The most severe ones are projected to occur from
2025 through 2035 in Peninsular Malaysia, whilst over in Sabah and Sarawak,
they are expected to occur from 2045 through 2055. Dry spells with Return Periods
of more than 30 years (up to 48.4% of rainfall reduction) may occur in the Dungun
River Basin, Kemaman River Basin and Coastal Region 3 in Peninsular Malaysia.
In Sarawak, similar dry spells are projected to occur at the Upper Central Sarawak
region (Oya, Mukah, Tatau and Balingian River Basins), west of Northern Sarawak
(Similajau, Suai, Niah and Sibuti River Basins), Rajang River Basin, Saribas River
Basin, Lupar River Basin and Kemena River Basin.
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x. NC3 reported that several WTPs in Perlis, Perak, Johor, Pahang, Kedah and
Selangor had been affected by unusually long dry spells during the past five years.
A dry spell always reduces the reservoir water level, lowers the river stage and
deteriorates the raw water quality due to less dilution capacity. Under the future
scenario, it is projected that some water supply facilities located in each state of
Peninsular Malaysia would experience some degree of water shortages due to
low projected rainfall.
xi. The water supply can be severely affected by saltwater intrusion (Sg. Johor and
Sg. Muar). The raw water from Sg. Muar has been heavily abstracted for water
supply to the States of Johor, Melaka and upstream to Negeri Sembilan. There
have been reported incidences of saltwater intrusion during dry spell into the raw
water intake at Panchor, about 68 km upstream from Sg. Muar river mouth.
Besides sea level rise, the saltwater intrusion is also aggravated by raw water
abstraction from Sg. Muar increased over the years and caused the saltwater
intrusion to move further upstream during the drought when freshwater discharge
moving downstream is low (Abu Bakar and Khalil, 2017).
3.1.2.2 Management
i.

ASM (2016a) emphasizes WDM, which reduces the loss of water as it flows from
source to disposal by considering climate change impact.

ii.

Green Technology Master Plan by KeTTHA (2017) emphasizes a closed loop
water system and set up a target of 33% of wastewater to be reused by 2030 to
foresee climate change scenarios now and in the future.

iii. RMK11 articulates the need to reassess water resources management across the
entire water cycle for developing a long-term strategy for water resource
management to achieve water security.
iv. Selangor State Structure Plan proposed conducting feasibility studies of using
groundwater as an alternative water resource and utilizing surface runoff as a
water resource to appropriate activities. The Hybrid off River Augmentation
System (HORAS), an initiative by LUAS, results from the feasibility studies that
have proven to be a success when water is sufficiently supplied during the dry
season (JPBD-Selangor, 2005).
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Figure 3.9 HORAS project is potential in mitigating water deficit issues during the dry
season

v. NAWABS is one of the adaptation measures that is being implemented. Under this
program, the River Basin Water Balance System for 7 river basins, namely
Kelantan, Melaka, Muda, Kedah, Bernam, Klang and Similajau, will be developed.
The program comprises nine key areas of water, namely water accounting system,
water availability system, water demand options system, water prioritization and
demand management options, water allocation system ̧ water quality system,
water-storing and releasing during low flow and high flow, water resources index
and dry spell index, and water auditing system.
v. Goh et al. (2016) used MIKE BASIN, a map-based decision support tool, to
examine future water scarcity in Sg. Klang basin, followed by 18 GCMs (2046–
2065), downscaled projected future rainfall data. The results indicated that there
be water unavailability in most months during the 2046–2065 period.
vi. NAHRIM (2014) also used MIKE-BASIN as an essential tool for water resources
and environmental planning and management to forecast future water supply
distribution and its vulnerability under climate change. The study includes an
assessment of the Pahang-Selangor water transfer scenario for Sg. Langat and
Sg. Selangor.
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vii. NAHRIM, in collaboration with California Hydrologic Research Laboratory (CHRL),
has developed a Regional Hydro-Climate Model for Peninsular Malaysia
(RegHCM-PM) as well as for Sabah and Sarawak (RegHCM-SS).
viii. KASA Road Map for Environmental Sustainability in Malaysia 2020 – 2030 has
targeted non-revenue water (NRW) to be reduced from 35% in 2020 to 25% by
2030. However, at the moment, the National NRW target has been set back to
achieve 25% by the year 2025. Approach 2 – NRW Reduction program will
continue under the RMK12 or until the budget is fully utilized.
ix. SPAN is in charge of keeping a close watch on the water levels at 46 dams
nationwide, including Labuan. When the dam water level drops to a critical level,
SPAN will mobilize all water operators to have a joint action in managing the risk
of water crisis (Abas, 2020).
x. NAHRIM has published two water management technical guidelines on future
design rainstorm and rainwater harvesting for spatial planning and implementing
agencies (MESTECC, 2018).
3.1.2.3 Implementation
i.

SPAN and DID confirmed that Malaysia has started using alternative water
resources to adapt to the current climate change scenario. These alternative
resources are from HORAS, coastal reservoir, bunded storage, OPAC and ORS
underground dam. Based on the NC3 report, there are 57 water supply dams
bunded storages in Melaka and ORS at Sungai Labu.

ii.

Establishment of raw water transfer, also known as interstate water transfer
involving Pahang and Selangor. More interstate raw water transfer projects and
water supply system interconnections within States will be implemented to cope
with the increasing water demand and climate change (MESTECC, 2018).

iii. Implementation of rainwater harvesting practice (as in Figure 3.10) for commercial
buildings and high-cost housing developments has been made compulsory in
Johor, Kelantan, Melaka, Perak, Perlis, Pahang, Negeri Sembilan and Selangor.
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Figure 3.10 Infographic on RWH built in 2008 by NAHRIM

iv. Global Environment Centre (GEC) has conducted W.A.T.E.R Project – Water
Stewardship Agenda. Sg. Selangor is added to W.A.T.E.R Project’s list to embark
on a rehabilitation program. The aim is to reduce stress on local water resource
and ensure watershed security. Among the activities are distributing thimbles to
650 households and installing RWH system (refer to Figure 3.11) (GEC, 2015).
v. GEC and SPAN have done water-auditing program involving primary and
secondary schools, residential houses based on bills and practices (as in Figure
3.12).
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Figure 3.11 Project activities of RWH at Sungai Way by GEC

Figure 3.12 Water conservation module for W.A.T.E.R program by GEC

iv. Public awareness campaigns have been held from time to time to deal with issues
related to “water as a resource” and “water for livelihoods”. KeTTHA has held
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“Save Water” campaigns from time to time as part of its water demand
management measures. Similar efforts have also been taken by some of the state
water supply authorities. Malaysian Environmental NGOs run similar on-site
campaigns or online campaign banners, such as GEC’s “Stop the Drip—Save the
Drop”. During prolonged drought periods, water conservation campaigns are
intensified using both print and electronic media (ASM, 2016b).
3.1.2.4 Gaps
i.

Overemphasize on the supply enhancement approach in meeting water demand,
compared to demand planning with a targeted, sustainable per capita water
demand.

ii.

Lack of management framework on river basins for the adjoining states.

iii. Lack of financial incentive structure to change the primary objective of water
supply providers from selling more water towards reducing the water consumption.
iv. Lack of efficient water storage management in coping with the impact of climate
change.
v. Lack of utilization of various alternative water resources and reclaimed
wastewater.
vi. Conventional water infrastructure design. The current design based on 100 years
low flow may no longer be valid to represent the future condition.
3.1.2.5 What’s Next
Strategy 1: Improve demand management
The demand management can be improved by establishing a policy on targeted,
sustainable per capita water demand of 200 lpcd. The focused groups can be water
supply planners, operators and consultants.
Strategy 2: Develop river basins framework for the adjoining states
The framework can be developed by setting up a National River Basin agency. This
strategy can help in resolving the issue of interstate water transfer during low water
supply. The Federal Constitution of the Ninth Schedule - List 1 states that the works
and powers of the Federal include water supply and rivers, except those that are wholly
located in one state or regulated by an agreement between all the states concerned.
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This means that any rivers that adjoining States share fall under the jurisdiction of the
Federal. To date, there are a total of 17 river basins that adjoining States shares. Along
with the framework, the Federal can build larger capacity treatment plants to optimize
the process. All the adjoining States will get mutual benefits and financial profits from
the plan.
Strategy 3: Develop financial incentive structures for revenue purpose
This strategy can be implemented by awarding water supply concessions to water
supply providers based on their business plan. The business plan should clearly show
the financial incentive to work with the consumer to reduce the consumer’s per capita
water consumption. A part of the company revenue should be ploughed back to assist
the consumers in reducing their water consumption. This effort can also provide
awareness to the consumers on the importance of controlling water consumption.
Strategy 4: Increase the effectiveness of water storage management
In actual condition, the water reserve margin is high while the water storage is always
limited. Therefore, it is crucial to develop a resilient plan to increase the effectiveness
of water storage management with regards to climate change. The plan includes
developing more sustainable water storage facilities such as TAPS, underground
storage, coastal reservoir and bunded storage. As for the existing ORS, it is essential
to redesign the piping system to allow the water cycle back into the water treatment
plant. By doing this, the water losses can be reduced. Additionally, water operators
are also required to periodically perform a “stress test” on the water supply system
during a dry spell to evaluate the effectiveness of the storage in providing continuous
supply.
Strategy 5: Increase use of alternative resources and reclaimed wastewater
The introduction of RWH systems in individual houses and buildings, the use of
reclaimed wastewater, lakes/ponds, groundwater and atmospheric water should be
promoted and made known to the public as the potential resources to back up during
dry spell conditions. Proper framework and methodology have to be prepared for
critical utilization of these alternative resources.
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Strategy 6: Upgrade conventional water infrastructure and engineering design
The design of the existing intake should be reexamined to allow a certain degree of
adjustment by lowering the water intake point or regulating the flow regime. This is to
ensure that the intake can continue to draw water even during extreme low flow
condition.

IRRIGATION
Anthropogenic climate change affects not only water resources but also water
demand. Water and food security depend, among other factors, on the impact of
climate change on water demand for irrigation. Due to climate change, the variation of
rainfall and temperature did impact the irrigation water demand. Therefore, the
highlighted TWO (2) issues on irrigation are (i) insufficient irrigation and (ii)
oversupply irrigation water.
Insufficient Irrigation Water
3.2.1.1 Knowledge
i.

Malaysia uses about 75% of the available water resources for irrigation. Out of
approximately 600 thousands ha of rice cultivation areas, 50% are irrigated for
double cropping while the rest, mainly in Sabah and Sarawak, are rain-fed (Lee,
2005). Double cropping paddy is harvest from August to January (main season)
and February to July (off-season) (Che Omar, 2019).

ii.

MADA area covers more than 100,000 ha of land within the northern region of
Malaysia. MADA area is projected to face a higher temperature in the future. The
Providing Regional Climates for Impacts Studies (PRECIS) projected that the daily
mean temperature in the MADA area would rise to 34°C with an irregular pattern
of rainfall, while simulation studies using Decision Support System for Agrotechnology Transfer (DSSAT) projected that rice production would be negatively
affected (Ahmad, 2018).

iii. Malaysia has 12 granary areas (MADA, KADA, IADA Barat Laut, IADA Kerian,
IADA Seberang Perak, IADA Pulau Pinang, IADA Kemasin Semarak, IADA
Ketara, IADA Pekan, IADA Rompin, IADA Batang Lupar, IADA Kota Belud) that

P a g e | 55

Climate Change Adaptation Framework for Water Sectors

are entitled for paddy production while another 2 granary areas (IADA Samarahan
and IADA Batang Lupar) are for others crops.
iv. In 2016, Malaysia produced a total of 2.7m MT of paddy. Out of this, 74.1% was
from the granary areas. MADA produced about 38.8% of the total national paddy
production, followed by KADA at 9.1% and IADA Barat Laut Selangor (BLS) at
8.1%. The average yield is around 4.0 MT/ha, with high performing areas such as
IADA BLS, IADA Pulau Pinang, IADA Ketara and MADA having yields above 5.0
MT/ha. In contrast, IADA Pekan and Rompin are among the low yield producers,
with yields below 3.0 MT/ha (MESTECC, 2018).
v. Based on model simulations for 2030 –-2050, MADA, KADA and IADA BLS may
face significant reductions in average rice yield productions over all seasons
(Table 3.1). IADA BLS shows the most significant reduction of more than 30%
over the main season in 2030. The reduction in 2030 was higher than in 2050 over
all seasons for the three granaries. The low yield projected in 2030 is due to lower
total rainfall, solar radiation and average temperature over the cultivation period.
Table 3.1 Average rice yield in kg/ha and percentage of yield reduction for MADA,
KADA and IADA BLS in 2030 and 2050 due to the impact of climate change
(MESTECC, 2018)
Areas
MADA

KADA
IADA
BLS

Seasons
Main
Off
All
Main
Off
All
Main
Off
All

2014
(kg/ha)
5,536
5,542
5,539
4,406
4,188
4,297
6,247
6,560
6,403

kg/ha
4,570
4,971
4,771
3,844
3,641
3,743
4,186
4,671
4,428

2030
Reduction (%)
-17.4
-10.3
-13.9
-12.8
-13.1
-12.9
-33.0
-28.8
-30.8

kg/ha
4,623
5,072
4,847
4,147
3,592
3,870
4,368
4,532
4,450

2050
Reduction (%)
-16.5
-8.5
-12.5
-5.9
-14.2
-9.9
-30.1
-30.9
-30.5

vi. Risk assessment to future dry spells has only been carried out for the MADA,
KADA and IADA BLS areas. Based on the assessment, the affected areas are
increased with KADA is predicted to be the most severe area (MESTECC, 2018).
vii. Based on the NC3 report, there have been occurrences of water stress in the
MADA area due to Indian Ocean Dipole (IOD). At the end of 2019/early 2020, IOD
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had caused a reduction in MUDA dam until less than 5%. Such climatic event led
to the curtailment of irrigation supply and rice production. Studies for the periods
2025-2034 and 2041-2050 indicated that around 106 water deficit months
(average 5.5 months/year) are predicted to occur therefore affecting the granary
area.
viii. In 2012, the government listed palm oil as one of the 12 National Key Economic
Areas (NKEAs). However, palm oil tree is known to consume a high amount of
water. Upon dry and hot condition, the water table is reduced, resulting in a
reduced yield of palm oil (Hezri, 2018). Based on the NC3 report, continuous low
rainfall of less than 100 mm for more than two months will cause a reduction in the
oil palm Fresh Fruit Bunch (FFB) yield.
ix. The past El Nino events had affected Crude Palm Oil (CPO) production after a
time lapse between 8 and 22 months. Studies carried out by MPOB found that
when El Nino occurred, the CPO production in the following year declined by about
3.3% and a palm oil stock level can decline by about 2.5%. Estimation of potential
losses of FFB by oil palm estates in Peninsular Malaysia, Sabah and Sarawak
during La Nina in 2010 and 2011 were about 239,181 and 224,776 tonnes,
respectively, with estimated potential income losses of RM155.10 million and
RM168.22 million (MESTECC, 2018).
x. Concerning climate change, an increase of mean annual temperature to 31°C can
affect 273,000 ha (or 15%) of current rubber land, resulting in a crop decrease of
3% to 15%. Perlis, Kedah, Kelantan and Terengganu are likely to be most
affected. Drought conditions may also affect 208,000 ha of the present oil palm
areas, particularly in Kelantan, Terengganu, Pahang, Johor, Kedah, Perak, Negeri
Sembilan and Melaka. Additionally, paddy grain yields may decline by 9% to 10%
for each 1°C rise in temperature (JPBD, 2010).
xi. Simulation results for Peninsular Malaysia predicted increases in temperature
from 1.0 to 2.2°C and will decrease in rainfall from 120 to 600 mm by the year
2050 will delay the maturity age of rubber trees between 4 and 6 months, and the
yield would reduce by 18-20% (MESTECC, 2018).
xii. Based on the future dry spell frequency analysis, extreme dry spells with return
periods of 50 to 100 years have been projected in Kemaman, Dungun and
Kuantan river basins, affecting rubber areas of about 9,262 ha (1.2%). Severe dry
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spells with return periods of 20 to 50 years are projected to occur in the East Coast
Region (e.g., Kelantan, Terengganu, and Pahang), while moderate dry spells with
return periods of 10 to 20 years are projected to occur in major parts of the
Northern Region (e.g., Perak, Kedah) and the Southern Region (e.g., Johor),
which can affect rubber areas of 298,709 ha (38.7%) and 250,854 ha (32.5%),
respectively. Perlis, Selangor, Negeri Sembilan and Melaka may only experience
normal dry spells with return periods of 2 to 10 years and can affect rubber areas
of 213,034 ha (27.6%).
xiii. Based on the NC3 report, under dry spell conditions with annual rainfall dip to
below 1,500 mm, the cocoa production would be drastically reduced.
xiv. The optimum annual temperature for cocoa production is 25–32°C. The projected
increase of 2°C is not expected to cause any significant reduction in cocoa
production. However, observations at the Cocoa Research and Development
Centre (CRDC) at Jengka, Pahang during the March-April 2016 El Nino shows
that temperatures up to 36°C for more than 40 days caused wilting of cocoa
flowers thus, resulted in no pods in July-August 2016 (MESTECC, 2016).
3.2.1.2 Management
i.

National Agro-Food Policy (2011-2020) was adopted in 2011 to ensure national
food security. Studies on new varieties, adjusting planting season, salinity, dry
spell and submergence tolerance should increase rice yield production.

ii.

Irrigation by WDM covers the scheduling of on-farm activities to match irrigation
supply dates. The idea is that the farms are ready to receive and utilize irrigation
supply when it arrives at the farms. Otherwise, the water delivered will be wasted
into the drainage systems. Timeliness of operations is thus a critical factor in
irrigation WDM. This is not only for within- season needs but also for ensuring that
the twice-a-year planting cycle continues as planned (ASM, 2016a).

iii. On-farm water management is practiced for further water savings. This requires
leveled fields (specified as at +/- 50cm over 10×10 m area) to maintain water level
at the optimum 100 mm depth, impermeable field bunds and closed field drainage
outlets to contain water in the fields during the saturation and crop going period
(ASM, 2016a).
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iv. Through efficient demand and supply management such as water supplement
management, irrigation management has been implemented to overcome water
stress problems in the granary areas. These measures helped to improve water
resources and reduce dependency on water released from dams. This
management includes rescheduling of water released from dams, use of water
pumps, cloud seeding, and the use of telemetry water monitoring systems. As a
result, MADA increased its usage of recycled drainage water from 6% to 8%, and
KADA managed to overcome its water deficit problem, which usually occurred
during the off-season (MESTECC, 2018).
v. In Sabah, a new major rice granary area and agriculture zoning have been
undertaken based on the Sabah Second Agriculture Policy (SAP2). The policy
also addresses the needs for improved irrigation area for both main and off
seasons rice planting periods (MESTECC, 2018).
vi. MPOB and oil palm industries leverage their rich germplasm resource coupled
with the latest genome technologies to uncover potential genes or markers
associated with the trait of interest to reduce impacts from the dry spell and other
extreme climatic events (MESTECC, 2018).
vii. Good Agronomic Practices introduced by the Malaysian Rubber Board (MRB)
helps to reduce the impact of the drying period. Weeding and fertilizing should be
refrained during dry conditions. Chemical weeding should be replaced with
mechanical weeding for young rubber trees. Shelving of planting or replanting
works and using mulching should be carried out to avoid water loss.
3.2.1.3 Implementation
i.

MADA had applied agronomy dry seeding for paddy that is useful during the dry
season. These seeds require less water. In Sarawak, traditional single cropping
rice varieties such as Biris, Rotan or Bario have been planted by farmers to counter
problems such as unlevelled field, lack of irrigation, dry spells, and other soil
constraints (MESTECC, 2018).

ii.

A network of hydrological data collection transmitted via telemetry and processed
in the computerized-based DSS has supported the operations of the irrigation
systems in the granaries. Additional inputs are from on-site inspection by the
operations and maintenance team on the status of the farm activities, on-farm
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water conditions and state of the canals, drains and structures. MADA has also
started using software application to optimize water usage upon paddy specifically
to counteract water scarcity.
iii. Further water savings from dam releases and avoiding conveyance losses are
made by introducing a water reuse system at strategic locations within the granary.
The system is now widely installed in MADA granary. Introduced in 1984, MADA
now operates more than 100 installations (ASM, 2016a).
iv. MADA, through MUDA Irrigation Scheme, has implemented water recycling (as
shown in Figure 3.13). Irrigated water was collected during the harvesting period
and being reused during the plantation period. A system using electrical
submersible pumps was installed in 1984 to allow the recycling of irrigated water.
The recycling pump capacity has reached 1200 ft3 per second which was built in
24 stations.

Figure 3.13 MADA irrigation scheme with water recycling

v. MADA has used the cloud seeding approach (OPA) to increase the reservoir
volume for irrigating the rice fields in the Muda area. JMM had conducted 3 OPA
operations using hygroscopic flares between April 2016 and November 2016. For
the first OPA, several MADA dam areas (Pedu, Muda and Ahinng Dam) have been
subjected to rain for 16 days, increasing the reservoir levels. However, the
reservoir level was still below 50% due to the water release to meet the demand
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for paddy planting Season 1/2016. For the second OPA, the dam reservoirs have
been subjected to rain for 9 days. However, the rainfall rate was very low, and the
dam reservoir level was still below 50%. The third OPA operation has increased
the Pedu Dam reservoir level by 0.10%, the Muda Dam by 7.14% and the Ahning
Dam by 0.12% or equivalent to 10,120 acres (MADA, 2017).
vi. WDM in agriculture highlights agronomic research and best practices to ensure
“more crop per drop” (ASM, 2016a). For paddy, research advances by MARDI in
aerobic rice cultivation have shown encouraging results. From a water productivity
perspective, aerobic rice uses more water at 0.39 kg/m3 (using sprinklers in
combination with surface irrigation) compared to lowland rice (flood irrigation) at
0.57 kg/m3 (refer to Figure 3.14). However, aerobic rice is not yet ready for largescale applications as its yield is comparatively low at 3.15 tons/ha compared to 6tons/ha averages for lowland rice (Chan, 2012). Nonetheless, aerobic rice is an
alternative that is already available, and the MOA has launched this for
applications in highland and water-scarce areas.

Figure 3.14 Application of sprinkler and surface in paddy irrigation

vii. The identification of dry spell tolerant cocoa clones under nursery has been
completed through the laboratory analysis is still in progress. Since 2016, drip
fertigation systems have been installed in two Cocoa Research and Development
Centers with different soil and climate conditions to assess the efficiency of field
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fertigation in increasing cocoa productivity regardless of the long dry spell period.
In order to use water efficiently in the nursery during dry periods, drip irrigation has
been used.
3.2.1.4 Gaps
i.

Lack of study on low-cost and resilient crop variety and changes in the planting
schedule to adjust to the projected climate change impacts.

ii.

Conventional irrigation infrastructure. This is evident due to the difficulty in drawing
or abstractingwater for irrigation during low flow.

iii. Current irrigation systems are still using an open channeling system which is not
flexible.
iv. Lack of implementation on the water recycling system.
v. Lack of implementation of crop rotation is seen as a potential action to meet with
changes in season.
3.2.1.5 What’s Next
Strategy 1: Produce resilient crop variety
Intensification of R&D to identify the types of low-cost, resilient crops that can
withstand extreme dry weather. More research on crops (paddy, oil palm, rubber,
cocoa) breeding work must be conducted to sustain future breeds under projected
climate change conditions.
Strategy 2: Improve conventional irrigation infrastructure
An extensive study should be conducted to improve and upgrade the existing
infrastructures for paddy areas to adapt to more frequent dry weather conditions.
During extreme and prolonged dry weather, the water level will be reduced, causing
difficulty in withdrawing the water for irrigation purposes.
Strategy 3: Establish smart watering crops
During the dry season, smart watering crops can maintain irrigation efficiency, thus
ensuring crop productivity. Among the control measures is to reduce seepage along
the aqueduct. It is common to register seepage losses between 20-30%, mainly when
distances are long. This water can be saved if canals are lined with plastic sheeting or
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concrete. Overhead sprinkler systems can also be used. Low-pressure sprinklers,
which release water at a lower level, close to the soil surface, will encourage farmers
to use water more efficiently. The gold standard for efficiency is drip irrigation, a
method which supplies water directly to the root zone of plants. Drip irrigation also
raises yields because it offers a constant and more precise control of water. A pipe
system can also be used. Although the initial installation cost is expensive, it is
economical over the long term by allowing intermittent irrigation to be practiced.
Strategy 4: Implement a water recycling system
Each plantation area should have a storage and a complete system to collect the
excess water during rainfall season. As for the paddy area, the irrigated water can be
collected during the harvesting season. The collected irrigated water will contain
fertilizer and pesticide, which is beneficial for the next batch of paddy to be irrigated
during planting season. At this point, the fertilization for this next batch of paddy can
also be reduced. In addition, irrigation water, especially during the dry period, can also
rely on other alternative sources such as reclaimed wastewater.
Strategy 5: Implement crop rotation
Crop rotation is a practice that allows farmers to take advantage of the wet and dry
seasons. More R&D should be carried out to identify types of species that can
withstand wet and dry seasons. Hence, during the wet season, specific species can
be planted, while during the dry season, other species that resist the season can be
planted. The season will not be wasted without yield, and crop rotation practice could
improve soil fertility.
Oversupply Irrigation Water
3.2.2.1 Knowledge
i.

Based on the NC2 report, when rain exceeds a threshold limit, the excess water
must be released to protect the dam structure. Unfortunately, this operation cause
flood and damage/loss on the crops in the downstream area.

ii.

The NC2 report highlighted that rain-fed crop is vulnerable to climate change. A
15% increase in rainfall in the early growth stage could reduce the yield by 80%
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for paddy. Other commercial crops such as oil palm, rubber and cocoa will also be
affected. As for rubber, extreme rainfall reduces the number of tapping days.
iii. ASM (2017) reported that flood event in the MADA Granary area would be
increased.
iv. The present design for paddy irrigation is based on 5-year ARI and drainage at
20-year ARI with allowances for flood retention in the fields from 24 to 48 hours
and with canal, drain and farm road density of 30 m/ha. For other commercial
crops, the ARI applied is 20 years event with allowances for 7-day on-farm flood
retention with infrastructure densities ranging from 9 to 19 m/ha (Abdullah, 2015).
v. The MADA Granary area situated in the low-lying coastal plains is also vulnerable
to sea-level rise or seawater intrusion, especially during the South-west Monsoon.
Historically, only one saltwater intrusion event occurred due to the breach of bunds
reported by MADA in 1983, which affected 63 ha.
vi. Risk assessment to future floods for 10 granaries has only been carried out for
MADA, KADA and IADA BLS area (as in Table 3.2). The study indicated that the
KADA area is the most prone to flooding, followed by MADA and IADA BLS areas.
Table 3.2 Rice cultivation areas affected by floods (current and future) (MESTECC,
2018)

Areas
MADA
KADA
IADA
BLS

Total Parcel
Area in 2014
(ha)
96,558
29,450
19,021

Current
Area
(%)
(ha)
8,734
9.1
7,131
24.2
244
1.3

Affected Area
2030
Area (ha)
(%)
9,358
7,750
244

9.7
26.3
1.3

2050
Area
(%)
(ha)
9,755
10.1
6,159
20.9
252
1.3

vii. During the flood event in June 2016, high tide prevented inland floods from flowing
out to the sea, resulting in a 2-day inundation of the granary area. A study on the
Kedah River estuary covering 48 km2 indicated that about 26 km2 of rice areas
might be inundated by seawater by 2100.
viii. On a case-by-case basis, cash compensation from the Government is available
for relief and recovery from severe incidences leading to income losses such as
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crop diseases and floods. For example, in the past, farmers in the MADA Granary
area were compensated for crop damages due to floods.
ix. Based on the NC3 report, vulnerability and impact assessments have been carried
out on the oil palm cultivation areas within the 15 flood-prone basins in Peninsular
Malaysia. The assessment estimated that the oil palm cultivation areas prone to
flood would increase from about 68,531 ha to 126,597 ha (+85%) and 384,275 ha
(+460%) in 2030 and 2050, respectively. Significant increases in the flood-prone
areas are expected in Batu Pahat Basin, Johor Basin, Selangor Basin, Muda
Basin, Dungun Basin and Kelantan Basin.
x. Prolonged rainfall leading to floods can cause physical injuries and diseases to
the rubber trees.
xi. According to Malaysia Cocoa Board, an annual rainfall exceeding 2,500 mm will
reduce yields due to higher fungus incidence.
xii. A study on cocoa trees response under flooding condition showed that flooding
could decrease the net photosynthesis, stomatal conductance and transpiration of
either susceptible or tolerant cocoa genotypes. An assessment of the vulnerability
of cocoa trees in plantations flooded during December 2014 in Kuala Lipis,
Pahang, shows that the mortality rate of cocoa trees ranged from 17% to 50%.
The yield production decreased due to black pod disease caused by the
Phytophthora palmivora fungi that spread faster during flooding though the spread
is severe on fertile soil.
3.2.2.2 Management
i.

DID, BPSP and MAFI have emphasized the closer supervision of irrigation
services and a sound data collection system. This is in line with the primary
function to provide irrigation and drainage services to sustain double-cropping
paddy cultivation in the MADA area. To achieve the goal, one of the actions taken
is to plan, settle (with the farmer) and implement the paddy planting schedule
before the start of a season (First Season – February/March; Second Season –
July/August) every year. With the paddy-planting schedule, water can be provided
efficiently and regularly according to the paddy cultivation and paddy growth
stages (MADA, 2017).

P a g e | 65

Climate Change Adaptation Framework for Water Sectors

ii.

The IPCC Technical Paper on Water and Climate Change (IPCC-WCC)
highlighted the need for agricultural practices to increase the productivity of
irrigation water use. It provides significant adaptation potential for all land
production systems under future climate change (Bates (2008).

iii. In Agriculture Water Services for Agribusiness report under its Key Action Area
(KAA), a financing model has been planned for the selected agricultural area is
designed to store floodwaters as part of the flood management system. This could
reduce the need for heavy investments in flood management infrastructure to
protect urban and rural settlements. The case of cash compensation by the
Government for flood-damaged crops in the MADA Granary could be a model for
developing this approach in flood management. The compensation could perhaps
be developed to arrange a fixed land rental of the flood susceptible paddy lands
(ASM, 2017).
iv. The National IWRM Strategy Plan, in its planning, has dedicated IMS for
agriculture water supply services. The purpose of this planning is to include realtime information during a prolonged drought or flood, aimed at mitigating
detrimental impacts on crops (can also act as an early warning system). The plan
comes together with SOPs to address emergencies, including floods. For
example, if the flood level is exceeded, the excess water will be released from the
barrage. KeTTHA, MOA, NRE and MOH are the agencies that had jointly
developed the SOPs for nationwide application (ASM, 2016b).
v. ASM (2017) highlighted the water savings which can prevent wastages. Its water
productivity is about 0.27 kg rice/m3 of water in the MADA granary area for an
average yield of 5 tons/ha. This means that it requires 3.7 m3 of water (rainwater
and irrigation) to produce 1 kg of rice. Under extreme rainfall condition, oversupply
will occur. This excess water can be stored and to be used during the drought
season. It is estimated that the total potential water savings in 2020 from the
agricultural sector, specifically reducing the water use at the eight matured
granaries, is about 2,405 MLD (ASM, 2016a).
vi. An improved technique to allow tapping and collection of latex during the rainy
season is in the pipeline. The Low Intensity Tapping Systems (LITS) with stimulant
use have been developed and should minimize the limitation of low tapping days
during the rainy season.
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3.2.2.3 Implementation
i.

Agriculture Water Services for Agribusiness has addressed few strategies,
including development planning and design criteria for non-paddy crops, livestock,
and aquaculture to increase yields, stabilize production, more flood resilience, and
sustainable development. This planned implementation is part of risk
management in commercial farming concerning climate change (ASM, 2017).

ii.

At present, there are 11 dams for paddy irrigation with a total storage of 1,997
MCM (2% of total reservoir storages). Another eight dams, all for paddy, are
planned in the future. Paya Peda Dam in Northern Terengganu (KETARA), which
has started its operation in 2016, has potential increased storage of 564 MCM.
There are no effective reservoir nor specific water resources facilities for IADA
Barat Laut Selangor, IADA Seberang Perak and KADA Granary areas (ASM,
2017).

iii. Rainwater harvesting is commonly implemented in agricultural areas. In fact,
irrigation for paddy is a form of rainwater harvesting, with more than 50% of the
water source come from effective rainfall. Two possibilities of developing rainwater
harvesting to strengthen rain-fed agriculture and tree crops, especially (higher
resilience to flooding) are reintroducing the controlled drainage systems and the
inundation systems developed in the early days of paddy irrigation (ASM, 2016a).
iv. The inundation system is a paddy irrigation technique installed primarily on small
farms by numerous “finger” valleys in Temerloh and its surrounding region. The
inundation system consists of a long but low bund which is constructed across a
relatively flat valley. The bund function is to dam up the surface runoff and retained
it for as long as possible. A structure is constructed along the bund to allow for
controlled releases of the retained water. Today, many controlled drainage and
inundation schemes have been converted to oil palm, and the systems could
perhaps be reactivated. Similar systems could be developed in other tree crop
areas.
v. Flood mitigation projects to protect MADA granary areas have successfully
prevented the re-occurrence of saltwater intrusion. The flood mitigation projects
along Sungai Golok and the Sungai Kelantan Integrated River Basin Development
Project helped protect the KADA granary areas (as shown in Figure 3.15).
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Figure 3.15 Sg. Golok Integrated River Basin Development Project

vi. In Sarawak, traditional single cropping rice varieties have been planted by farmers
to counter problems such as unlevelled field and floods. However, these varieties
often lack yield and do not respond well to fertilizer application. Improvement
measures have been taken by introducing newly developed rice varieties such as
Saratani ARC 2, enabling double-cropping practices.
3.2.2.4 Gaps
i.

Lack of fund with regards to the vulnerable crops in coping with the impact of
climate change.

ii.

Lack of R&D on identifying and researching the possible flood-resistant crop
varieties along with the resilient irrigation infrastructure.

iii. There is a need to improve crop-modeling projections with better and more current
local data on the projected magnitude of climate change, together with various
crop parameters and soil properties.
iv. Lack of collection and storage of excess water during extreme wet seasons.
3.2.2.5 What’s Next
Strategy 1: Utilization of Green Climate Fund
Green Climate Fund (GCF) is the largest dedicated fund that helps developing
countries enhance the ability to respond to climate change. GCF’s activities are
aligned with the priorities of developing countries through the principle of country
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ownership, and the Fund has established a direct access modality so that national and
sub-national organizations can receive funding directly. The Fund pays particular
attention to the needs of societies that are highly vulnerable to the effects of climate
change. GCF can offer and combines a full range of financing instruments, including
loans, equity, guarantees and grants to design bespoke solutions that tackle specific
investment barriers. With these funds, respective agencies in Malaysia can expedite
extensive research and technological innovations towards mitigating the issue of
vulnerable crops regarding climate change.
Strategy 2: Improvement in crop varieties and infrastructures
Extensive R&D should be enhanced to identify flood-resistant crop varieties. At the
same time, the agricultural drainage system should be designed to efficiently regulate
water tables and remove floodwaters from agricultural land as quickly as possible.
Barrage should be improvised by considering current rainfall patterns with optimized
openings.
Strategy 3: Improvement of crop-modeling projections
Targeted projection model developments should comprise experimental data
concerning (i) role of extreme climatic events, (ii) interactions between abiotic factors
and elevated CO2, (iii) genetic variability in plant CO2 and temperature responses, (iv)
interactions with biotic factors, and (v) effects on harvest quality. It is envisioned that
future crop-modelling studies will corporately risk assessment approach by combining
an ensemble of greenhouse gas emission scenarios, regional climate models and crop
and models, and an ensemble of adaptation options concerning both management
practices and crops’ species/varieties. The enhanced crop-modeling projection should
be evaluated for reliability purposes.
Strategy 4: Installation of collection and storage system
A proper collection and storage system should be imposed at all agricultural areas to
make full use of extreme rainfall event. The excess water shall be collected and stored
to be used in the later dry season during this event.
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HYDROPOWER
The water sector involves hydropower is one of the most affected industries following
the occurrence of climate change. Therefore, ONE (1) major issue highlighted related
to hydropower is the variation of water runoffs.
Variation of Water Runoffs
3.3.1.1 Knowledge
i.

There are 13 major hydropower dams in Malaysia with a total storage capacity of
more than 79,000 MCM (95% of total reservoir storages) of good quality
freshwater (Mohd Nor, 2014).

ii.

To meet increasing energy demands and using renewable energy, more
hydropower dams are planned. There are 18 hydropower potential in Malaysia,
estimated at 29,000-MW, with 85% located in East Malaysia (ASM, 2016a).

iii. Based on the National Energy Balance (2015), the nation’s dependency on
hydropower has increased to 4% of the energy supply share compared to 2% in
2005.
iv. The contribution of large hydropower plants to the total electricity generation has
increased from 5% (5,408.8 GWh) in 2010 to 9% (13,937.6 GWh) in 2015. Of
these, 9,864.5 GWh were from large hydropower plants commissioned from 2005
onwards. By 2020, 15% of the total electricity generation will come from large
hydropower (11th Malaysia Plan).
v. Variability of runoff plays a crucial role in the operation of hydropower schemes.
When runoff is high, more focus should be on the spillway and water discharge
downstream. Failure to manage can cause a major flood to the downstream area.
Meanwhile, when the runoff is low, insufficient energy generation can occur with
extreme dry weather conditions. Both conditions ultimately affect the operation
efficiency.
vi. Projections of available unregulated flows are declining, with five States in the
Peninsular already in deficit. These availability estimates are based on quantity
and declining water quality (ASM, 2016a).
vii. Currently, there is no significant impact of a dry spell on electricity generation in
Malaysia. However, future dry spell assessments indicate that four hydropower
plants in Peninsular Malaysia and one in Sabah may be affected. Among these
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plants, Kenyir in Terengganu and Pergau in Kelantan show the highest possibility
of limiting water resources to operate (MESTECC, 2018).
viii. According to Hussain et al. (2017), the duration of the Batang Ai hydropower
scheme to have enough flow to generate power will improve under both future
climate scenarios. Batang Ai will be operated in the upper band of the operating
range closer to the full supply level in future. At the same time, the reduction in the
high flow as modelled under future scenarios will reduce the risk of downstream
flooding.
3.3.1.2 Management
i.

Malaysia Dam Safety Management Guidelines (MyDAMS) is an important source
of information and provide guidance about the latest dam safety best management
practices (BMPs) to interested parties. MyDAMS is quite extensive in its entirety
to cover the whole life cycle of dams (DID, 2017b).

ii.

Flying Squad is established with cooperation by many agencies involving all dam
operators to check the integrity of the dam structure. Soon, this task will be
handled by National Dam Technical Centre.

iii. Emergency preparedness and action plan (EAP) have been established and in
place for dams. The EAP incorporates the following measures:
 Efficient arrangement necessary at dam site, local, state, national and as
concurred between neighboring countries.
 Advance arrangements of the crisis management action (e.g., identification of
emergencies, adopted EAPs, communication plans, and remedial actions).
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Figure 3.16 Overview of EAP

iv. Sediment management strategies for hydropower reservoirs are conducted to
monitor the sediment loading. This management requires information on sediment
inflow rate based on soil loss model calculated in GIS, bathymetry survey and
sediment sampling works. Razad et al. (2020) estimated the sedimentation rate at
three hydropower reservoirs - Ringlet (Cameron Highlands), Chenderoh (Perak)
and Kenyir (Terengganu). The highest sedimentation rate occurred at the Ringlet
reservoir (as shown in Figure 3.17), while Kenyir and Chenderoh generally fall
under low risk.
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Figure 3.17 Severity of Ringlet reservoir

v. Bathymetric survey is conducted once in five years to check and monitor the
current profile of the dams in terms of sedimentation, the volume of water and
others. This survey's analysis and findings allow justification whether the dam is
at good performance with adequate safety or requires specific mitigation.
3.3.1.3 Implementation
i.

Development of systems water management including Flood and Drought
Forecasting System (ASM, 2016a).

ii.

Optimization of cascaded operation for Murum hydropower and Bakun
hydropower under potential climate change is projected to result in firm power
dispatch from both plants. Based on the projection, the Murum hydropower and
Bakun hydropower would expect a higher increase in hydropower production
under RCP8.5 than RCP4.5. The Murum hydropower and Bakun hydropower are
expected to have 12% and 7% increases in future hydro energy production,
respectively, under RCP8.5.

iii. Probable Maximum Flood is used to determine the adequacy of the dam structure.
Razali et al. (2020) revised the inflow design flood values for Sungai Perak
Hydropower Scheme using Probable Maximum Flood estimation. The revised
inflow design flood values for the four dams are 17,259.2 m3/s at Temengor Dam,
5,436 m3/s at Bersia Dam, 13,523 m3/s at Kenering Dam and 13,025 m3/s at
Chenderoh Dam. The inflow design flood values are higher by 2–30% for all the
four dams in the scheme, and these dams are also found to be inadequate in terms
of spillway capacities, with the percentage of 5-11% higher than the designed
capacities.
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iv. Soil loss erosion forecasting using the Revised Universal Soil Loss Equation
(RUSLE) and Geographic Information System (GIS) can forecast the source of
soil erosion from upstream and sedimentation rate. This projection is important to
determine the effectiveness of the dam based on the influx of sediment loading,
especially during extreme rainfall events (Ishak et al., 2020).
v. Integrated catchment model (ICM) approach is used to simulate the climate
change impacts on the reservoir storage. This model is developed by incorporating
land use pattern, hydrology, dam characteristics and operations as the input
parameters (Sharip, Hassan and Noh, 2020).
3.3.1.4 Gaps
i.

Need to improve SOP and EAP following the current climate change scenarios.

ii.

Lack of R&D on reservoir surface evaporation. Evaporation is the primary source
of “loss” or the “consumptive” aspect of hydropower dam storage. Technologies
for evaporation loss management are already available and applied in some
countries. In Malaysia, it appears that their applications have yet to be
economically justified.

iii. To date, studies on the dam are only conducted on the known critical dam.
iv. Lack of improvement for water quality in hydropower dam.
v. Lack of improvement in hydropower infrastructures following the current climate
change scenarios.
3.3.1.5 What’s Next
Strategy 1: Improvement of SOP and EAP
An enhanced SOP for regulating water discharge is necessary, based on two
considerations - timing and technical justifications. Timing is important since
calculations and forecasts for water control, including water arrival time estimation to
each dam and local residents, water discharges for every unit and spill gates, are
made based on the cascading concept. Thus, it is suggested that the relevant
agencies (TNB, SESB, and others) are informed early, guided by technical
justifications of the flow rate needed, for cases of demands from other sectors such as
releasing water downstream for local activities during draught season or restricting
discharge during high downstream river level. This is to ensure that enough time is
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provided to reschedule loading for hydropower generation. For example, during
drought season, hydropower units will operate on minimum loading while the gate(s)
at Chenderoh dam is opened to allow water to be discharged downstream.
Strategy 2: Control of reservoir surface evaporation
This strategy is crucial because evaporation contributes to the major loss of
hydropower dam storage. Based on an estimate of total potential evaporation at 1.25
MCM/km2/year or 3.42 MLD/km2, the total losses from hydropower dam surfaces has
been about 2,000 MCM/year (ASM, 2016a). Hence, considering the variability of
runoffs, controlling the loss can help hydropower dam maintain operational efficiency.
Thus, extensive R&D should be conducted to identify feasible technologies in
managing the evaporation loss.
Strategy 3: Conduct vulnerability studies
Vulnerability studies need to be carried out to investigate the impacts of climate
change on existing hydropower. These studies shall not be limited to the critical dams
but also all hydropower dams in Malaysia. The vulnerability studies shall consider the
current fluctuation of rainfall patterns that affect the runoff regime. For instance,
preliminary long-term model projection studies indicated that the dry spells might not
affect the operations of the hydropower plants in Sarawak due to their larger reservoir
capacities. However, in-depth studies are necessary as the recent projection
suggested that Sarawak may experience a severe dry spell in the future (MESTECC,
2018).
Strategy 4: Sustainable Management of Dams
The reservoir water quality can be improved via full implementation of sustainable dam
management. One possible rehabilitation technique is to construct floating wetlands
that provide a medium for vegetation to absorb excess nutrients, filtrate the sediments
as well as suspended solids. Asmaliza and Mohd Sidek (2020) found that floating
wetlands resulted in significant removals of BOD, COD, TSS, total nitrogen, total
phosphorus, magnesium and iron by 91.3%, 36.36%, 97.62%, 70.28%, 62.96%,
45.3% and 96.65%, respectively.

P a g e | 75

Climate Change Adaptation Framework for Water Sectors

Strategy 5: Improvement in hydropower infrastructures
The improvement can involve two aspects; (1) increase the capacity of the hydropower
dam and (2) install additional infrastructure such as ponds to cater for the water
discharge when it is released during overflow. The collected water can then be reused
during dry spell event.

FISHERIES AND BIODIVERSITY
Climate change is expected to have negative impacts on water productivity. Shaffril
(2017) confirmed that climate change impacts had reduced the number of fishing days.
The impacts include freshwater and marine fisheries, aquaculture activities, and the
possibility of experiencing biodiversity loss. Therefore, the highlighted TWO (2) main
issues on fisheries are (i) low fisheries productivity and (ii) biodiversity loss.
Low Fisheries Productivity
3.4.1.1 Knowledge
i.

Production of marine fish from Malaysian waters was 1,482,899 Immaculata with
an estimated value of RM8.336 billion in 2013. In 2014, the production decreased
by 1.67% to 1,458,128 Immaculata (DOF, 2017). Fisheries Research Institute
(FRI) reported that fish density has declined for each fishing zone, and climate
change is among the contributing factors.

ii.

Increase in SST and acidity may alter the distribution and composition of marine
ecosystems, affecting the fisheries resources. Under the 11th Malaysia Plan (20162020), coastal vulnerability assessment is further expanded to include the
component of SST. NAHRIM, in collaboration with UKM, seeks to update the
Malaysia SST projections with an adaptation of the current climate change
scenario.

iii. For marine fishes, productivity relies very much on the rainfall pattern. During
rainfall seasons, the fish catch significantly reduced due to the inhibition of the
fishermen to go fishing.
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iv. For freshwater fishes, the catch relies on rainfall patterns and low flow during the
dry season. For example, a massive fish kill was reported at Kuala Gula due to
saltwater intrusion during low flow.
v. Malaysia has identified aquaculture as an alternative source of fish production. In
2015, the aquaculture industry had contributed about RM3.3bil to the economy.
Of these, about 112 thousand tonnes (RM789mil) were from freshwater
aquaculture, 134 thousand tonnes (RM2.4bil) from brackish water, and 260
thousand tonnes (RM130mil) from seaweed. The freshwater culture systems
consist of ponds, ex-mining pools, cages, cement tanks, canvas tanks and pen
cultures, while the brackish water culture consists of cages and ponds. The marine
species are cultured in the sea cages culture and, molluscs and seaweed cultures
are conducted in the sea. The freshwater culture consists of freshwater catfish
(keli), red tilapia and river catfish (patin), and the marine species are mainly white
shrimp, seabass and cockles (MESTECC, 2018).
vi. Based on Agrofood Statistics (2015), aquaculture production has increased from
about 207 thousand tonnes in 2005 to 506 thousand tonnes in 2015 (Table 3.3).
Additional recent data from 2016 until 2019 from DOF also indicated that the
aquaculture production remained high for freshwater and brackish water.
Nevertheless, the current production was not as high as recorded in 2010 – 2015.
Table 3.3: Aquaculture production at brackish and coastal areas (‘000tonnes)
Year
1990
1995
2000
2005
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
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Freshwater
10
18
51
62
155
122
164
133
107
112
103
103
101
105

Brackish water
42
114
117
145
426
404
471
397
414
394
304
324
290
307

Total
52
132
168
207
581
526
635
630
521
506
407
427
391
412
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vii. Aquaculture is heavily dependent on the availability of an adequate and clean
water supply. Disease outbreaks have been observed due to the deterioration of
water quality. Water use in aquaculture can range from less than 3,000 liters/kg to
more than 45,000 liters/kg of fish production, depending on the type of aquaculture
practices (Costa-Pierce, 2012). The freshwater fish culture and recycling
aquaculture system uses about 11,500 liters/kg of product and 63,000 liters/kg of
product, respectively (Verdegem, 2006). In Malaysia, aquaculture production is
expected to reach 1.76 million metric tons by 2020. With the high target, water
supply for the aquaculture industry in the country needs to be ascertained.
viii. For brackish water cage aquaculture, climate change has caused significant loss
in culture production. Rising temperature can lead to algae bloom due to oxygen
depletion, and this will intoxicate the water. Aquaculture activities in northern
Peninsular Malaysia and coastal areas of Sarawak and Sabah had been affected
in the past by this phenomenon (MESTECC, 2018).
ix. Aquaculture activity is prone to the risk of flipped aquaculture cages during high
flow / wet monsoon season and water pollution, which can lead to the death of
fishes due to pollutants’ accumulation. FRI has records on the incident of flipped
aquaculture cages. In January 2018, flipped aquaculture cages were reported in
Temerloh following a large flood, resulting in losses of more than RM30 thousand
(Star, 2018). In August 2019, the aquaculture industry in Perak nearly paralysed
due to plankton and algae. This situation was aggravated by a low flow event that
concentrates the algae and delays the recovery phase. As a result, 24 aquaculture
farmers suffered losses of about RM20 million.
3.4.1.2 Management
i.

Based on the sea surface temperature (SST) analysis using satellite data from the
Pathfinder program, FRI suggested that the average surface temperature of the
seas surrounding Malaysia has increased significantly in 29 years (from 1985 to
2014). The rise in SST may change the habitat preference of many fish species,
including mackerel. As a consequence of higher SST projected under the IPCC
SRES A1B scenario, the mackerel population in the South China Sea region will
significantly decrease by 2050 (MESTECC, 2018).
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ii.

The Code of Conduct for Responsible Fisheries established by DOF sets out
principles and international standards of behavior for responsible practices to
ensure the effective conservation, management and development of living aquatic
resources with respect to the ecosystem and biodiversity. The Code recognizes
the nutritional, economic, social, environmental and cultural importance of
fisheries and the interests of all those concerned with the fishery sector. The Code
considers the biological characteristics of the resources and their environment and
the interests of consumers and other users (DOF, 2015).

iii. The Ecosystem Approach to Fisheries Management (EAFM) has been now
implemented. EAFM management regimes represent a holistic approach that
addresses more serious issues currently faced by Malaysian fisheries, including
climate change.
iv. Schedule for harvesting and marine fishing is already considering monsoon and
weather conditions. The fishermen and aquaculture farmers operators refer to the
schedule for the fishing activity.
v. The aquaculture sector was emphasized in the Third National Agriculture Policy
(1998-2008) and in the National Agro-Food Policy (2011-2020) as a major area of
concentration to enhance the competitiveness of the agriculture sector in Malaysia
(DOF, 2016).
vi. Strategic Action Plan Framework in WDM has included the development of water
accounting and water auditing to measure the quality and quantity of water (ASM,
2016a). The rationale for using water accounting and auditing is that it provides a
solid framework for the systematic acquisition, quality control, and water-related
information and evidence analysis.
vii. In 2015, a two-year course was conducted by research institutions of the fisheries
sub-sector. This course covers the areas of fish capture technologies, marine
aquaculture, fish culture and marine engineering.
3.4.1.3 Implementation
i.

Fishing Site Identification System is currently being adapted to provide information
on fishing ground location based on satellite imageries (SST and chlorophyll). The
system helps fishermen locate potential fishing ground within a short time, thus
reducing fuel costs while increasing the fish catch (MESTECC, 2018).
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ii.

The Artificial Reef (AR) program was implemented to enhance fisheries resources.
The Fisheries Development Authority Malaysia (LKIM) and DOF have deployed
artificial reefs (ARs) in various coastal waters. Various types, sizes and designs of
objects have been installed on the seabed (Islam, 2017).

iii. The Aquaculture Industry Zone (ZIA) program is a program for zoning land and
coastal areas identified as suitable for developing commercial-scale aquaculture
projects. The purpose is to increase fish, prawn and shellfish production, as stated
in the Third National Agriculture Policy (DPN3). ZIA program provides a backup
plan for climate change scenario in the future, which otherwise can lead to further
decline of marine fishes production (DOF, 2016).
iv. Aquaculture is seen as an opportunity to improve water productivity in areas with
water scarcity. Integrated Multi-trophic Aquaculture (IMTA) is urban aquaculture
that involves recycled water from catfish farming to cultivate other selected
species (Figure 3.18). These measures are highly recommended, especially when
space availability is limited.

Figure 3.18 Schematic application of IMTA
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v. FRI reported that, at present, the fishermen or aquaculture farmers are
implementing a controlled or reduced stocking density strategy. Stocking density
is known as per-unit stocking amount or stocking rate, which refers to the number
of fingerlings per unit water area (M’balaka, 2012). This implementation helps to
maintain the survivability of the fishes during low flow condition. Such
implementation has been carried out during the incident at Semarak lagoon, where
lots of fishes died due to low flow.
3.4.1.4 Gaps
i.

Lack of resilient adaptation in fisheries security towards climate change.

ii.

The exploitation of natural fish populations precludes the kind of management
adaptations to climate change. Adaptation options thus center on altering catch
size and effort. The scope for autonomous adaptation is increasingly restricted as
new regulations governing the exploitation of fisheries and marine ecosystems
come into force.

iii. Lack of SOP and ERP for the fishermen and aquaculture farmers operators during
flood and drought events.
iv. Lack of knowledge on the influence of extreme condition among fishermen.
3.4.1.5 What’s Next
Strategy 1: Adoption of resilient adaptations
Possible adaptation options of the fisheries towards the projected impacts shall be
provided. The priority research areas shall include Integrated Multi-Trophic
Aquaculture (IMTA), climate hardy aquaculture species, prey-fish substitutes,
biosecurity of aquaculture species, low food chain species farming, and new
approaches for sea farming.
Strategy 2: Enhancement of ecosystem-based fisheries management
An ecosystem-based fisheries management should be enhanced. A holistic approach
should include controlling overfishing and building resilience of critical marine habitats
through prevention of habitat loss, habitat rehabilitation, enforcement of regulations
and the establishment of additional Marine Protected Areas (MPAs).
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Strategy 3: Enhancement of SOP and ERP
The current SOP and ERP need to be enhanced by considering current and projected
climate change scenarios. The approach should be holistic to ensure that other
stressors such as overfishing and pollution do not further aggravate the fisheries
productivity issues on top of the climate change vulnerabilities.
Strategy 4: Enhancement of fishermen knowledge management
Agencies such as DOF, LKIM and PNK (via their extension officers) and local leaders
should keep the fishermen community updated by disseminating information regarding
climate change. Researchers and students from higher educational institutions can
also proactively disseminate climate change information to small-scale fishermen.
Biodiversity Loss
3.4.2.1 Knowledge
i.

Malaysia’s Exclusive Economic Zone (EEZ) is situated within the Coral Triangle
area. This area is known to have the most incredible diversity of marine life in the
world within its coral reefs, mangrove forests, mud flats, sea grass areas and
sandy beaches (WWF, 2015).

ii.

Coral reefs diversity is highest in Sabah and Sarawak, estimated to have over 550
species, while Peninsular Malaysia has over 480 species (NRE, 2016).

iii. Incidences of mass coral reef bleaching over recent years is a significant threat
that is difficult to manage and could have devastating effects on the fish population
and marine biodiversity (NRE, 2016).
iv. The annual Reef Check Surveys for the last nine years (Figure 3.19) show that
Malaysia coral reefs are at the upper level of “Fair” (26% - 50%) out of the four
Coral Reef Health categories of coral health. However, the survey also indicates
that there are pockets of coral reefs in Malaysian waters that are under stress due
to a multitude of reasons. The surveys found occurrences of coral bleaching in
2010, 2014 and 2015. In 2016, coral bleaching occurred again, with bleaching
reaching 40-60%. The recurrences of these coral bleaching events were due to
sea water temperature rise, which coincided with the extreme dry conditions.
v. In 2019, Malaysian reefs are considered to be in “fair” condition, with an average
live coral cover (Hard Coral + Soft Coral – as in Figure 3.20) of 40.63%, which
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decreased from 42.42% in 2018. The reduction in Life Coral Cover (LCC) is a
continuation of a trend that started in 2015. Two factors may have contributed to
this decline:
 Tropical Storm Pabuk hit reefs in Terengganu in January and caused
extensive damage, particularly to shallow reefs, resulting in a reduction in LCC
of up to 30% in some sites.
 Fewer sites were surveyed in Sabah in 2019 than in 2018, and this may have
caused a reduction in average LCC for reefs in Sabah.

Figure 3.19 Annual coral reef health of Malaysia (MESTECC, 2018)

Figure 3.20 Status of coral reef health of Malaysia in 2019
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vi. Sea grass beds are critical for the survival of the endangered dugong and sea
turtles. Studies have shown that about 100 fish species and 20 prawn species in
Malaysia are dependent on sea grass beds for nursing, feeding and breeding
(Saw, 2010).
vii. Sea level rise, extreme weather events, coastal erosion, and the potential for
increased freshwater demand could all increase the risks of saltwater intrusion.
Coastal aquaculture activities are vulnerable to salt-water intrusion. Since coastal
wetlands and mangrove areas are habitats for juveniles, changes in the water
salinity may affect their population and sex ratio (ASM, 2014). Sea level rise could
also destroy the fish breeding grounds.
viii. FRI reported that many biotas had been significantly affected by the temperature,
e.g., jellyfish are abundant at a warm temperature. Turtle can be mutated from
female to male at a warm temperature. Long exposure of these biotas at high
temperature may lead to extinction.
ix. Based on the NC3 report, Malaysia hosts four species of marine turtles, namely
the leatherback, green, hawksbill and olive ridley, and is recognized as one of the
vital nesting rookeries of marine turtles in the world. However, no nesting by
leatherbacks has been observed since 2011.
x. The mangrove forest may be susceptible to sea level rise and salt-water intrusion.
Current monitoring, however, has not shown any impacts of sea level rise on the
mangrove. The mangrove forest faces a more significant threat from habitat loss
rather than climate change, which affecting the mangrove functions such as the
nursery for fisheries, water filtration, carbon sequestration and others. A study
conducted in the Sandakan area found that sea level rise could also contribute to
habitat loss. It is projected that sea level rise could claim about half of the current
mangrove area in Sandakan by 2060.
3.4.2.2 Management
i.

The National Policy on Biological Diversity (2016-2025) has been revised to
emphasize sustainable utilization of biodiversity in the country and safeguarding
the ecosystems. The policy provides direction and framework to conserve
biodiversity and use it sustainably in increasingly complex challenges, including
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climate change. It also forms part of Malaysia’s response to the Convention on
Biological Diversity’s Strategic Plan for Biodiversity 2011-2020 (NRE, 2016).
ii.

Two monitoring programs, namely the Reefs Check Survey, has been carried
annually since 2007, while Coral Reefs Bleaching Survey was carried out in 2010,
2011, 2015 and 2016. The Reef Check Survey provides Live Coral Cover (LCC)
status. At the same time, the Bleaching Survey gives the percentage of coral
bleaching due to a prolonged increase of sea water temperature above the normal
temperature of 27°C.

iii. Coral Triangle Initiative on Coral Reefs, Fisheries and Food Security (CTI-CFF) is
an initiative anchored by MOSTI. Implementation of the national action plan is
through collaborative efforts with government agencies, universities and NGOs.
This initiative helps maintain the biological diversity and the ecosystem services
provided by marine and coastal resources and support diversification strategies
that build coastal communities resilience to climate change.
iv. Universiti Malaysia Terengganu and the Fisheries Research Institute (FRI) Rantau
Abang have studied marine turtles. The study focuses on the impacts of surface
temperature on the nesting beaches, its effects on the sex-ratio of hatcheryproduced hatchlings, nesting success of female green turtles and hatching
success of hatchery-incubated nests.
v. The National Mangrove Committee of Malaysia was established to plan and
coordinate the mangrove replanting program, determine suitable species to be
planted and formulate the appropriate mangrove planting methods and
techniques.
3.4.2.3 Implementation
i.

Malaysian National Plan of Action - Climate Change Adaptation has been
prepared and implemented in Malaysia’s Coral Triangle areas, including several
vulnerability studies in the Malaysian Coral Triangle east coast of Sabah,
Terengganu and Melaka.

ii.

Under the Coral Triangle Initiative on Coral Reefs, Fisheries and Food Security
(CTI-CFF), the Worldwide Fund for Nature – Malaysia (WWF-Malaysia) assesses
the impacts of climate change on its conservation targets such as coral reefs and
marine turtles. The sea surface temperature in the coral reef of Semporna, Sabah,
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a priority conservation area of the CTI-CFF, has been continuously monitored by
deploying temperature loggers. The project aims to identify the vulnerability factors
and recommend adaptation measures.
iii. The establishment of Tun Mustapha Marine Park in 2015 has almost doubled the
Marine Protected Areas in Malaysia (MESTECC, 2018).
iv. When it was under NRE, Jabatan Taman Laut Malaysia (JTLM) temporarily closed
12 out of the 87 diving sites at Marine Park during coral bleaching incidence in
year 2010. The sites' temporary closure aimed to enable the coral reefs to recover
and reduce stress due to human activities.
v. JTLM has developed the Coral Bleaching Response Plan 2012-2013 and its
revised Coral Bleaching Response Plan 2016-2020.
vi. WWF-Malaysia, along with Universiti Malaysia Sabah (UMS), conducted a climate
change vulnerability assessment for Semporna Priority Conservation Area (PCA)
between July 2013 and June 2014. This assessment aimed to introduce and apply
the Local Early Action Planning Guide and the Coastal Integrity Vulnerability
Assessment Tool (CIVAT) in Semporna to determine the vulnerability of the local
communities and resources to climate change. UMS also led the assessment on
coral bleach and countries, namely the Philippines, Indonesia, Papua Guinea,
Solomon Island, and Timor Leste.
vii. FRI has conducted a massive plantation of seaweeds as a countermeasure to
reduce carbon footprint and simultaneously increase the source of fishes (Figure
3.21).

Figure 3.21 Among plantation/cultivation activities of seaweeds
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viii. FRI has started to do carbon footprint calculation that is mainly conducted at
aquaculture ponds. Boyd (2013) reported that the carbon footprints of individual
species from capture fisheries and aquaculture range from 1 to 3 kg carbon
dioxide/kg meat and 2-7 kg carbon dioxide/kg meat, respectively. The greater
carbon footprint for aquaculture products results mainly from the use of feed and
mechanical aeration.
ix. The turtle conservation program has been and is still actively implemented. This
program provides sanctuary and nesting spot. The nesting and hatching process
can be controlled under optimum conditions through this program, thus avoiding
issues such as mutation or mortality.
x. Based on the NC3 report, the implementation of the Central Forest Spine (CFS)
and the Heart of Borneo (HOB) initiatives aimed to increase connectivity and
reduce forest fragmentation. The CFS will link four major forest complexes
(including mangroves) in Peninsular Malaysia with an ecological network to
enhance biodiversity conservation.
xi. Mangrove replanting initiated by NRE has been introduced since 2005 as part of
the rehabilitation efforts.
3.4.2.4 Gaps
i.

Lack of management on conservation and rehabilitation of biota, especially those
significantly impacted by climate change.

ii.

Incomplete data coverage and significant gaps in the knowledge of biodiversity.
Data are segmented and scattered across agencies and jurisdictions, making it
challenging to configure or produce overall analysis on biodiversity trajectory to
support policy and decision-making. In addition, most available data have not been
translated into information that can be useful to support science policy interface.

iii. Low level of awareness on the importance of biodiversity, which can hinder
support for conservation. The many values of biodiversity – including its critical
roles in the economy-in supporting human wellbeing and creating resilience to
climate change remain poorly recognized.
iv. Insufficient observations and research work on the potential impacts of climate
change on forests and biodiversity.
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3.4.2.5 What’s Next
Strategy 1: Improve management on rehabilitation of vulnerable biotas
Rehabilitating degraded biotas and their habitats improves their resilience and
connectivity across environmental gradients, thus improving carbon footprints.
Replanting mangrove trees and conserving natural coral reefs can help in the regrowing of aquatic fisheries. Extensive R&D on the resilience of aquatic species under
stressful climatic conditions should be conducted to harness the resilient traits of the
species.
Strategy 2: Improve information records on vulnerable biodiversity
Identify and provide mapping on vulnerable biotas such as fishes, turtles, coral reefs
and many others. Appropriate methods, standards, criteria and biological indicators
should be developed and centralized for identifying all such biodiversity as part of a
continuous process to be constantly updated. Mapping of all vulnerable ecosystems
by considering emerging threats such as climate change should also be carried out.
Strategy 3: Enhance awareness program on aquatic biodiversity
Create awareness across all society segments by formulating and implementing the
national biodiversity communications, education, and public awareness action plan.
Societies need to understand the role of climate change impact and the consequences
of this climate change on aquatic biodiversity.
Strategy 4: Enhance Sustainable Forest Management
The current Sustainable Forest Management should consider the potential impacts of
climate change and that adaptive forest (mangroves) management should be
included. The national REDD Plus Strategy also identifies some areas of forest
adaptation measures. The improvement plan includes extending the mangroves
network areas, improving the management and rehabilitation of vulnerable
ecosystems, and conducting conservation assessments for biodiversity. The
enhancement of forest management, specifically mangroves, is crucial as mangroves
are also known as natural habitats for fisheries.
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SUMMARY
Adaptation strategies have been listed under the FOUR (4) main sub-fields of water
utilization: water supply & sewerage, irrigation, hydropower, and fisheries. Several
important and significant issues have been highlighted and mutually agreed upon by
various agencies that have participated in preparing this framework. The issues are
water pollution and lack of water supply (water supply & sewerage), low and
oversupply of irrigation water (irrigation), variation of water runoffs (hydropower) and
low fisheries productivity and biodiversity loss (fisheries).
The issues were discussed following the five components of knowledge, management,
implementation, gaps and strategies (What’s next). To date, the knowledge and the
status for each issue have been well recorded and reported by various relevant
agencies associated with the sub-field of the water service industry. The management
and implementation in resolving the aforementioned issues are in place. However,
there are still significant gaps regarding the adaptation of current and projected climate
change effect.
Some of the similar and significant gaps across the issues are non-resilient
infrastructures and materials, consolidated database/data management, fragmented
management and governance, and limited guidelines or policy incorporating current
and projected climate change.
Despite lacking adaptation towards the effects of climate change, most of the outlined
policies, guidelines, SOPs, BMPs and implementations can still be considered a noregret investment. Many gaps are yet to be fulfilled soon. Hence, financial
management is critical to support the strategies or actions to be taken to ensure that
this water sector can sustain while adapting to climate change scenarios. A summary
of the gaps and their corresponding strategies to complement each of the issues
addressed under each water-services industry can be referred to in Figure 3.22.
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Knowledge

Gaps

Issues

Water
Pollution

What’s next

RMS & ORS

S1: Install RMS and ORS at prone climatic area

Climate change projection on river
carrying capacity

S2: Improve climate change projection (resolution, data

Mechanism and regulation on IST

S3: Mandatory scheduled desludging of septic tanks

High permissible concentration of effluent
limit

S4: Revise permissible limit for effluent (sewage & industry)

Water demand management

S1: Improve demand management

coverage)

concentrations

Domestic and
Industrial Water
Supply

Framework river basin for adjoining States
Lack of
Storage
Capacity

Financial incentive structure to reduce
water consumption

S2: Develop river basins framework for the adjoining States
S3: Develop financial incentive structures for revenue purpose

Water storage management

S4: Increase effectiveness of storage management (i.e.;TAPS)

Utilization of alternative water resources

S5: Increase use of alternative water resources including
reclaimed wastewater

Conventional water infrastructure design

S6: Upgrade existing water infrastructure design

Figure 3.22 Summary of the gaps and their corresponding strategies for sector water utilization
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Knowledge

Insufficient
Irrigation
Water
Irrigation

Variation of
Runoff

What’s next

Farm-level adaptation action

S1: Develop and produce resilient crop variety

Difficulty to draw water

S2: Improve on existing irrigation infrastructure

Conventional irrigation infrastructures

S3: Establish smart watering crops

Water recycling system

S4: Implement water recycling system

Crop rotation

Over-supply
Irrigation
Water

Hydropower

Gaps

Issues

S5: Implement crop rotation

Lack of fund in managing affected crops

S1: Utilization of Green Climate Fund

R&D in flood resistant crops and resilient
irrigation infrastructures

S2: Improve crop varieties and irrigation infrastructures

Collection and storage of excess water

S3: Improve crop-modeling projection by incorporating
risk assessment on climate change
S4: Install complete collection and storage system

SOP and EAP

S1: Improve SOP & EAP

Crop-modeling projection

Study involves only on critical dam

S2: Extensive R&D on control of reservoir surface
evaporation
S3: Conduct vulnerability studies for all dams

Dam water quality

S4: Implement Sustainable Management Dam

Hydropower infrastructures (capacity)

S5: Improve hydropower capacity

Reservoir surface evaporation

Figure 3.22 Summary of the gaps and their corresponding strategies for sector water utilization (continue)
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Knowledge

Gaps

Issues

Resilient adaptation in fisheries security
Low
Fisheries
productivity

Ecosystem-based fisheries management

What’s next

S1: Adopt resilient adaptations (i.e., Integrated MultiTrophic Aquaculture (IMTA), sea farming, etc.)
S2: Enhance ecosystem-based fisheries management

SOP & ERP

S3: Enhance SOP & ERP to adapt with climate change

Knowledge on influence of climate change
among local fishermen

S4: Enhance knowledge management of the fishermen
(via officers of DOF, LKIM, PNK & researchers)

Conservation and rehabilitation of
impacted biotas

S1: Improve rehabilitation management on vulnerable

Fisheries and
Bio-diversity

Biodiversity
Loss

Data coverage on impacted biotas

biotas (mangrove replantation, artificial reefs)
S2: Improve information records on biodiversity

Awareness on biodiversity

S3: Enhance awareness programs on aquatic biodiversity

Observation and research work on
mangrove forest and biodiversity

S4: Enhance sustainable forest management

Figure 3.22 Summary of the gaps and their corresponding strategies for sector water utilization (continue)
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CHAPTER 4
4 WATER-RELATED DISASTERS

Malaysia is vulnerable to climate-related hazards, including floods, landslides, mud
flows, droughts, water scarcity and deteriorating water quality. Sea level rise also
becoming a main primary concern since much of the population is residing along the
coastal line. Climate change is now a fundamental threat in Malaysia. The three most
significant water-related disasters associated with climate change impact, including
sea level rise (SLR), are flood, drought and water pollution.
Numerous research on climate change in Malaysia supports the possibility of
increased risk of water-related disasters (Amin et al., 2019; Loh, Tangang, Juneng,
Hein, & Lee, 2016; Rahman, 2018; Tang, 2019; Tangang et al., 2012). Information on
climate change projections output in Malaysia generally has shown an increase in
temperature, highly variable rainfall spatially and seasonality with some drier and
wetter conditions, and increased frequency of extreme weather events. Some of the
worth mentioning research outputs are:
●

Research conducted by NAHRIM on the impact of climate change in the 21st
century includes investigating precipitation, air temperature, soil water storage,
and river flows. Impacts of climate change on river flows were assessed at the
outlets of ten river basins in Peninsular Malaysia. The climate change outputs are
from a dynamically downscaled 15 future climate projections of three GCMs
covering four emission scenarios (SRES B1, A1FI, A1B, A2) based on the
Coupled Model Intercomparison Project phase 3 (CMIP3) datasets to 6-km
horizontal resolution over the whole Peninsular Malaysia. In the next 30 years, it
is projected that there will be an increase in the mean annual precipitation, an
increase in the annual mean air temperature between 2.52oC and 2.95oC, and an
increase in the change of average annual mean flows (refer to Figure 4.1) (Amin
et al., 2019).
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(a)

(b)

Figure 4.1 Changes in (a) annual mean air temperature from the water year 2010 to
water years 2040, 2070, and 2100, and (b) 30-year average of the annual mean flow
from the historical period to the early, middle, and end of the 21st century for each of
the 10-river basin in Peninsular Malaysia. Source: NAHRIM (Amin et al., 2019)

●

A review was conducted by Tang (2019) on trends of extreme weather events in
Malaysia. The results show increasing occurrence on days of high temperature,
high rainfall, dry spell, thunderstorm and strong winds in the past decades. Climate
change impacts agriculture, forestry, biodiversity, water resources, coastal and
marine resources, public health and energy.

●

Research conducted by Loh et al. (2016) used the Providing Regional Climates
for Impacts Studies (PRECIS) models. The PRECIS regional climate model
(HadRM3P) was configured in 0.22° × 0.22° horizontal grid resolution based on
the A2, A1B and B2 scenarios of the Intergovernmental Panel on Climate Change
(IPCC) Special Report on Emission Scenarios (SRES). The temperature is
projected to increase by 2.5 to 3.9°C, 2.7 to 4.2°C and 1.7 to 3.1°C for scenario
A2, A1B and B2, respectively. Rainfall projection at the end of the 21st century
indicates substantial spatio-temporal variation with a tendency for the drier
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condition in boreal winter and spring seasons. In comparison, a wetter condition
is expected in the summer and fall seasons.
Information gathered from various government and non-government agencies have
identified several water-related disasters requiring improvements for future
adaptations. The issues are depicted in Figure 4.2.

DATA MANAGEMENT
(e.g. transparency,
consolidated)

COMMUNICATION

OPERATION

(e.g. jurisdiction conflict)

(e.g. Maintenance, investment

ECOSYSTEM AND
BIODIVERSITY

for DRR, SOP)

FLOOD CONTROL
STRUCTURES
(e.g. dams, river bunds, sea
walls)

CRITICAL
INFRASTRUCTURES
(e.g. WTP, STP)

POST-DISASTER HEALTH
AND DISEASES

EARLY WARNING
SYSTEM & WEATHER
FORECAST

PREPAREDNESS AND
RESILIENCE

WATER POLLUTION,
WATER QUALITY AND
BIODIVERSITY.

Figure 4.2 Highlighted issues on water-related disaster

The issues on water-related disaster above are discussed according to three subfields of flood, drought and water pollution, as shown in Figure 4.3. Each issue is
described according to five important components of knowledge, management,
implementation, gaps and required actions.

Figure 4.3 Subfields on water-related disasters.
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FLOOD
Flooding occurs in several ways, and each may be affected by climate change. An
increase in the rainfall intensity and frequency due to climate change will increase the
risk of flooding (see Figure 4.4). Surface water flooding occurs when the grounds are
fully saturated, and rainfall could not infiltrate further or be drained away. River flooding
is closely linked to surface flooding, which occurs when volumes of water could not be
accommodated in streams contributing to bank bursts or river swelling. On the other
hand, coastal flooding is associated with high tides, storm surges, and rising sea
levels.
The FGD on Climate Change Adaptation Framework on Water Sectors highlighted
several issues of flood concerning climate change, including (i) water management,
(ii) flood control structures, (iii) reliable early warning system and weather forecast,
and (iv) preparedness, response and resilience.

Figure 4.4 The 2014 major flood event in Kelantan (Source: DID)
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Water Management (Flood/Drought)
4.1.1.1 Knowledge
i.

Water management is an important issue concerning the impact of climate
change. Shared understanding related to water management and climate change
includes matters on data and operation. Managing data and operation widely
involve various fields and integration of disciplines and management are needed.
Some of the important ones are managing and monitoring rainfall, sea level, flow,
and water quality. Comprehensive review and assessment on climate change
impact and strategies for Malaysia are available in the Third National
Communication (NC3) and Second Biennial Update Report (BUR2). The reports
have been prepared to meet Malaysia’s obligations as a Party to the United
Nations Framework Convention on Climate Change (UNFCCC). The report is a
Government of Malaysia output of two United Nations Development ProgrammeGlobal Environment Facility (UNDP-GEF) Projects, namely Third National
Communication to the UNFCCC and Biennial Update Reporting for Malaysia and
Second Biennial Update Report on Climate Change (MESTECC, 2018).

ii.

NAHRIM has conducted studies to assess the impact of global climate change in
the 21st century on the hydro-climate of the Peninsular Malaysia, Sabah and
Sarawak regions regarding air surface temperature, rainfall, evapotranspiration,
soil water storage, and streamflow. Two main studies that had been undertaken
in the Ninth Malaysia Plan (2006-2010) and Tenth Malaysia Plan (2011-2015) are
on the Impact of Climate Change on Hydrologic Regime and Water Resources of
Sabah and Sarawak (2010), and the extension study of the Impact of Climate
Change on Hydrologic Regime and Water Resources of Peninsular Malaysia
(2014) respectively. Technical publications on the vulnerability and adaptation of
climate change impacts on floods in selected river basins are also available
(NAHRIM, 2015a, 2015b). The SRES IPCC AR4 global historical atmospheric
databases and global future climate simulation databases were used assessment
assess the impact in both studies (MESTECC, 2018).

iii. The modeling and analysis of hydro-climate projection and water resources
assessment conducted by NAHRIM are based on the IPCC AR5 climate change
scenario. The model includes downscaling and development of regional hydroclimate model and generation of climate change projection data based on IPCC
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AR5's latest scenario for Malaysia, to provide scientific data and hydro-climate
projection database in pursuing climate-resilient and sustainable ecosystem as
well as analysis and assessment of the impacts of climate change on hydrology
and water resources.
iv. At present, NAHRIM has several ongoing studies to address issues related to
climate change and adaptation in the water sector in Malaysia. This study aims to
understand the knowledge gaps, identify possible approaches that can be
implemented in mainstreaming climate change adaptation, and provide a
framework for the climate change adaptation measures that stakeholders can
apply.
v. NAHRIM also studies the impact of sea level rise and adaptation measures on
cities, ports and coastal infrastructure development.
vi. In order to facilitate data sharing, NAHRIM has established a stakeholders’ data
collection/stocktaking facility. Among others, the objective is to facilitate the
development of the climate change adaptation index. It is an effort to develop a
climate change adaptation index for Malaysia (Malaysia Adaptation Index, MAIN)
to assess the state’s vulnerability and readiness to face climate change impacts
and improve resilience. The index is also designed to help the government,
businesses and communities in preparing a more efficient response to climate
change impacts.
4.1.1.2 Management
i.

The development of the National Flood Forecasting and Warning Program (PRAB)
comprises two phases; Phase 1 covers Sungai Kelantan, Sungai Pahang, and
Sungai Terengganu basins, and Phase 2 will cover other 38 river basins in
Malaysia. The objectives are to provide flood river forecasts, especially during the
monsoon season, issue warning and dissemination of information to related
agencies and the public. To achieve the program’s objective, four (4) major
components will be implemented in an integrated manner using the latest
technology. The components are 1) Hydrological Data Detection System, 2)
Database and ICT Infrastructure System, 3) Flood Modeling and Forecasting
System and 4) Flood Warning and Dissemination System.
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ii.

Arahan Majlis Keselamatan Negara (MKN) No. 20 is a policy and mechanism for
state disaster management. There are standard procedures and acts related to
natural disasters such as flood is mentioned in Act 4 Disaster Occurrence and Act
9 Prevention and Relieved.

iii. Since 1990, DID has embarked on Integrated River Basin Management (IRBM).
IRBM is defined as "the coordinated management of resources in a natural
environment (air, water, land, flora, fauna) based on river basin as a geographical
unit, to balance man's need with the necessity of conserving resources to ensure
their sustainability". IRBM is geared towards integrating and coordinating policies,
programs and practices. It addresses water and river-related issues. The program
entailed upgrading the professional capability and increasing financial, legislative,
managerial and political capacity (DID, 2017b).
iv. DID has developed the Urban Storm Water Management Manual (MSMA), a
comprehensive manual for managing storm water that considers sustainability and
the environment. Considerations of climate change impact are embedded in storm
water management, emphasizing control at source strategy on water quantity and
quality through best management practices.
v. The report entitled Impact of Climate Change – Sea Level Rise Projections for
Malaysia by NAHRIM (2017a) provides the latest Projections for Sea Levels in
Malaysia for 2100 based on the latest 5th Assessment Report (AR5) from IPCC.
vi. The global mean sea level in 2100 relative to 1986–2005 level is projected to
increase between 28 and 61 cm for RCP 2.6 (intense mitigation scenario) and
between 52 and 98 cm for RCP 8.5 (high emissions scenario). For RCP 8.5 and
6.0, the global mean sea level (GMSL) rate is projected to increase until the 21st
century, while for RCP 2.6 & 4.5, the rate of increase will slow down after 2030
and 2070. Hence, integration of SLR data and projection by NAHRIM in any
coastal management, development and design could minimize error in assessing
the impacts of climate change.
vii. N-HyDAA, as discussed in Section 4.1.1.2 (iii), is a climate change knowledge
portal for Malaysia that was developed using Big Data Analytics technology that
optimized the use of downscaled hydro-climate projected data for analysis,
planning and management purposes and supported decision making in
addressing the climate change impacts. The analysis/information modules
P a g e | 100

Climate Change Adaptation Framework for Water Sectors

provided are projected rainfall, temperature, storm center, stream flow, climate
change factor and water stress index.
viii. Flood Hazard and Flood Risk Maps of selected river basins in Malaysia were
generated by the Flood Management Division in DID. The maps are used to plan
flood mitigation projects, town planning and awareness and preparedness of flood
risk to the public (https://www.mywp.org.my/wp-content/uploads/2013/06/Paper6-Flood-Hazard-Maps-An-Update.pdf).
ix. The Coastal Vulnerability Index (CVI) was developed as an indicator to evaluate
the risk levels of the shoreline and to be used in mapping the relative vulnerability
of the different physical and socio-economic segments of the coast to SLR. To
facilitate the evaluation of the impacts of SLR, the coastline is divided into
Management Units (MUs) which are then sub-divided into Sub Reaches (SR)
based on the existing coastal features and land use. Based on the CVI, NAHRIM
conducted detailed studies on various high-risk coastlines and produced the
Potential Inundation Maps caused by SLR.
x. Adaptation measures were proposed to guide planning agencies such as the
Town and Country Planning Department, the Department of Irrigation and
Drainage and the Public Works Department in their respective duties of monitoring
and maintenance of coastal protection structures and public infrastructure.
xi. Projected inland and coastal flood inundation maps for 13 river basins in Malaysia
by NAHRIM. Maps for selected river basins in Malaysia (including Sabah &
Sarawak) based on the latest climate change scenario IPCC AR5 are being
developed.
4.1.1.3 Implementation
i.

The National Disaster Control Centre (NDCC) of the National Disaster
Management Agency (NADMA) was developed as a control centre to manage
operation during a disaster. The centre provides real-time disaster warning and
alarm monitoring and real-time information dissemination.

ii.

Smart Selangor Command Centre (SSCC) developed by the state government
dedicated as the disaster control center for Selangor. The centre monitors and
manages data and communication related to the disaster.
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iii. TNB Research (TNBR) is carrying out adaptation research apart from mitigationrelated projects to protect TNB’s power generation, distribution and transmission
assets from impacts of climate change, mainly flooding and slope failures. The
research includes assessing climate change impacts on dam performance, slope
protection system and adaptation strategies for distribution stations in flood-prone
zones. A study on Dam Safety Modelling and Lake Ecosystem for Sungai Perak
Power Stations suggests that the performance of dams is directly dependent on
climate variabilities, particularly rainfall. More work is necessary to evaluate the
impact of climate change on hydrological and hydraulic characteristics.
iv. Impact based forecast (IBF). The IBF is produced by the Malaysia Meteorological
Department (MMD) for major meteorological related disaster affecting Malaysia.
This includes thunderstorms, strong winds, floods, and tropical cyclone. The IBF
will be used and led by NADMA.
4.1.1.4 Gaps
i.

Fragmented in management and governance; Fragmented jurisdictions and
decision-making structures can result in destructive competition and/or a lack of
systematic cooperation that can hamper effective resource management and
environmental planning, although the value of local autonomy and stakeholder
participation should not be underestimated. Political fragmentation can make
disaster management more challenging.

ii.

Changes in dam operation and management; Changes in dam operation and
management may hinder disaster management, such as standard procedures if
updates and continuation of management plans are unavailable.

iii. Consolidated database/data management, analysis and modeling. Data
consolidation refers to the collection and integration of data from multiple sources
into a single destination. Data related to disaster management, mainly floods,
come from multiple sources of agencies. It is essential to consolidate data,
analysis and modeling to ease stakeholders and decision-makers in researching
the flood.
iv. Policy friendly technical reports. Transforming technical report for policy is a
challenge. Report for policymakers is essential in bridging technical information to
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decision making. A policy-friendly technical report makes research findings easily
digestible, increasing the likelihood of research being read and acted upon.
v. Transparent

Information.

Being

transparent

means

making

information

continuously known and accessible whenever possible. Information should be
made available to other parties outside of an organization. Transparency operates
so that it is easy for others to obtain meaningful information for analysis or decision
making.
4.1.1.5 What’s Next
Strategy 1: Total water management
Introduce the total water management/accountancy. A holistic approach is necessary
to take into account the whole river basin. Such a holistic approach is based on
multilateral cooperation, including interdisciplinary planning for the whole catchment
areas. On transboundary rivers such as the Golok River, international cooperation is
needed. As part of strategies to control flood, especially in the urban area, flood water
should be treated as part of water resources. This is crucial as urban flash floods are
becoming more frequent, especially in the Greater Kuala Lumpur-Klang Valley area
and Penang.
Strategy 2: Water management Information System
An easily accessible platform should be established to consolidate information and
data access related to water management, including data and directory of experts and
center.
Strategy 3: Review of SOPs and guidelines
Review of SOPs and guidelines for management related to water disaster and climate
change. These SOPs and guidelines will sustain proper management in case of
changes in the operation management team, such as the operation of dams and other
critical infrastructures.
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Strategy 4: Incorporation of long-term planning and support platforms
Incorporation of long-term climate change risk planning and support related to climate
change platforms are needed. Supports through the mandates of ministerial level and
engagement with the finance ministries are some incorporation needed for climate
change risk plans to take effect. Identify incentives to guide and influence the private
sector and local development actors' decisions are also important to incorporate.
Recognize communities’ priorities and capacities (WMO, 2009)
Flood Control Structures
4.1.2.1 Knowledge
i.

Changes in climate directly affects the efficiency, adequacy, and durability of flood
control structures and their continued services. Since flood control structures
provide defence against frequent, small floods in rivers and estuaries, rising sea
levels, and storm surges, climate change impacts on these structures may
significantly affect the communities relying on their protection. Such impacts have
implications for urban stability, economic growth and trade, and food and water
availability. These structures and their services can be protected with adaptation
strategies that include fortifying the existing structures.

ii.

Some reports published by NAHRIM address the impact of climate change on sea
level rise (SLR), coastal vulnerability index in risk area along shoreline, inundation
map from SLR impact, studies on the impacts of climate change on the
hydrological regime and water resources of Peninsular Malaysia.

iii. Study by NAHRIM (2017a) has projected changes in SLR based on AR5 until
2100. Changes in between 7 to 16 mm/year were estimated across the Malaysian
coastlines based on RCP8.5 (business-as-usual scenario). The projections were
developed using the Coupled Model Intercomparison Project Phase 5 (CMIP5)
and data from glaciers, Greenland and Antarctic liquefaction, global groundwater
storage and Glacial Isostatic Adjustment (GIA) as a result of earth-moving
movements in response to time changes in ice circulation and water. All of these
factors contribute to global sea level change.
iv. Climate modelling is an important tool to aid the development of science-based
adaptation and mitigation measures. According to the Intergovernmental Panel on
Climate Change Fifth Assessment Report (IPCC AR5), there is a significant
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knowledge gap in the regional assessment for Southeast Asia (IPCC, 2014). This
is mainly due to the limited resources for comprehensive climate downscaling
exercise in the region.
v. Malaysia led climate change regional assessment for Southeast Asia under
CORDEX (coordinated downscaling experiment), program WCRP auspices by
WMO and UNFCCC.
vi. NAHRIM has developed a Climate Change Factor to be used for designing and
managing hydraulic structures given the changes in the behavior of historical
rainfall.
vii. In Malaysia, regional climate modelling is carried out mainly by the National Water
Research Institute of Malaysia (NAHRIM), the Malaysian Meteorological
Department (MetMalaysia), School of Environmental and Natural Resource
Sciences of National University of Malaysia (Universiti Kebangsaan Malaysia,
UKM) and Institute of Ocean and Earth Sciences of the University of Malaya. UKM
spearheads the lower resolution Southeast Asia regional climate modelling
collaboration, and NAHRIM leads the higher resolution climate modelling work for
the country. NAHRIM has succeeded in developing the Watershed Environmental
Hydrology-Hydroclimate Model of Peninsular Malaysia (WEHY-HCM-PM) to
understand better the hydrological processes at the watershed scale (MESTECC,
2018).
viii. The assessment of coastal vulnerability to sea level rise requires high accuracy
Digital Elevation Model (DEM) data and near shore bathymetric data, which are
expensive to acquire. Continued improvement of sea level rise projections is being
carried out. This assessment uses inputs from CMIP5 climate models, which have
the four RCPs in the IPCC’s AR5. In addition, sea surface temperature projection
is also being carried out. The projected sea level rise and surface temperature
would be used for improving sectoral vulnerability and adaptation assessments.
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Figure 4.5 SMART is a dual-purpose stormwater management and road tunnel
structure (source: DID)

4.1.2.2 Management
i.

Urban Storm Water Management Manual (MSMA), a comprehensive manual in
managing storm water that considers sustainability and environment, was
developed by DID. Consideration of climate change impact to the design of water
structures was mentioned in the manual.

ii.

Hydrological Procedures series (HP series); DID developed a series of
comprehensive guidelines and procedures to assist and guide consultants in
designing water-related structures. Climate Change Factor (CCF) was included in
Hydrological Procedure No 1 entitled ‘Estimation of the Design Rainstorm in
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Peninsular Malaysia’ based on climate change research outputs of the National
Water Research Institute Malaysia (NAHRIM).
iii. The 3rd National Physical Plan (NPP3); The NPP3 emphasis on economic, social
and environmental relations as main components of sustainable development
within a holistic ecosystem are reflected in three main thrusts, namely Dynamic
Urban and Rural Growth, Spatial Sustainability and Climate Change Resiliency
and Inclusive and Liveable Community Development (Malaysia, 2020). Integration
of outputs on SLR and climate change factor is useful for flood control structures
by the Department of Public Works and DID.
iv. The National Flood Forecasting and Warning Program (PRAB)- outlines four
components that will be implemented in an integrated manner using the latest
technology (Figure 4.6). The components are Hydrological Data Detection
System, Database and ICT Infrastructure System, Flood Forecasting System,
Flood Warning and Dissemination System by DID.

Figure 4.6 Main components in PRAB (Source: DID)
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v. Integrated Shoreline Management Plan (ISMP) are already in place for a few
states such as Sabah, Pahang and Negeri Sembilan.
vi. Rancangan Fizikal Zon Persisiran Pantai Negara (RFZPPN) was conducted in
2010 and is currently updating to RFZPPN2 by the Federal Department of Town
and Country Planning Malaysia. RFZPPN is a guideline for development plans
which considers climate change and SLR though not comprehensively.
vii. IEM Position Paper for SLR expresses the views and stand of IEM on issues
related to engineering and SLR that is important to the country. It makes specific
recommendations to the government for consideration and implementation in
addressing SLR. The position paper is a collaboration between IEM, DID, private
consultants, NAHRIM and universities (UTM and UiTM). The position paper is now
at the final stage of gathering comments from stakeholders and will be submitted
to the Cabinet by the end of 2020.
viii. A Director-General internal circular 2014 by DID has demanded the inclusion of
climate change factor as an additional engineering design for comparison with the
conventional analysis.
ix. Development of guidelines on hydrological design and engineering practices for
climate change adaptation and disaster risk reduction in water resources
management by NAHRIM such as Technical Guide No 1 - Estimation of Future
Design Rainstorm under the Climate Change Scenario in Peninsular Malaysia
(2013) and Technical Guide No 3 – Estimation of Future Design Rainstorm under
the Climate Change Scenario in Sabah and Sarawak (2018).
x. Malaysia leads the climate change regional assessment for Southeast Asia under
CORDEX (coordinated downscaling experiment), WCRP program auspices by
WMO and UNFCCC.
4.1.2.3 Implementation
i.

Interactive Dam Safety Decision Support System (INSPiRE) has been used for
preparing Flood Emergency Response Plan (ERP) of Sultan Abu Bakar Dam at
Cameron Highland to mitigate the hydro hazard due to dam break. It is an
intelligent dam safety software developed to address emergencies, which demand
fast decision making and effective multi-agency collaboration in case a dam break
happens.

P a g e | 108

Climate Change Adaptation Framework for Water Sectors

ii.

Many flood mitigation projects have been carried out by DID to reduce flood impact
using an effective flood defence system and state of the art technologies.
Examples of completed major flood mitigation projects are SMART - Stormwater
Management and Road Tunnel (Figure 4.5), Batu Jinjang Ponds & Related
Diversions Project, Sungai Muda Flood Mitigation Project, Sungai Perai Flood
Mitigation Project, Multimedia Super Corridor (MSC) Flood Mitigation Project, and
Bertam - Kepala Batas Flood Mitigation Project (DID, 2017a). Examples of flood
defence structures are Off River Storage, breakwater, flood mitigation pond and
underground dam at Pulau Langkawi.

iii. Dredging activities at critical silted areas are currently being done and improved
dredging activities using ARIVR, Coastal reservoir, and Sediment traps are in the
planning stage.
iv. NAHRIM has carried out studies on the sea level rise (SLR) since 2009. In
addition, the modelling of SLR and its impact has been undertaken by several local
universities. The assessment carried out by NAHRIM is based on the historical
tide gauge and satellite altimetry data with a 20-year interval projection of SLR for
the entire 21st century. Depending on the locations, the modelling results showed
a 0.2 – 1.1m rise by the year 2100. Areas that will experience the highest SLR
are the coasts of Kedah and Kelantan in Peninsular Malaysia, Sarawak River
estuary, and most estuaries located on the east coast of Sabah.
v. Regional climate modelling by SEACLID/CORDEX Southeast Asia by UKM,
Malaysia Meteorological Department and NAHRIM.
vi. PRECIS regional climate modelling by Malaysia Meteorological Department.
4.1.2.4 Gaps
i.

Malaysia Dam Safety Management Guidelines (MyDAMS), as mentioned in
Section 3.3.1.2 (i), provide guidance on the latest dam safety best management
practices (BMPs) for parties who involve in the local dam industry. The present
guideline does not require the inclusion of climate change effects in the derivation
of designed spillway floods as the local understanding of climate change impact
on floods is still in its infancy stage especially when considering the uncertainties
associated with the estimation of inflow design flood (IDFs) (DID, 2017b).
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ii.

Costly structural schemes give rise to a false sense of security and may, in fact,
be more costly to victims. Frequent failures of structural schemes often lead to a
lack of confidence on the part of victims.

iii. Top-down approach with little input from locals people or victims who have a vast
knowledge of floods and proven traditional coping mechanisms was workable in
the past when the population was still sparse, and the public largely made up of
lowly educated citizens, and the role of NGOs and civil society was restricted. This
top-down approach in dealing with water-related disaster may no longer be
suitable now because the public is well informed, especially via social media.
iv. Despite advances in technology, there is still insufficient coastal hydrodynamic
simulation that incorporates sea level rise impacts for vulnerable coastal regions
in Malaysia. Overall awareness among the implementation and planning agencies
on the impact of SLR is still unsatisfactory.
v. There is an urgent need to improve data management and develop a national
database on hydrometeorology, future climate data, sensitive ecosystem and the
modelling outputs of climate change impact.
4.1.2.5 What’s Next
Strategy 1: People-friendly Flood Management Program
Future flood management program should emphasize more on people-friendly
“horizontal” or “bottom-up” approach. This is by integrating the official flood
management program with traditional systems to save lives and minimise flood
damages and losses. Malaysia must integrate the concept of sustainable development
into its development policies towards flood hazard reduction. People, especially
disaster victims, need to be engaged and empowered to be more resilient. If not, they
remain highly dependent on government aid, which is not what the Malaysian
Government wants. When the public (who are the victims) are actively engaged and
involved, it will enhance their ability to respond to flood or other disasters effectively
and appropriately (Weng, 2015).
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Strategy 2: Review of existing design and guidelines
It is important to review existing design and guidelines for buildings, roads, drainage
and transportation systems to incorporate climate change factors. For example, the
climate change factor has yet to be incorporated in the dam safety management
guidelines. The designing of critical infrastructures should consider the impact of SLR
to be more resilient and durable. In addition, more technically advanced design
methodologies need to be developed to enhance the safety and durability of roads,
drainage and bridges constructed in flood-prone and coastal areas.
Strategy 3: Develop high-resolution coastal inundation and risk maps
More resources should be allocated to develop high-resolution coastal inundation and
risk maps based on a coastal hydrodynamic simulation incorporating sea level rise for
20-year intervals up to 2100. It is also crucial to carry out detailed coastal erosion and
sedimentation studies as a basis to formulate comprehensive adaptation measures.
This includes the integration of inland/riverine for coastal flooding simulation.
Strategy 4: Established an easily accessible information platform
It is timely to establish an easily accessible platform for information and data to
maximise the potential benefit. Although hydrological data is available, other data such
as geo-spatial, river basin information and others related to designing infrastructures
are not easily accessed. This includes related guidelines and experts’ directories
information.
Strategy 5: Twofold policy response
Flood defence infrastructure must be retrofitted to retain their structural integrity during
extreme events (e.g. allow overtopping of levees without levee erosion). When a flood
is larger than the design standard, the residual risks need to be explicitly strengthened
through land use planning and regulation, enhanced public awareness and response
capacity, risk-sharing mechanisms, and enhanced flood emergency response
capacity (WMO, 2009).
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Reliable Early Warning System and Weather Forecast
4.1.3.1 Knowledge
i.

Early warning systems (EWS) are key elements of climate change adaptation and
disaster risk reduction. According to a Special Report of Working Groups I and II
of the Intergovernmental Panel on Climate Change (IPCC), EWS is considered
one factor that systematically manages current disaster risks more successfully
and is a low regret investment (Lal et al., 2012). It is aimed at avoiding or reducing
damages caused by hazards. It is agreed that the early warning system relies on
the weather forecast. Thus a reliable weather forecast is crucial.

ii.

In addition, to be effective, early warning systems need to actively involve people
and communities at risk, disseminate messages and warnings efficiently and
ensure that there is a constant state of preparedness and that early action is
enabled. The significance of an effective early warning system lies in the
recognition of its benefits by local people.

iii. Study and development of Forecasted Regional Flood Map using SOM-NRAX
Model for Sg Kemaman, and Early Flood Warning and Disaster Prevention
System by Artificial Intelligence Techniques has been undertaken for Kemaman
River Basin. The objectives of the project are to produce a 2-D flood routing
simulation model under various hydrological scenarios and real extreme events to
learn the spatial-temporal inundation characteristics of the study area; to produce
a hybrid Artificial Neural Network (ANN)-based model to generate real-time
regional flood inundation maps during storm events, and to establish an early flood
warning system in inundation-prone regions.
4.1.3.2 Management
i.

National Policy on Climate Change produced by the then Ministry of Natural
Resources and Environment Malaysia (MESTECC) aims to strengthen the
resilience of development from the potential impacts of climate change and
enhanced environmental conservation that lead to strengthened economic
competitiveness and improved quality of life. This includes key actions in
incorporating measures, such as mobilizing financing and technical assistance to
disaster risk reduction (DRR) programs and formulate a national R&D agenda on
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vulnerability due to extreme weather and natural disasters and establishing
database inventory on natural disasters.
ii.

The 3rd National Communication and 2nd Biennial Update Report for UNFCC
prepared by the then MESTECC demonstrate the Government commitment to the
United Nations Development Programme-Global Environment Facility (UNDPGEF).

iii. Arahan Majlis Keselamatan Negara (MKN) No. 20 is a policy and mechanism for
state disaster management. There are standard procedures and acts related to
early warning system and natural disaster, such as Act 11 on Early Warning
System.
iv. The Guidelines for Monitoring Heat Wave have many significant implications to
climate change adaptation strategy. Each country has different thresholds to
determine one heat wave event based on the long-term maximum daily
temperature and other climatic data. In Malaysia, heat waves are defined when
the daily maximum temperature exceeds 37 ° C for three successive days. There
are four stages in monitoring heat waves involving daily maximum temperatures
described in MMD (2020).
v. DID has established National Flood Forecasting and Warning Program (PRAB)
comprises four (4) major components that will be implemented in an integrated
manner by capitalizing on the latest technology. One componentis the flood
warning and dissemination system. Other components include hydrological data
detection system, database and ICT infrastructure system, flood modeling and
forecasting system.
vi. Warning of heavy rainfall associated with an expected monsoon flood by MMD.
vii. Warning of thunderstorm associated with an expected flash flood by MMD.
4.1.3.3 Implementation
i.

National Flood Forecasting and Warning Center operated by the DID was
established to provide accurate and reliable forecast and warning of impending
floods for public safety and reducing risks and property damage. Their main
functions are; to develop, maintain and operate flood forecasting and warning
system comprising hydrodynamic and hydrological data collection and telemetry
systems and ICT infrastructures; to provide timely dissemination of flood forecasts
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and early warning to flood disaster response agencies and the public, and to
enhance disaster-resilient communities which can absorb the shocks of a flood,
respond, react and able to recover quickly after the flood over.
ii.

DID has been implementing a flood forecasting system in six major river basins in
Malaysia. It has also implemented Very High Frequency (VHF) flood forecasting
systems in some of the smaller river basins in the urban areas where flash floods
occur frequently. These observations are useful for the development of disaster
risk reduction strategies.

iii. Currently, the MMD is not directly involved in modelling climate change. However,
MMD uses numerical weather prediction models applicable forshort- range
weather forecast from hours to days. This includes monthly or seasonal forecast
by MMD.
4.1.3.4 Gaps
i.

Unconsolidated information: unconsolidated information such as on system,
guidelines, procedures and other documents related to climate change causes
essential information that is not known by the public and not easily accessible by
other agencies and organizations.

ii.

Ungauged or poorly gauged catchment: insufficient observations on hydrological
parameters such as continuous and long-term data on rainfall, water level and
streamflow, and climate data adds to the inaccuracy of flood and weather
forecasts.

iii. Communicating information and coordination: Standard Operating Procedures
(SOP) lack central to local levels. In addition, the warnings issued in many places
are generally technical, inconsistent, and incomplete, leading to misinterpretation
of warnings and poor responses.
iv. Immediate appropriate actions and responses: All people at risk must be prepared
to take immediate appropriate actions and respond. Knowledge about distinct
responsibilities and role of different agencies, risk awareness and response plans
during emergencies are particularly lacking among the public. This may be due to
insufficient or irregular organizational awareness programs, such as drills,
seminars and training in preparedness and evacuation procedures, compounded
by low literacy rates in highly vulnerable communities.
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v. The MetMalaysia has no climate change projection scenarios or models for time
scales that exceed 10 years or longer.
4.1.3.5 What’s Next
Strategy 1: Established an easily accessible information platform
Establishment of an easily accessible platform for information and data access related
to monitoring, forecasting and early warning for consolidating information. Monitoring,
forecasting and early warning play a pivotal role in the risk management cycle. Regular
monitoring of elements that constitute water-related hazards is crucial during the
preparedness, response and reconstruction phases. This includes data information,
system and standard operating procedures.
Strategy 2: Enhanced weather forecast and early warning system
It is imperative to improve the effectiveness and accuracy of the weather forecast and
early warning system for the public and disaster managers (government and private).
The available forecast should be accessible and easily understood by the public. The
warning system must be accurate and timely. The dissemination and sharing of
information among agencies, private sectors and NGOs must be coordinated to
ensure strong cooperation and smooth implementation between various parties
involved. Application and establishment of technologies such as remote sensing data
for satellite-derived rainfall data should also be considered.
Strategy 3:Investment and international support
It is necessary to increase investment and seek international support in developing a
comprehensive and effective weather forecasting and early warning system. This
includes investment and support in big data analytics and machine learning. Science
and technology should break the barrier of financial resources to enable such warnings
to reach even the remotest corners of the affected areas.
Strategy 4:Improve rural monitoring system
Installation of reliable hydrological and climate monitoring stations will improve the
observation network system in rural and high-risk areas. Improved hydrologic
networks can minimize uncertainties in forecasting and prediction, thereby lessening
P a g e | 115

Climate Change Adaptation Framework for Water Sectors

decision-making risk. This can be made by investing in government or international
funds or investing in low-cost technology from local R&D developments to install,
maintain, and train operators.
Preparedness, Response and Resilience (Flood/Drought)
4.1.4.1 Knowledge
i.

With the ratification of the Sendai Framework for Disaster Risk Reduction (20122030), Malaysia continues to place a high emphasis on disaster risks reduction in
the Mid-Term Review of the Eleventh Malaysia Plan (2016-2020). Therefore,
disaster risk management, including risk reduction efforts, will be intensified by
enhancing the integration of DRR initiatives, strengthening disaster preparedness
and increasing capacity in disaster response.

ii.

Vulnerability assessment reports are some of the measures done to manage
people’s preparedness, response and resilience. The reports are submitted to
international agencies such as the United Nations Environment Program (UNEP),
United Nations Disaster Risk Reduction (UNDRR), and Intergovernmental Panel
on Climate Change (IPCC). Examples of such reports are Vulnerability
Assessment and Adaptation Study of Climate Change Impacts on Floods in
Sarawak River Basin (Technical 2015) by NAHRIM, Malaysia Third National
Communication and Second Biennial Update Report by MESTECC.

iii. Besides government initiatives, Government Linked Companies (GLCs) such as
Tenaga National Berhad (TNB) also conducts several studies on disaster
preparation due to dam break.
iv. NAHRIM has published a technical publication identifying region-specific flood
damage curves (NAHRIM, 2017b). NAHRIM had also conducted a study on
assessing vulnerability, impacts and adaptation in the Sarawak River Basin
(NAHRIM, 2016).
v. NAHRIM is now undertaking a study on the assessment of climate change
vulnerabilities and adaptation to extreme weather involving major water sectors
(infrastructure, water and coastal resources, energy, public health, agriculture,
forestry and biodiversity). The study is overseen by the Technical Working Group
(TWG) on Vulnerability and Adaptation of the Third National Communication
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(TNC). NAHRIM is also conducting a study on V&A and economic assessment of
flood under different climate change scenario.
4.1.4.2 Management
i.

A handbook entitled “Malaysia: Disaster Management Reference Handbook” was
published by the Center for Excellence in Disaster Management & Humanitarian
Assistance (CE-DMH), the United States, in collaboration with the National
Disaster Management Agency. The Handbook focuses on Malaysia’s disaster
management framework and partnerships and highlights Malaysia’s Disaster Risk
Reduction (DRR) strategies and plans. It provides an overview of the country’s
government, geography, demographics, social-cultural practices, as well as
details of its history of natural disasters and the current state of its disaster risk
and response management and serves as an initial source of information for
individuals preparing for DRR activities or immediate deployment with Malaysian
partner responders in a crisis.

ii.

Flood Preparedness Guidelines were published by the Civil Defence Department.
The guidelines provide information to the public that mentions the public's roles
and

early

actions

with

easily

understood

animated

instructions

(https://www.civildefence.gov.my/blog/buku-panduan-kecemasan/buku-panduankecemasan-bencana/).
iii. SEADPRI and NADMA had prepared the National Platform and Action Plan on

Disaster Risk Reduction (myDRR) for streamlined operations. The guidelines are
instrumental in the formation of a multi-stakeholder forum working on disaster risk
reduction.

These reflect the government commitment to support the plan to

implement national and local disaster risk reduction activities while linking up to
international efforts (SEADPRI, 2018).
iv. TNB has proactively played its role as the owner of the largest hydropower

scheme by spearheading the effort of developing an emergency response plan as
part of their dam safety program.
v. SEADPRI-UKM and the University of Cambridge had undertaken Disaster
Resilient Cities Project with support from the Newton Ungku Omar Fund. One of
the outcomes is establishing a Multi-hazard Platform for the City Hall of Kuala
Lumpur to provide early warning and risk communication (SEADPRI, 2018).
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vi. Others plan and policies initiated by MESTECC includes the National Adaptation
Plan (NAP), National Climate Change Policy (NCCP) and MESTECC Initiative
2020.
vii. NAHRIM has developed N-HyDAA, as discussed in Section 4.1.1.2 (iii), a climate
change knowledge portal for Malaysia based on Big Data Analytics that optimized
the use of downscaled hydro-climate projected data. N-HyDAA is useful for
analysis, planning and management purposes and supports decision making in
addressing the impacts of climate change in Malaysia. Amongst the
analysis/information modules provided are projected rainfall, temperature, storm
centre, streamflow, climate change factor, water stress index.
viii. The MetMalaysia has been conducting programs and campaigns for public
awareness specific to extreme weather events, climate trends, climate variability
and anthropogenic climate.
4.1.4.3 Implementation
i.

Malaysian Water Partnership (MyWP), in collaboration with Global Environment
Centre (GEC) and National Disaster Management Agency (NADMA), has
organized a workshop on Enhancing Participation in Flood Disaster Preparedness
through Community-based Hazard Mapping. The project aims to enhance local
community participation in disaster preparedness.

The program consists of

sharing economies’ best practices, planning for economy-level training, and
adopting training of trainers (ToT) training modules for economy-level application
(APEC, 2019).
ii.

TNB has conducted tabletop exercises to develop a functional community
evacuation in collaboration with APM, NADMA and other organizations and
institutes.

iii. The Malaysia Meteorological Department (MMD) with NADMA conducts activities
related to enhancing extreme weather preparedness with the community.
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4.1.4.4 Gaps
i.

Insufficient details on vulnerability impact studies for all sectors has led to poor
dissemination of existing programs, activities, and information on disaster risk
reduction, particularly preparedness and resilience, including information on
building for flood reliefs.

ii.

A need for continuous engagement to improve resilience/awareness through a
national framework for adaptation action, communication plan and information
dissemination.

iii. Limited awareness and understanding of the full chain of implications of climate
change impacts by key stakeholders in all relevant sectors.
iv. Slow update on rapid development that causes changes in land use and human
activities that may reduce the accuracy of the projected flood maps.
v. Emphasizing the role of community-based for flood preparedness and resilience.
4.1.4.5 What’s Next
Strategy 1: Studies on the full chain impacts of climate change
Conduct detailed studies on the full chain impacts of climate change for all sectors to
better assess vulnerability. From these vulnerability studies, high-risk areas may be
identified for awareness and capacity building programmes to the community and
targeted stakeholders.
Strategy 2: Updated national database or framework for action
Updated national database or framework should be carried out for adaptation action,
communication plan, recovery, response and information dissemination. This includes
information on buildings for relief centres. Preparation and implementation of national
adaptation plans should be undertaken through a strong inter-ministerial and multistakeholder platforms or committees addressing disaster risk reduction that comprises
all relevant sectors, such as planning and finance, education, health, agriculture, food
security, environment, emergency response, appropriately including private sector,
scientific and other civil society representation (WMO, 2009).
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Strategy 3:Strengthen existing regional centres and mechanisms
Strengthen existing regional centres and mechanisms to deal with disaster risk
reduction and risk management for sectors such as water, agriculture, health, and
humanitarian response. Link regional sectoral centres are concerned with adaptation
into a global adaptation network to share sectoral experience for adaptation within and
across regions. Engage existing experienced centres and organizations as front line
actors and institutional partners in adaptation planning and implementation (WMO,
2009).
Strategy 4: Prioritize shared information and tools
Prioritizing information sharing and tools is necessary to enable the rapid development
of national and regional risk and capacity baselines, especially in high-risk areas.
Successful community-based disaster risk reduction and community-based adaptation
initiatives should be supported and replicated to strengthen people’s livelihoods
resilience.
Strategy 5: Strengthen technical institution capacities
Strengthen technical institution capacities at international, regional and national levels
to facilitate the development of standard methodologies and tools found on the best
science and provide climate information and climate projections for adaptation and
disaster risk reduction strategies and measures. (WMO, 2009). This includes
strengthening actions on DRR-CCA (disaster risk reduction-climate change adaptation
linkages).
Strategy 6:Dynamic hazard and risk maps
Dynamic hazard and risk maps are needed for impact assessment and action
planning. Due to the rapid changes in land use and climate condition, risk maps may
be misrepresented.
Strategy 7:Holistic integration of risk reduction
Holistic integration of risk reduction for crisis and disaster preparedness. This includes
the development of disaster risk reduction guidelines and policies as well as a
community-based preparedness plan.
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DROUGHT
There are many ways climate change may contribute to drought. The impact of climate
change includes an increase in temperature and the number of consecutive dry days.
Warmer temperatures can enhance evaporation, causing the soil moisture to deplete
faster and unavailable for plant uptake.
The FGD about Climate Change Adaptation Framework on Water Sectors highlighted
several issues related to drought as highlighted in the following sections.
Water Management
4.2.1.1 Knowledge
i.

Water management is an important issue concerning the impact of climate
change. Shared understanding relating to water management and climate change
includes matters on data and operation. Managing data and operation widely
involves various field, and integration of disciplines and management are needed.
Some of the important ones are managing and monitoring rainfall, sea level, flow,
and water quality. A complete view of climate change impact and strategies for
Malaysia is available in the Third National Communication (NC3) and Second
Biennial Update Report (BUR2).

ii.

NAHRIM has conducted studies to assess the impact of global climate change in
the 21st century on the hydroclimate of Peninsular Malaysia, Sabah and Sarawak
in terms of air surface temperature, rainfall, evapotranspiration, soil water storage,
and streamflow. Two main studies that had been conducted during the Ninth
Malaysia Plan (2006-2010) and Tenth Malaysia Plan (2011-2015) are as
mentioned in Section 4.1.1.1 (ii) The SRES IPCC AR4 global historical
atmospheric databases and global future climate simulation databases are used
for the assessment of the impacts for both studies. At the same time, the National
Water Resources Study (2000-2050) found that smaller catchments with high
pollution are more exposed to water stress and droughts.

iii. NAHRIM has developed dry spell and seasonal rainfall maps derived from
simulation results of annual drought and water yield based on the IPCC AR4
climate change scenario. This map has been used for vulnerability and adaptation
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assessment in TNC. In addition, a similar map based on the IPCC AR5 climate
change scenario is being developed.
4.2.1.2 Management
i.

Integrated River Basin Management (IRBM); The Integrated River Basin
Management (IRBM), as mentioned in 4.1.1.2 (iii), also addresses drought
problems and the management of water resources. It requires improved
professional capability and increased financial, legislative, managerial, and
political capacity (DID, 2017b).

ii.

Malaysia Dam Safety Management Guidelines (MyDAMS), as mentioned in
Section 3.3.1.2 (i), aimed to serve as a source of information and to provide
guidance on the latest dam safety best management practices (BMPs) for entities
involved in the local dam industry. Inspection of usual or special emergencies is
considered in the guidelines where a prolonged drought is categorized as a special
hazard assessment of a particular dam event to determine the need for preventive
or remedial actions.

iii. Drought monitoring program was initiated by DID in 2001 to provide drought
information and a warning system. It was established following the 1998 drought,
which affected many residents, especially in the Klang Valley. There are currently
21 dam-level stations, 22 river water level stations, and 48 rainfall stations that
provide real-time data on dam storage, the river flows, and rainfall. The information
is shared via DID’s web portal to relevant agencies and the public.

Such

information is fundamental for issuing an early warning on potential drought and
making early preparation to face drought episode (MESTECC, 2018).
iv. N-HyDAA, as mentioned in Section 4.1.1.2 (iii), is a climate change knowledge
portal for Malaysia developed using Big Data Analytics technology that optimized
the use of downscaled hydro-climate projected data for analysis, planning and
management purposes and supports decision making in addressing the impacts
of climate change in Malaysia. The projected rainfall and temperature helps predict
drought affected by climate change.
v. DID has prepared an Environmentally Friendly Drainage Master Plan (PISMA) for
several cities in the country to help the government deal with flash floods. Through
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PISMA, many reservoir and ponds have been built to overcome the problem of
flash floods.
vi. Dry

spell

and

seasonal

rainfall

maps

derived

from

simulation

by

SEACLID/CORDEX Southeast Asia.
4.2.1.3 Implementation
i.

The National Water Balance System (NAWABS) was developed by the DID to
provide a comprehensive river basin management tool and better-informed
planning and operational decisions. The core components of NAWABS are
hydrological, hydraulic and basin allocation models used initially to assess the
current water availability and demands on a basin scale and determine water
management strategies to ensure adequate future supply (Husain et al., 2017). In
addition, SPI was used to predict the probability of precipitation at any time scale.

ii.

Cloud seeding has been conducted by various agencies to increase dam levels
during droughts incidences by LUAS, BKSA Negeri Sembilan, etc.

4.2.1.4 Gaps
i.

Fragmented in management and governance; Fragmented jurisdictions and
decision-making structures can result in destructive competition and/or a lack of
systematic cooperation that can hamper effective resource management and
environmental planning.

The value of local autonomy and stakeholder

participation should not be underestimated. Political fragmentation can make
disaster management more challenging.
ii.

Dam operation and management; Changes in dam operation and management
may hinder disaster management, such as standard procedures if updates and
continuation of management plans are unavailable. Optimizing dam water levels
to balance water stress and water disasters such as flooding downstream is a
challenge for dam operators.

iii. Consolidated

database

management,

analysis

and

modelling;

Data

consolidation refers to collecting and integrating data from multiple sources into a
single destination. Data related to disaster management, particularly flood, are
associated with multiple sources of agencies. It is essential to consolidate data,
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analysis and modeling to ease stakeholders and decision-makers in making a wise
decision.
iv. Transparent Information; Being transparent means making information quickly
known and accessible whenever possible. Information should be made available
to other parties outside of an organization. Transparency operates so that it is
easy for others to obtain meaningful information for analysis or decision making.
v. There are insufficient priority and detailed analysis on impacts of a dry spell on
dams and reservoirs.
4.2.1.5 What’s Next
Strategy 1: Introduce total water management/accountancy
Total water management and accountancy concerning drought involve capturing and
integrating information, particularly on the weather forecast and optimizing water levels
of dams. It is also timely to use water conjunctively by exploring alternative resources,
particularly groundwater, rainwater harvesting and reclaimed water.
Strategy 2: Enhance knowledge of drought impact
Enhancement of knowledge shall include analyzing projected dry spells for
vulnerability assessments based on seasonal rather than annual scale and high spatial
resolution. It is timely to develop seasonal projected dry spell maps that are suitable
for vulnerability assessments at subbasin and local scales.
Strategy 3: Intensify studies on the impact of climate change on dams
Intensify studies on the impact of climate change on dams for electricity generation
and water supply. This is due to insufficient priority and detailed analysis of impacts of
a dry spell on dams and reservoirs, such as optimization between excess water and
drought and the efficiencies on electricity generation capacity.
Strategy 4: Develop a National Drought Policy (NDP) and action plan
The NDP should be linked with a national adaptation plan. The UNFCCC states that
all developing countries are invited to establish National Adaptation Plans (NAPs).
NAPs are an emerging concept to plan and prioritize national adaptation activities. The
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NDP should also be linked to disaster risk reduction (DRR) by considering the
inextricable linkage between drought management and flood.
Strategy 5: Strengthen technical institution capacities
Strengthening the capacity of technical institutions at international, regional and
national levels is crucial to facilitate the development of standard methodologies and
tools prepared based on the best science. Moreover, the institutions are responsible
for providing climate information and climate projections for adaptation and disaster
risk reduction strategies and measures (WMO, 2009). All this should be in accordance
with drought management and dam operation to optimise dam water levels' operation.
Drought Preparedness
4.2.2.1 Knowledge
i.

The application of climate change factor and projected climate data is crucial for
designing and managing reservoirs. Climate modelling is an important tool to aid
the development of science-based adaptation and mitigation measures. According
to the Intergovernmental Panel on Climate Change Fifth Assessment Report
(IPCC AR5), there is a significant knowledge gap in the regional assessment for
Southeast Asia (IPCC, 2014). This is mainly due to the limited resources for
comprehensive climate downscaling exercise in the region.

ii.

In Malaysia, regional climate modelling is carried out by NAHRIM, MetMalaysia,
School of Environmental and Natural Resource Sciences of National University of
Malaysia (Universiti Kebangsaan Malaysia, UKM) and Institute of Ocean and
Earth Sciences of University of Malaya. UKM spearheads the lower resolution
Southeast Asia regional climate modelling collaboration, and NAHRIM leads the
higher resolution climate modelling work for the country. NAHRIM developed the
Watershed Environmental Hydrology-Hydroclimate Model of Peninsular Malaysia
(WEHY-HCM-PM) to better understand the hydrological processes at the
watershed scale (MESTECC, 2018).

iii. Guidelines for Monitoring Heat Wave. There are many significant implications of
heat waves, including additional electricity, domestic and agricultural water
consumption, and the demand for public health services due to heat-related
illnesses. Each country has different thresholds to determine one heat wave event
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based on the long-term maximum daily temperature and other climatic data. In
Malaysia, heat waves are defined when the daily maximum temperature exceeds
37 ° C for three consecutive days. There are four stages in monitoring heat waves
involving daily maximum temperatures in Malaysia developed by the MetMalaysia
Department (MMD, 2020).
iv. Continued improvement of sea level rise projections is being carried out. This uses
inputs from CMIP5 climate models, which include the four RCPs scenarios in the
IPCC’s AR5. In addition, sea surface temperature projection is also being carried
out. The projected sea level rise and surface temperature are expected to improve
the sectoral vulnerability and adaptation assessments.
v. The combined effect of drought and SLR could accelerate saltwater intrusion into
the river. A high level of salinity could pose adverse impacts to the ecosystem and
its services, including disrupting the water treatment plant operation.
4.2.2.2 Management
i.

The Ministry of housing and local government has gazetted the implementation of
the rainwater harvesting and utilization system (SPAH). The requirement for
installing SPAH has been added in the amendments of Uniform Building by Law
1984 (UBBL).

ii.

At present, MetMalaysia focuses on improving the modelling capability for the
short-range weather forecast from hours to days. As resources are limited,
MetMalaysia does not play a major role in climate change modelling.

iii. A National Open Burning Action Plan and the National Haze Action Plan have
been activated to coordinate measures by government agencies in addressing
open burning and haze indirectly associated with dry weathers and drought.
4.2.2.3 Implementation
i.

The hybrid off river augmented system (HORAS) project and pumping operation
from alternative ponds to Selangor river (OPAK) have been initiated by the
Selangor Water Management Authority (LUAS) to overcome water supply
shortage during dry seasons.

ii.

Infokemarau is a DID’s website that aims to assist relevant agencies in making
early preparation in facing drought events by promoting the 'Non-Structural
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Measures' approach.

The website helps disseminate water resources status

online, provide early warning on potential drought, and share technical advice to
cope with drought.
iii. MetMalaysia has implemented cloud seeding over catchment areas to promote
rain during hot and dry days.
iv. Heatwave Estimation and Analysis of Temperature (HEATS) was initiated by
METMalaysia.
v. Drought Monitoring through Laporan Kemarau, Fire Danger Rating System
(FDRS) was also established by METMalaysia.
4.2.2.4 Gaps
i.

Costly rainwater harvesting implementation relative to the water tariff. This is the
main factor causing rainwater harvesting in a residential area less attractive. There
is also a complaint about the poor maintenance of the rainwater harvesting
facilities in residential areas and public buildings.

ii.

Issues on space availability for -river storage, including land acquisition and
siltation, must be aptly addressed.

iii. Limited understanding or knowledge on climate change impact. This includes the
acceptance by the local people towards standard operating procedures related to
climate change impact implemented by authorities. For example, farmers may be
reluctant to follow the planting allocated time frame proposed by the authorities
such as MADA or KADA.
iv. Shortage of assessment on the impacts of drought and other adaptation measures
4.2.2.5 What’s Next.
Strategy 1: Explore and implement alternative water supply systems
This includes a detailed study on alternative water resources such as rainwater
harvesting, groundwater, off-river storage and desalination. This is important for
drought preparedness, particularly related to fire hazards and others disaster
mitigation.
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Strategy 2: Feasibility study on underground aquifer recharge
It is most opportune to carry out feasibility studies on managed underground storage
or aquifer recharge is needed. Construction of underground storage or aquifer will be
able to reduce evaporation. In addition, the land surface can still be used for other
purposes.
Strategy 3: Enhance and improve drought early warning system
Improving the existing system may help in better preparation and immediate action
plans. With early months detection of a drought event, optimization of dam water levels
may be implemented. Improvement of the modelling capability for the medium-range
weather forecast from week to six months.
Strategy 4: Public awareness programs
Among others, public awareness entails educating the public on SOPs implementation
developed by the authorities, such as the irrigation and planting seasons of paddy,
which need to follow strict scheduling and procedure to optimize the water
consumption.
Strategy 5: Studies on the impact of drought on all sectors
More impact studies of drought in all sectors are needed. The studies should use the
output from the climate projection models and aim at helping the public and industries
to cope with droughts.

WATER POLLUTION
Deteriorating water quality is another consequence of climate change. An increase in
the runoff due to higher rainfall intensity and frequency of flood can affect water quality
associated with accelerated erosion, landslide, and bank erosion, which finally leads
to sedimentation downstream. Other forms of non-point sources of pollution include
overflow from treatment ponds and wash off from agricultural lands, road and
highways, construction sites and other impervious surfaces.
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The Focus Group Discussion (FGD) highlighted several issues of water pollution,
which are including (i) water quality, (ii) ecosystem and biodiversity, and (iii) health
issue/water-related illness.
Water Quality
4.3.1.1 Knowledge
i.

NAHRIM is conducting a pollution inventory and water quality monitoring for Muar,
Juru, Batu Feringghi and Melaka river basins. In addition, the DOE is undertaking
water quality monitoring for the whole of Malaysia.

ii.

Water quality is affected by droughts and floods, which in turn will affect
aquaculture production. Disease outbreaks have been observed due to the
deterioration of water quality (MESTECC, 2018).

iii. Water, sanitation and hygiene (WASH) is a challenging issue during a disaster.
The WASH sector is already affected in many different ways by weather and
climate events (such as variability, seasonality and extreme events). This
translates into negative impacts on drinking water availability and quality and the
negative performance of sanitation and hygiene services. Future studies should
emphasize sustaining health and well-being related outcomes (UNICEF, 2014).
iv. Land clearing, unsustainable farming and construction activities often lead to high
sediment concentration in rivers, especially during wet days. On the other hand,
urbanization could lead to more severe flood, which is happening more frequently
now.
v. Increase in flood disaster or extreme rainfall events may impact the water quality
of rivers and lakes due to overflow of stormwater and sewerage systems.
4.3.1.2 Management
i.

Integrated River Basin Management (IRBM); The Integrated River Basin
Management (IRBM), as mentioned in 4.1.1.2 (iii), also address problems related
to water quality. IRBM is geared towards integrating and coordinating policies,
programs, and practices related to water and river-related issues. It requires
improved professional capability and increased financial, legislative, managerial,
and political capacity (DID, 2017b).
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ii.

DOE, NAHRIM, DID, and LUAS are currently undertaking the Total Maximum
Daily Load (TMDL) Plan. TMDL is one of the best approaches for river
management to achieve a desired water quality level or comply with specific
standards. The TMDL approach considers both point and none point sources.

iii. MSMA has provided a stormwater quality design criterion as well as an erosion
and sediment control plan to reduce the environmental impact of non-point source
pollution (NSP).
iv. NAHRIM has developed an Integrated Lake Basin Management (ILBM)
conceptual framework that assists lake basin managers and stakeholders in
achieving sustainable management of lakes and their basins. The basis of ILBM
is the concept of “Lake Basin Governance’’ that embraced six pillars: Institution,
Policies, Participation, Technology, Information and Finance (Sharip, Suratman,
& Shaaban, 2016).
4.3.1.3 Gaps
i.

Unconsolidated database/data management, analysis, and modelling. Data
consolidation refers to the collection and integration of data from multiple sources
into a single destination. Water quality data are collected and managed by various
agencies. It is essential to consolidate the data management and maximise the
use for various analysis and modelling.

ii.

Non transparent Information. Being transparent means making information
continuously known and accessible whenever possible. Information should be
made available to other parties outside of an organization. Transparency operates
in such a way that it is easy for others to obtain meaningful information for analysis
or decision making in this case, particularly to water quality during flood or drought.

4.3.1.4 What’s Next
Strategy 1: Total water quality management and database
Introduce the total water quality management and database in capturing and
integrating information related to water quality for data and information consolidation
across agencies. This includes real-time water quality monitoring and assessment
program for the major river basins.
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Strategy 2: Strengthen technical institution capacities
Strengthen technical institution capacities at international, regional and national levels
to facilitate the development of standard methodologies and tools founded on best
science to provide WASH best practices during a disaster. This includes coupling
water quality modelling with climate change factor.
Strategy 3: Identify areas at risk
Identify areas at risk of water pollution during pre- and post-disaster, and consequently
plan for disaster risk reduction strategies through state and federal governments and
NGOs to improve WASH within the identified locations.
Strategy 4: Investing in low-cost technology
Investing in government or international funds for low-cost technology and local R&D
for WASH tools, mainly intended for disaster relief operations. UNICEF (2014)
highlights the importance of knowing what funding opportunities are available to
underpin climate-resilient development. Domestic public finance and state budgets
alongside Overseas Development Assistance (ODA) have been and will remain, as
key sources, although the importance of each will differ from country to country.
Funding is also available from NGO, philanthropic and private sector sources. The
emergence of international climate finance brings additional funds, and maximizing
leverage from these funds will bring added benefits to the WASH sector. In some
regions, funding to the water sector from global climate funds has begun to exceed
that from climate change-related ODA.
Strategy 5: Develop or review of SOPs and guidelines
It is necessary to develop and review the SOPs and management guidelines related
to water quality, climate change and disaster (WASH procedures) for continuous
improvement. Clear SOPs and guidelines are crucial to facilitate emergency response
units, NGOs and volunteers during disaster reliefs operations.
Strategy 6: Implement sustainable eco-based treatment during a disaster
Explore and implement sustainable eco-based water quality or pollution control
treatment technologies during a disaster. Sustainable and environmentally friendly
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treatment technologies may help sustain the natural ecosystem and safe water supply
resources during a disaster.
Ecosystem and Biodiversity
4.3.2.1 Knowledge
i.

NAHRIM has prepared National Lake Water Quality and Standards (NLWQS) for
Malaysia lake water. It is essentially a user-specific water quality requirement for
different protection purposes. The criteria are intended to provide the required
information in making judgements to the suitability of lake water for human
protection, recreational purposes and ecosystem health. However, no climate
change components were included in the standards.

ii.

Changes in SST and ocean acidity will affect both the coastline terrestrial and
marine environments. For the latter, increases in SST and acidity may alter the
distribution and composition of marine ecosystems, affecting the coastal
vegetation and fisheries resources (MESTECC, 2018). The common impacts of
SST include coral bleaching, coral reef die-off, losses of mangrove habitat and
deterioration of sea-grass meadow. Experts have suggested that 30% of biodiversities should be protected.

iii. Under the Eleventh Malaysia Plan (2016-2020), coastal vulnerability assessment
is further expanded to include the components of SST. The research, undertaken
by NAHRIM in collaboration with UKM, seeks to update the Malaysia SST
projections based on the findings of the IPCC AR5 and its two RCP emission
scenarios (MESTECC, 2018).
iv. Research institutions of the fisheries sub-sector have been conducting a two-year
course in capturing fisheries technologies, marine aquaculture, fish culture and
marine engineering. Further emphasis is put on developing aquaculture fisheries
to secure supplies of fish products with the introduction of a certificate course at
the end of 2015 (MESTECC, 2018).
v. Blueprint for lakes and reservoirs research and development prepared by
NAHRIM. The blueprint has included climate change as major components in
lakes and reservoirs (dam) research.
vi. DOE recently introduces the Malaysia Marine and groundwater water quality
standards and Index.
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vii. Biodiversity loss is a climate crisis, biodiversity including riverine, flora and coral
bleaching, are impacted by climate change.
4.3.2.2 Management
i.

The Department of Fisheries Malaysia currently monitors sea water temperature
and is planning to establish a monitoring system in the form of a dashboard.

ii.

NAHRIM has developed an Integrated Lake Basin Management (ILBM)
conceptual framework that assists lake basin managers and stakeholders to
achieve sustainable management of lakes and their basins. The basis of ILBM is
the concept of “Lake Basin Governance’’ that embraced six pillars, incorporating
Institution, Policies, Participation, Technology, Information and Finance (Sharip,
Suratman, & Shaaban, 2016).

iii. Blueprint for lakes and reservoirs research and development was prepared by
NAHRIM in 2014. The blueprint has included climate change as major
components in lakes and reservoirs (dam) research. In addition
iv. DOE recently introduces the Malaysia Marine and groundwater water quality
standards and Index.
4.3.2.3 Implementation
i.

Currently, the Department of Fisheries is assessing and disclosing coral areas
affected by mass bleaching.

ii.

The Department of Fisheries is also planning to introduce a ‘close season’
approach to increase the resilience of habitat areas.

4.3.2.4 Gaps
i.

Unconsolidated database/data management, analysis and modeling. Data
consolidation refers to the collection and integration of data from multiple sources
into a single destination. Data and information related to ecosystem and
biodiversity need to be shared inter-agencies. It is essential to consolidate data
and analysis to ease stakeholders and decision-makers in conducting research
related to ecosystem and biodiversity.
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ii.

Limited awareness of the impact of climate change on natural ecosystem and
biodiversity loss amongst the public, practitioners, and decision-makers. This
includes the impact of water quality changes due to plant operations.

iii. Unavailability of specific policy or guideline on climate change impacts to
ecosystem and biodiversity.
iv. Limited research regarding biodiversity and climate change, such as detail
modelling on the interaction between atmospheric and sea, the impact of saltwater
intrusion on the river system and ecosystem alteration due to SLR and impact on
marine and coastal resources.
v. Insufficient monitoring station for assessing changes in the seawater environment
such as temperature, water quality, salinity and other parameters deemed
important to the ecosystem and biodiversity.
vi. Community-based riverine biodiversity monitoring is needed to incorporate
community roles and responsibilities.
4.3.2.5 What’s Next
Strategy 1: Consolidating data and information
Develop or improve database and management by consolidating data and information.
Data and information may be shared across agencies, such as real-time water quality
monitoring and assessment program for the major river basins. Water quality
modelling, coupled with climate change factor in the country, are limited and need to
be strengthened.
Strategy 2: Investment and fund allocation for the conservation
Investment and fund allocation for the conservation of ecosystem and biodiversity at
risk of climate change include increasing protected areas to act as Noah Arc, marine
protected areas (MPA) connectivity and MPA management plan.
Strategy 3: Promote understanding of the community’s economic and social
vulnerability
It is high time to promote understanding of the community’s economic and social
vulnerability when confronted with changes in biodiversity and losses of natural
resources resulting from climate change (local or otherwise). Knowledge about
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biodiversity and climate change must be shared as a requisite for raising awareness
of adaptation actions. This can be implemented by embedding necessary contents in
school curricula or co-curriculum activities via the internet (e.g. webinar, YouTube),
providing support for climate change-related conferences and events and planning for
workshops to share best practice knowledge in different sectors (e.g. agricultural
industries and rural community’s workshop).
Strategy 4: Incorporate plans and strategies to policy
Attempts must be made to incorporate into policy, regional planning processes and
operation adaptation strategies that deal with climate change concerning biodiversity
impacts and adaptation, protected area management plans, natural resource
management and public investment opportunities. Small and medium businesses and
state governments must be encouraged to implement climate change projects, such
as Agricultural Extension Program as organized by the Food and Agriculture
Organization United Nation, NGOs or local authorities such as in Northern Ghana,
Switzerland, and others.
Health Impacts
4.3.3.1 Knowledge
i.

The Intergovernmental Panel on Climate Change (IPCC) Special Report on Global
Warming of 1.5°C is based on the assessment of the available scientific, technical
and socio-economic literature relevant to global warming, and it is a key scientific
input into the Katowice Climate Change Conference 2018 (IPCC, 2018). This
report had outlined the significant findings on climate-related risks to health,
livelihoods, food security, water supply, human security, and economic growth.

ii.

The fourth edition of the UN Environment Adaptation Gap Reports published in
2018 also focused on providing policy-relevant information to support efforts to
adopt the Paris Agreement (UNEP, 2018). This special health report mainly
outlined the global adaptation gap of climate change in the health sector, followed
by a specific focus on three key areas of climate-related health risks: heat and
extreme events, climate-sensitive infectious diseases, and food and nutritional
security.
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iii. Climate change would increase the probability of extreme drought, precipitation
deficits, and risks associated with water availability in some warmer regions
(Hoegh-Guldberg et al., 2018), and health-related impacts could increase
particularly in sub-Saharan Africa, Latin America and Southeast Asia (Gasparrini
et al., 2017; UNEP, 2018). Under the highest emission scenario, temperaturerelated excess mortality in Southeast Asia is projected to escalate, reaching 12.7%
by the end of the century (Gasparrini et al., 2017).
iv. Southeast Asia region is also highly vulnerable to increased flooding in the context
of sea level rise and heavy precipitation (IPCC, 2018). The assessment of
healthcare facilities vulnerability to climate change within 15 river basins in
Peninsular Malaysia showed the number of healthcare facilities vulnerable to
severe floods increases to 58% in 2030 and 76% in 2050 (Kamesh et al., 2019).
iv. Risks for some vector-borne diseases (VBDs), such as malaria and dengue fever,
are projected to increase with warming from 1.5°C to 2°C, including potential shifts
in their geographic range (Hoegh-Guldberg et al., 2018). While Malaysia had
achieved zero indigenous human malaria cases since 2018, the zoonotic malaria
cases due to P. knowlesi continue to be reported, and the risk of imported malaria
remains a concern (WHO, 2019).

Urbanisation and climatic factors such as

rainfall, humidity and temperature have been associated with dengue transmission
and outbreak (Hii et al., 2016; Jayaraj et al., 2019).
v. Risk of climate-sensitive health outcomes such as diarrhoea and other food waterborne diseases are related to water and sanitation systems, particularly during and
after flooding, droughts and water scarcity events (UNEP, 2018). Post massive
flood 2014 showed that environmental factors such as non-treated water supply
and inadequate wastewater management, are associated with confirmed typhoid
cases (Akhir et al., 2018).
4.3.3.2 Management
i.

Malaysia had obliged to International Health Regulations (IHR) 2005 since 2007,
in which the focus is on public health governance to improve global health security
and cooperation in emergencies for early detection and to strengthen public health
surveillance and response capacities (WHO, 2016). The Asia Pacific Strategy for
Emerging Diseases and Public Health Emergencies (APSED III) reflects the all-
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hazards approach adopted by the Asia Pacific region and incorporates the lessons
learnt from the actual event.
ii.

Malaysia’s national work plan was developed for the APSED in 2012 to provide a
common framework for action in Malaysia for the implementation and
strengthening of the IHR (2005) for detecting, preparing and responding to
infectious diseases as well as to public health emergencies such as natural
disasters caused by floods, earthquakes, tsunamis, mass casualties, and
chemical emergencies (MOH, 2017; WHO, 2017). The second Malaysian Strategy
for Emerging Diseases (MySED) II Workplan (2017-2021) was then designed to
provide a high-level framework that can give a common direction and approach to
detail hazard-specific strategies, including biological and natural hazards. Climate
change and the water sector are incorporated in this work plan under Focus Area
2: Surveillance, Risk Assessment and Response (MOH, 2017).

iii. The Ministry of Health has established the Crisis and Disaster Management Plan
in 2015. This includes guidelines on internal emergency preparedness plan for
hospitals

and guidelines

on

flood Management.

The integrated flood

management, haze and heatwave action plan are among the MOH response at
the national and local level to improve public health status and ensure
uninterrupted health services during the events.
iv. The integrated vector management and surveillance of VBDs is directed in the
National Malaria Elimination Strategic Plan (NSPEM) 2011-2020 and National
Dengue Strategic Plan (2016-2020). Malaysia’s accomplishment of malaria
elimination is being highlighted through these key roles; ensuring prompt malaria
diagnosis, treatment and surveillance in remote, hard-to-reach regions (WHO,
2019). The updated National Dengue Strategic Plan is being strategized through
a dengue surveillance system, early detection and treatment for dengue,
prevention and control activity, integrated vector management, social mobilization
and communication, enforcement of law and regulations, capacity building and
research.
v. The National Drinking Water Quality Standards, 2000 is developed based on
scientific evidence on water quality, as well as new chemicals found in drinking
water and in accordance with further technology development (MOH, 2004). The
limits of drinking water quality standards were set for the constituents that may be
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present in water, which may be hazardous to health or objectionable to the
physical senses of the consumer. As water management involved a multi-agency
approach, the raw water quality criteria also included in this document as a
guideline in achieving the drinking water quality standards. Severe seasonal/
weather conditions such as drought and flooding are the hazardous events of
climate change addressed in the Water Safety Plan for Rural Water Supply (MOH,
2011). This plan is developed to ensure the safety of drinking water by using a
comprehensive

risk

assessment

and

risk

management

approach

that

encompasses all steps in water supply from catchment to consumer.

4.3.3.3 Implementation
i.

Outbreaks and public health emergencies caused by emerging infectious
diseases, impacts from natural disasters, and unsafe food and water is recognised
as a threat to health security in the Western Pacific region as well as in Malaysia
(MOH, 2017). In response to these public health emergencies, Crisis
Preparedness Response Centre (CPRC) was initiated by MOH in 2007 under the
9th Malaysia plan. CPRC is introduced to improve disaster preparedness includes
public health adaptation measures to climate change by enhancing and sustaining
health services, initiating preparedness and response plans, monitoring and
disease surveillance, and capacity-building.

ii.

Prevention of the health impacts in climate-related extreme weather events, such
as flood, heatwave and droughts, requires different levels of actions from
healthcare system preparedness and response to multi-agency coordination and
stakeholder

engagement.

Coordination

with

other

agencies

such

as

meteorological early warning systems to the public and incorporating health
promotion is significant to reduce the impacts on health. MOH adopts adaptation
measures to enhance and sustain health services, preparedness and response
plans, monitoring and disease surveillance, and capacity-building. MOH invested
in making climate-resilient healthcare systems to upgrade, relocate, or redesign
the existing healthcare facilities that are frequently affected by floods under the
Eleventh Malaysia Plan.
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iii. VBDs are addressed through the national committee and task force involving
interagency collaboration to strengthen the preparedness and response capacity
to detect cases and outbreaks for immediate action. Structured early warning and
real-time web-based surveillance systems have been established with integrated
vector management, early detection and prompt treatment, preparedness and
response to outbreaks, community and social mobilization, capacity building and
research.
iv. MOH implements a water supply and environmental sanitation program to prevent
and control infectious diseases and waterborne food diseases through safe water
supply and sanitation systems. The water safety activities include protecting water
sources, treatment of water, sanitary survey, monitoring, reporting and remedial
action procedures. In extreme weather events, such as flood and droughts,
preparedness and response by the local health department for water quality and
sanitation are planned based on the MOH health management guideline for those
events. Activities such as water sampling, chlorination, environmental cleaning,
and disinfection are deliberate for preventing and controlling climate-sensitive and
water-borne food diseases.
v. Health impacts from climate change and the water sector are becoming better
understood through recent research and are estimated to be significant. Institute
of Medical Research is steering capacity building on the prediction and modelling
of climate change and health. This aims to expand the scientific evidence of health
impacts using climatic models to predict climate-sensitive disease. Climate
modelling and public health adaptation assessment also enabled MOH to design
adaptive capacity and climate-resilient healthcare facilities.
4.3.3.4 Gaps
i.

Most VBDs is prevented through a well-implemented vector control program.
However, despite extensive efforts by the MOH and other relevant agencies, the
prevention and control of vector-borne disease remain a challenge, particularly for
the engagement of local communities and the private sector.

ii.

Projections of climate-sensitive diseases with climate change are rather difficult
due to the extreme complexity of the disease cycles and the drivers. Models for
the projection of the future burden of climate-sensitive diseases also have some
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levels of uncertainty. Knowledge gaps within climate-sensitive diseases
epidemiology, prevention and treatment require further research, with coverage of
data high burden of disease locality and to consider urbanization factors.
iii. Demand for water increases and water resources' sustainability is contributed by
climate-related extreme weather events. Pollution from industry had been
identified to deplete water resources. Water safety during need multi-agency
coordination for the strategic management plan, for example, in the event of a
water quality hazard outbreak.
4.3.3.5 What’s Next
Strategy 1: Disaster management plan for outbreak
The disaster management plan needs to be implemented for pollution outbreak
affecting public health, for example, in Sg. Kim Kim pollution outbreak. Therefore,
climate-related adaptation strategies must be considered concerning broader
characteristics – such as population growth, poverty, sanitation, health care, nutrition,
and environmental degradation – that influence a population’s vulnerability and
capacity to adapt.
Strategy 2: Improving public health infrastructure
Rebuilding and maintaining public health infrastructure are often viewed as the “most
important, cost-effective and urgently needed” adaptation strategy. This includes
public health training, more effective surveillance and emergency response systems,
and sustainable prevention programs.
Strategy 3: Access to technology in key sectors
Access to technology in key sectors and settings (e.g., agriculture, water resources,
healthcare, urban design) is an important determinant of adaptive capacity. Many
health-protecting adaptive strategies involve technology – some of which is well
established, some new and still being disseminated, and some still being developed
to enhance coping with a changing climate.
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Strategy 4: Institutional collaboration and stakeholder engagement
Collaboration between public and private sectors can enhance adaptive capacity. For
example, the Medicines for Malaria Venture – a joint public-private initiative to develop
new antimalarial drugs – is developing new products to be used by developing
countries. Countries with weak institutional arrangements have less adaptive capacity
than countries with well-established institutions.

SUMMARY
Adaptation strategies or actions have been listed according to three main sub-fields
under water-related disaster. They are flood, drought, and water pollution. Several
important and significant issues were also highlighted and mutually agreed upon by
various agencies that have participated in preparing this framework. The issues are
water management, flood control structures, reliable early warning system and
weather forecast, preparedness and response, resiliency, water quality, ecosystem
and biodiversity, and health impacts.
The issues were discussed according to the five components of knowledge,
management, implementation, gaps and actions (What’s next). The discussions and
information related to knowledge are any understanding or knowledge of reports or
publications related to the issue and climate change impact. The issues under the
management component are - but not limited to any current or planned guidelines,
policy, and manual identified related to the issue. Issues under implementation are –
but not limited to any soft or hard mitigation or adaptation strategies undertaken by
any organization/agency in disaster risk reduction and climate change. Gaps are any
information on things that should be done and are missing to reduce the impact or
adaptation of climate change.
Some of the similar and significant gaps across the issues are consolidated
database/data management, fragmented management and governance, limited
guidelines or policy incorporating climate change, and investment or budget for
disaster risk reduction.
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Knowledge

Issues

Gaps

What’s next

i. Fragmented management governance

4.1.1 Water management

S1: Total water management

ii. Operation/management change

S2: Information System

iii. Consolidated data/model/analysis

S3: SOPs/Guideline reviews

iv. Policy friendly technical report

S4: Long-term Plan and Platform

v. Transparent information
i. Non-inclusion of climate change factor in design
guideline
4.1.2 Flood Control Structures

iii. Top-down approach – traditional coping mechanism

v. Sharing of river related database

community-based system
S3: Investment and international funds

iii. Communicating information and coordination

4.1.4 3Rs
Ready/Response/
Resilience

assessment

S4: Improve rural monitoring system
S5: Established remote sensing data

iv. In-immediate actions and respond
impact

S5: Twofold policy response

S2: Effective forecast and early warning system including

ii. Un-gauged or poorly gauged catchment

i. Insufficient
dissemination

S4: Established accessible database

S1: Established accessible database platform

i. Unconsolidated information
4.1.3 Early Warning System/
Weather Forecast

S2: Review of existing design and guidelines
S3: high resolution coastal hydrodynamic simulation

ii. Costly and failure of structural schemes

iv. Insufficient coastal hydrodynamic simulation

4.1 FLOOD

S1: People-friendly flood management program

S1: Detailed studies on CC impact for all sectors
&

information

ii. Continues engagement through national framework
iii. Lack of knowledge on CC impact by key stakeholders

S2: Complete National database/framework for adaptation and
communication
S3: Strengthen existing centers/institutions and mechanisms
S4: Dynamic hazard and risk maps incorporating climate change
impact
S5: Holistic integration of risk reduction for crisis and disaster

iv. Projected flood maps accuracy

preparedness
S6: Support replication of successful initiatives

Figure 4.7 Summary of the gaps and their corresponding strategies for water-related disasters - flood
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Knowledge

Gaps

Issues

i. Fragmented management governance
ii. Operation or management change
4.2.1 Water
management

iii. Consolidated data/model/analysis
iv. Transparent information

What’s next

S1: Total water management
S2: Drought vulnerability assessment
S3: Climate change impact study to dams
S4: Develop National Drought Policy and Action Plan
S 5: Strengthen best science for drought management and dam
operation

v. Insufficient detailed analysis of dry spells on dam/reservoir

4.2 DROUGHT
i. Costly and unsustainable rainwater harvesting system

S1: Detail study on alternative water resources
S2: Enhance and improve drought early warning system

4.2.2 Drought
Preparedness

ii. Limited space for off river storage

S3: Public awareness programs
S4: Studies on the impact of drought due to climate change

iii. Poor public acceptances on SOPs
iv. Lack of assessment on the impacts of drought and other
adaptation measures

Figure 4.8 Summary of the gaps and their corresponding strategies for water-related disasters – drought
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4.3.1 Water Quality

i. Un-consolidated database/data management,
analysis and modeling
ii. Non-transparent Information
iii. Ineffective WASH implementation

4.3.2 Ecosystem &
Biodiversity

S2: Strengthen institution capacities to improve WASH during disaster
S3: Identify risk area of water pollution during pre- and post-disaster
S4: Investing for WASH tools development
S5: Develop or review of SOPs and guidelines

i. Un-consolidated database/data management
ii. Limited awareness on CC impact to natural
ecosystem and biodiversity loss
iii. No policy or guideline available

4.3 WATER
POLLUTION

S1: Total water quality database – river basin monitoring

S1: Develop/improve database and management
S2: Investment and fund allocation for conservation
S3: Promote understanding of the economic and social vulnerability
S4: Incorporate plans into policy

iv. Limited research
v. Insufficient monitoring station

i. Engagement of public to health program

4.3.3 Health Impact

ii. Complexity of climate sensitive diseases projections
ii. Water quality outbreak coordination

S1: Plan management for pollution outbreak
S2: Improving public health infrastructure
S3: Access to technology in key sectors
S4: Collaboration between public and private sectors to enhance
adaptive capacity

Figure 4.9 Summary of the gaps and their corresponding strategies for water-related disasters – water pollution
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CHAPTER 5
5 SUMMARY: GAPS AND WHAT’S NEXT

Overall, it can be observed that all water sectors – water resources, water utilization,
and water-related disaster have inter-related gaps. Therefore, the suggested
strategies govern, among others, the need to establish comprehensive studies,
improve the existing strategies or measures, identify new alternative strategies,
establish a smart database and many others (as illustrated in Figure 5.1).

Figure 5.1 Main categories of strategies across water sectors - water resources, water
utilization and water-related disaster
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SUMMARY OF GAPS AND WHAT’S NEXT
The summary of gaps and what’s next for each water sectors is presented in Figures
5.2 – 5.4. The time frame expected for completing the proposed actions (what’s next)
is estimated as well. The critical level indicates the urgency in carrying out the
proposed actions of low, medium, and strong.
Furthermore, Figures 5.2 - 5.4 highlight the main strategies for each water sector.
The consideration of selecting the main strategies is based on the strong critical level
that requires urgency to be mitigated by various water stakeholders. The selection of
the main strategies was also made with reference to the KASA Road Map and
immediate potential action by the stakeholders. Figure 5.3 shows the distribution map
of the main strategies for each water sectors into the concluded main strategy
categories.
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Gaps

Sector

River

Sea
Dam

What’s next

Critical level

Lack of understanding on Ecological flow (EF)

Conduct studies on EF using historical and future data

2 years

Strong

Lack of knowledge on impact of barrage on aquatic habitat

Establish studies on barrage impact on aquatic habitat

2 years

Strong

No single agency to enforce

Assign agency to enforce river flow regulation

3++ years

Strong

No studies on low flow impacts

Conduct studies on low flow impact on river characteristic

3 years

Medium

Limited use of RCM models for local climate change impact

Need to explore other RCM models

2 years

Medium

Limited EF analysis

Need alternative EF method such as by entirety analysis

5 years

Strong

Need studies using future projection data

Establish studies on CC impact on water reserves

2 years

Strong

Limited studies on water reserve estimation

Conduct studies for more river basins

2 years

Medium

More encouragement of friends of rivers

1++ year

Medium

Insufficient high resolution coastal inundation maps

Develop high resolution coastal inundation maps

3++ years

Strong

Lack of knowledge on saltwater intrusion impacts

Studies on saltwater intrusion impacts on water resource

7++ years

Strong

Insufficient analysis of dry spell impact

Establish studies on the impact on dams and reservoirs

5 years

Strong

Non-upgradable dam design

Propose and develop adaptable dam design

5++ years

Strong

Figure 5.2 The Gaps and What’s Next for the Water Resources Sector
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Gaps

Sector

Ground
water

What’s next

Time frame

Critical level

Lack of studies on saltwater intrusion and drought

Conduct studies on the impact on GW

3 years

Strong

Insufficient studies on recharge processes and aquifer

Conduct studies on recharge and aquifer characteristics

5 years

Medium

Figure 5.2 (cont) The Gaps and What’s Next for the Water Resources Sector

Gaps

Sector

Water
Supply &
Sewerage

What’s next

Critical level

RMS & ORS

Install more RMS and ORS at prone climatic area

7++ years

Strong

High permissible effluent (sewage & industry) concentration

Revise permissible limit in EQSR

5++ years

Strong

Climate change projection on river carrying capacity

Improve climate change projection (e.g., resolution)

2 years

Medium

Mechanism and regulation on ISTs

Mandatory scheduled desludging of ISTs

5++ years

Strong

Demand management for targeted sustainable per capita

Improve demand management

5++ years

Strong

Financial incentive structure

Develop financial incentive structure for revenue purpose

2 years

Medium

3++ years

Strong

Storage management

Improve effectiveness of storage (i.e., TAPS, bunded
storage)

Storage management

Implement alternative water resources

5++ years

Strong

Conventional water infrastructure

Upgrade existing water infrastructure

7++ years

Strong

Management of river basins shared by many States

Develop river basins framework for adjoining States

5++ years

Strong

Figure 5.3 The Gaps and What’s Next for the Water Service Industry
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Gaps

Sector

Irrigation

Hydropower

What’s next

Time frame

Farm-level adaptation action

Develop & produce resilient crop variety

7++ years

Strong

Difficulty to draw water

Improve existing irrigation infrastructure

5++ years

Strong

Conventional irrigation infrastructures

Establish smart watering crops

3++ years

Strong

Water recycling system

Implement water recycling system

2 years

Medium

Crop rotation

Implement crop rotation

2 years

Medium

Lack of fund in managing affected crops

Utilization of Green Climate Fund

2 years

Medium

R&D in flood resistance crops & resilient infrastructure

Improve resistance crop varieties & infrastructure

2++ years

Medium

Crop-modeling projection

Improve crop-modeling projection (incl. risk assessment)

2++ years

Medium

Collection and storage of excess water

Install complete collection and storage system

2++ years

Medium

SOP and EAP

Improve SOP & EAP

3++ years

Medium

Reservoir surface evaporation

Extensive R&D on control surface evaporation

5++ years

Strong

Study involve only on critical dam

Conduct vulnerability studies for all dams

7++ years

Strong

Dam water quality

Implement Sustainable Management Dam

5++ years

Strong

Hydropower infrastructure (capacity)

Increase capacity of hydropower

7++ years

Strong

Figure 5.3 (cont.) The Gaps and What’s Next for the Water Service Industry
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Gaps

Sector

Fisheries
and Biodiversity

What’s next

Time frame

Adaptation in fisheries security

Adopt resilient adaptations (i.e.,IMTA, sea-farming)

7++ years

Strong

Ecosystem-based fisheries management

Enhance ecosystem-based fisheries management

5++ years

Strong

SOP & ERP

Enhance SOP & ERP to adapt with climate change

3++ years

Medium

Knowledge fishermen on influence of climate change

Enhance knowledge management via DOF, LKIM

2 years

Medium

Conservation and rehabilitation of impacted biotas

Improve rehabilitation management on vulnerable biotas

7++ years

Strong

Data coverage on impacted biotas

Improve information records on biodiversity

7++ years

Strong

Awareness on biodiversity

Enhance awareness programs on aquatic bioD

2++ years

Medium

Research work on mangrove forest and biodiversity

Enhance sustainable forest management

5++ years

Strong

Figure 5.3 (cont.) The Gaps and What’s Next for the Water Service Industry
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Gaps

Sector

Flood

What’s next

Critical level

Fragmented management governance

Total water management

7++ years

Strong

Operation/management change

Information System

5++ years

Strong

Consolidated data/model/analysis

SOPs/Guideline reviews

3++ years

Strong

Policy friendly technical report

Long-term plan and platform

2 years

Medium

Transparent information

People-friendly flood management program

3++ years

Strong

Non-inclusion of climate change factor in design guideline

Review of existing design and guidelines

2++ years

Strong

Costly and failure of structural schemes

High resolution coastal hydrodynamic simulation

2 years

Strong

Top-down approach – coping mechanism unrealized

Established accessible database

2++ years

Strong

Insufficient coastal hydrodynamic simulation

Twofold policy response

3 years

Strong

Sharing of river related database

Established accessible database platform

3+ years

Strong

Unconsolidated information

Effective forecast and early warning system

3+ years

Strong

Un-gauged or poorly gauged catchment

Established remote sensing data

3++ years

Medium

Communicating information and coordination

Improve rural monitoring system

2 years

Medium

Figure 5.4 The Gaps and What’s Next for the Water-Related Disaster
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Gaps

Sector

Flood

Drought

What’s next

Critical level

Immediate appropriate actions and respond

Detailed studies on CC impact for all sectors

5++ years

Strong

Insufficient information dissemination

Complete national database/framework

5++ years

Strong

Continues engagement through national framework

Strengthen existing centers/institutions/mechanisms

2++ years

Strong

Lack of knowledge on CC impact by key stakeholders

Dynamic hazard and risk maps including CC impact

2 years

Medium

Projected flood maps accuracy

Community based risk reduction for preparedness

3++ years

Strong

Support replication of successful initiatives

2+ years

Medium

Fragmented management governance

Total water management

5++ years

Strong

Operation/management change

Drought vulnerability assessment

3++ years

Strong

Consolidated data/model/analysis

Climate Change impact study to dams

3++ years

Strong

Non-Transparent information

Develop National Drought Policy and Action Plan

5 years

Medium

Insufficient detailed analysis of dry spells on dam/reservoir

Strengthen best science for management and operation

5++ years

Strong

Costly and sustainability of rainwater harvesting

Detail study on alternative water resources

3++ years

Strong

Figure 5.4 (cont.) The Gaps and What’s Next for the Water-Related Disaster
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Gaps

Sector

Drought

What’s next

Time frame

Critical level

Limited space for off river storage

Enhance and improve drought early warning system

3++ years

Strong

Public understanding/acceptances on SOPs

Public awareness programs

2 years

Medium

Lack of assessment on drought and adaptation measures

Studies on the impact of drought due to climate change

3++ years

Strong

Insufficient monthly/seasonal weather/climate simulation

Improvement of the modelling capability for medium range

3++ years

Strong

weather forecast from week to 6 months.

Water
pollution

Un-consolidated database/data

Total water quality database – river basin monitoring

5++ years

Strong

Non-transparent Information

Strengthen capacities to improve WASH during disaster

5++ years

Strong

Effective WASH implementation

Identify risk area of water pollution pre- and post-disaster

3++ years

Strong

Limited awareness on CC impact to natural ecosystem

Investing for WASH tools development

2 years

Medium

No policy or guideline available related to ecosystem

Develop or review of SOPs and guidelines

5++ years

Strong

Limited research on impact to ecosystem/biodiversity

Develop/improve database and management

7++ years

Strong

Insufficient monitoring station

Investment and fund allocation for conservation

3++ years

Strong

Challenges in Engaging local communities and private

Promote understanding economic and social vulnerability

2 years

Medium

sectors

Figure 5.4 (cont.) The Gaps and What’s Next for the Water-Related Disaster
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Sector

Gaps

What’s next

Time frame

Complexity of climate sensitive diseases projections

Incorporate plans into policy

3++ years

Strong

Water quality outbreak coordination

Plan management for WQ outbreak

2++ years

Strong

Rebuilding and maintaining of public health infrastructure

2++ years

Strong

Access to technology in key sectors and settings

2 years

Medium

Collaboration to enhance adaptive capacity

2++ years

Medium

Community based monitoring

3++ years

Strong

Figure 5.4 (cont.) The Gaps and What’s Next for the Water-Related Disaster
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MAIN STRATEGIES FRAMEWORK
The main strategies for the water resource, water utilization and water-related disaster
are summarized in Tables 5.1 – 5.3. For the water resources sector, the strategies
are listed in Table 5.1 for four sub sectors, namely river, sea/coastal, dam/lake and
groundwater. Among the main strategies for river sub-sector are establishing
ecological flow requirement according to the habitat uniqueness of each river basin,
understanding the climate change impact on the river flow regime and its ecology,
detailed studies on the ecological impacts of barrage for improving the barrage
operation and modelling flood risk associated with climate change. Under sea and
coastal subsector, it is necessary to establish hydro-meteorological data centre,
develop a high-resolution coastal inundation map and understanding the combined
impacts of sea level rise and heavy water abstraction on saltwater intrusion. In view of
the predicted more severe future droughts, the strategies for dam and lake sub-sector
are to maintain the dam storage capacity and develop dam engineering design that
allows for upgrading. For groundwater sector, it is crucial to sustain the quantity and
quality of groundwater by protecting the recharging areas.

Detailed mapping of

groundwater potential for the entire country is necessary to support the government
intention to increase the groundwater use to 20% of the total supply.
For the water utilization sector, the main strategies are suggested based on the nature
of sub-sectors. For water supply, the most crucial strategies should focus on the
storage and demand management, as well as alternative water resources exploration.
For sewage sub-sector, the main strategies focus on the upgrading of the existing
STPs and revising the permissible limit of effluent discharge to cater the current
condition of river’s carrying capacity. For irrigation, the main strategies highlight on the
enhancement of infrastructure and the irrigation method itself. Enhance R&D activity
and management is also included as part of main strategy for certain sub-sectors, as
such hydropower, fisheries and biodiversity.
For the water-related disaster sector, the main strategies are summarized across the
sub-sectors. The most crucial strategis should be focused on the; water management,
which includes a water management system for integrating data and information; a
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community-based disaster management program; enhancing early warning &
monitoring system for weather and flood control structures; dynamic hazard and risk
maps incorporating climate change impact; and sustainable eco-based water
treatment during disaster.
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Table 5.1 Main strategy for the water resource sector
Main Strategy
Ecological flow management

Strategy
Code
WR-1

SECTOR: WATER RESOURCE

WR-2

WR-3
Management of barrage

RIVER

WR-4

WR-5
Full implementation of low flow
regulation

WR-6

WR-7
WR-8
Modelling of future flood
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WR-9

Way Forward
Establish ecological flow requirement for major river basins in
addition to the eight rivers that have been completed recently
Explore the habitat and holistic ecological flow assessment
methods for sensitive ecosystems to maintain their ecosystem
services
Assess climate change impact on future ecological flow
requirement
A comprehensive study on the impact of barrage on the aquatic
habitat and the subsequent socio-economic impact on the
community
Improve the barrage operating procedure to preserve the
environmental function of the river
Enforce the need for low flow provision or maintenance for rivers
with heavy water abstraction, or the flow regime is modified by a
hydraulic structure such as dams and barrages
Evaluate the ecological and environmental impacts of reduced
low flow associated with climate change
Strengthen the requirement for low flow maintenance in the EIA
report and monitoring of compliance by the project proponent.
Model and evaluate the risk of future flood for major river basins
using the future projection hydro-climatic data

Time
Frame
Medium
term
Medium
term
Medium
term
Medium
term
Medium
term
Medium
term
Medium
term
Medium
term
Long term

Climate Change Adaptation Framework for Water Sectors

Table 5.1 (cont.) : Main strategy for the water resource sector (continue)
Main Strategy
High-resolution
coastal
inundation maps

SECTOR: WATER RESOURCE

SEA/
COASTAL

WR-11

Mitigation of saltwater intrusion
impact
Improve reservoir operation &
management
DAM/
LAKES

Develop adaptable dam
design
Protection of groundwater
resources

GROUNDWATER
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Strategy
Code
WR-10

WR-12
WR-13

WR-14
WR-15

WR-16

WR-17

Comprehensive
mapping

groundwater

WR-18

Way Forward
Create a hydro-meteorological data centre that integrates various
sources of data from various institutions locally and globally for
enriching the climate change impact studies
Develop high-resolution coastal inundation maps based on a
coastal hydrodynamic simulation that incorporates sea level rise
for 20-year time intervals up to 2100
Carry out modelling and impact studies on the combined effect of
SLR and water abstraction on saltwater intrusion
Model the impact of climate change especially the expected
increase in temperature and longer drought duration on the dam
storage
Identify long term solution to ensure water supply sustainability
Develop adaptable dam design that can be upgraded at
reasonable cost in anticipation of climate change impact on the
streamflow regime and timing
Carry out comprehensive monitoring on the quantity and quality
of groundwater due to possible reduction in groundwater recharge
as a result of higher evapotranspiration
Conduct modelling on infiltration and recharge processes, aquifer
characteristics (structure, permeability, and storage), and flow
pathways under different land uses and rainfall patterns
Conduct comprehensive groundwater survey, mapping and
modelling for the whole country to quantify the potential source
and threats as a basis to increase the groundwater usage up to
20% of the total supply.

Time
Frame
Medium
term
Medium
term
Medium
term
Long term

Long Term
Long term

Medium to
Long term
Medium to
Long term
Long term

Climate Change Adaptation Framework for Water Sectors

Table 5.2 Main strategy for the water utilization sector

SECTOR: WATER UTILIZATION

Main Strategy
Install more RMS and ORS

Strategy
Code
IS-1

Develop river basins
framework for adjoining States

IS-2

Improve water storage
management

IS-3
IS-4

WATER
SUPPLY &
SEWERAGE
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Improve climate change
projection

IS-5

Improve demand management

IS-6

Increase use of alternative
water resources

IS-7

Improve water infrastructure
design
Revise permissible limit for
effluent discharge

IS-8
IS-9

Way Forward
Install more RMS (to mitigate pollution issues) and ORS (to
monitor river flow and regulate storage) at prone climatic areas.
Develop the framework by setting up the National River Basin
Agency. It involves any river basins shared with adjoining States
(with reference to Federal Constitution of the Ninth Schedule – List
1). The framework includes constructing large treatment plants to
provide mutual benefit and financial profit to the adjoining States.
Increase the effectiveness of storage management by developing
more sustainable water storage facilities, e.g., TAPS,
underground storage and bunded storage.
Increase the effectiveness of the existing ORS by redesigning the
piping system to allow water to cycle back into the treatment plant
rather than being discharged out.
Improve climate change projection through downscale modeling
and data and explore relevant and up-to-date models (e.g.,
NHRCM, ReGCM4) by leveraging Big Data Analytics.
Improve demand management by establishing policy on targeted,
sustainable per capita water demand of 200 lpcd.
Improve the use of alternative water resources (reclaimed
wastewater, lakes, RWH) in conjunction with existing supply.
Implement circular water management (recycle, reuse, restore,
reduce, and recover) by providing incentives and penalties.
Reexamine existing water intake structure and improve
engineering guideline for water infrastructure design.
Revise the permissible limit based on the existing EQSR for the
effluent discharge from STPs and industries. The revised limit
shall incorporate the river’s carrying capacity to maintain a
minimum Class II NWQS even under low flow event.

Time
Frame
Long term
Long term

Long term
Medium
term
Short term
Long term
Long term

Long term
Long term

Climate Change Adaptation Framework for Water Sectors

Table 5.2 (cont.) Main strategy for the water utilization sector (continue)
Main Strategy
Develop resilient crop variety

SECTOR: WATER UTILIZATION

IRRIGATION

HYDROPOWER

FISHERIES
& BIO-D
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Strategy
Code
IS-10

Improve irrigation
infrastructure

IS-11

Establish smart watering crops

IS-12

Implement a water recycling
system

IS-13

Assess the surface
evaporation
Conduct vulnerability studies
for all dams
Sustain the capacity of
hydropower

IS-14

Ecosystem-based fisheries
management

IS-17

Resilient adaptations

IS-18

Rehabilitation management on
vulnerable biotas
Database on threaten aquatic
biodiversity

IS-19

IS-15
IS-16

IS-20

Way Forward
Enhance and escalate R&D activity on low-cost, resilient crop
varieties that able to withstand dry and wet spells
Reexamine existing irrigation infrastructure and improve
engineering guideline for irrigation infrastructure design (with
consideration of low and high flow).
Establish smart watering crops, e.g., drip irrigation and lowpressure overhead sprinkler. Use plastic sheeting or concrete in
lining the canal to reduce the seepage along the aqueduct.
Enhance implementation of water recycling by imposing proper
collection and storage system to make full use of extreme rainfall
event and increase the use of other sources, e.g. reclaimed
wastewater.
Improve assessment on surface evaporation and R&D on feasible
technologies to reduce evaporation loss.
Increase coverage area for vulnerability dam studies and improve
projection modelling on dam’s vulnerability.
Increase the capacity of hydropower dam by minimizing the
sedimentation rate and installing additional infrastructure (e.g.,
pond) to collect overflow water to reuse during a dry spell.
Enhance ecosystem-based fisheries management by controlling
overfishing and building resilience of critical marine habitats and
establishing more Marine Protected Areas (MPAs).
Enhance resilient adaptations towards climate change via
extensive R&D activity (IMTA, prey-fish substitutes, sea-farming).
Enhance R&D activity on resilient aquatic species, replanting
mangrove trees, and conserving natural coral reefs.
Establish a data center (database) on vulnerable aquatic biotas
regarding climate change e.g., mapping, biological indicators.

Time
Frame
Long term
Long term

Short term

Short term

Medium
term
Long term
Long term

Medium
term
Long term
Long term
Long term

Climate Change Adaptation Framework for Water Sectors

Table 5.3 Main strategy for the water-related disaster sector

SECTOR: WATER-RELATED DISASTER

Main Strategy
Total water management
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Strategy
Code
DS-1

Water Management
Information System

DS-2

Community-based Waterrelated Disaster Management
Program

DS-3

Enhanced Water-related
Disaster early warning and
monitoring system

DS-4

Dynamic Hazard and Risk
Maps incorporating Climate
Change Impact

DS-5

Holistic integration of risk
reduction

DS-6

Enhance and improve dam
water levels predictions

DS-7

Way Forward
• Strengthen Integrated River Basin Management.
• Provide an easily accessible platform for information and data
access related to water management to consolidate information,
including data and directory of experts and centre.
• Emphasize people-friendly “horizontal” or “bottom-up” approach
programs by integrating official flood, drought, biodiversity
impact, or disaster-related health management program with
traditional and local systems.
• Improve the effectiveness and accuracy of early warning and
monitoring system for the public and disaster managers
(government and private) by applying new technologies and
better coordination for flood, drought, biodiversity impact, and
disaster-related water pollution.
• Develop dynamic hazard and risk maps for impact assessment
and action planning in view of the rapid land use changes and
climate change condition for flood, drought, biodiversity impact,
and climate-sensitive diseases.
• Include a holistic integration of risk reduction for crisis and
disaster preparedness, such as improving disaster-mitigation
infrastructures, DRR guidelines and policies, and communitybased preparedness plans for flood, drought, and disasterrelated water pollution.
• Implement early detection of a drought event, optimizing dam
water levels which is supported by improved modelling

Time
Frame
Long term
Long term

Medium
term

Medium
term

Short term

Medium
term

Medium
term

Climate Change Adaptation Framework for Water Sectors
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Underground Storage

DS-8

•

Public Awareness Program

DS-9

•

Total water quality
management

DS-10

•

Sustainable eco-based water
treatment during disaster

DS-11

•

capability for the medium range weather forecast from week to
six months.
Construct underground storage or aquifer to reduce
evaporation. Feasibility studies on managing underground
storage or aquifer recharge are crucial.
Educate the public on the importance of SOPs implementation
developed by the authorities to optimize the water consumption
against drought risk, and water-disaster related health
Introduce total water quality management and database in
capturing and integrating information related to water quality,
including water pollution during disaster through consolidation
across agencies and establishment of a community-based
system
Explore and implement sustainable eco-based pollution control
treatment technologies to sustain the natural ecosystem and
safe water resources by investing in WASH technology for
disaster relief operations.

Medium
term
Medium
term
Long term

Medium
term

Climate Change Adaptation Framework for Water Sectors

Figure 5.5 Distribution map of the main strategies for each water sectors based on the concluded strategy categories
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GLOSSARY
APM

Angkatan Pertahanan Awam

APSED

Asia Pacific Strategy for Emerging Diseases and Public Health
Emergencies

AR4

Assessment Report no. 4

AR5

Assessment Report no. 5

ARF

Areal Rainfall Factor

ARI

Average Recurrence Interval

ASM

Akademi Sains Malaysia

AWG

Atmospheric Water Generator

BUR2

Second Biennial Update Report

CCF

Climate Change Factor

CE-DMH

Center for Excellence in Disaster Management & Humanitarian
Assistance

CFS

Central Forest Spine

CMIP

Coupled Model Inter-comparison Project

CPO

Crude Palm Oil

CVI

Coastal Vulnerability Index

DID

Department of Irrigation and Drainage

DOE

Department of Environment

DOF

Department of Fisheries

EAP

Emergency Action Plan

EWS

Early Warning System

FFB

Fresh Fruit Bunch

FGD

Focus Group Discussion

FRI

Fisheries Research Institute

GCM

Global Circulation Model

GEC

Global Environment Centre

HOB

Heart of Borneo

HORAS

Hybrid off River Augmentation System

HP

Hydrological Procedure

IADA BLS

Integrated Agricultural Development Area Barat Laut Selangor
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IEM

Institute of Engineers Malaysia

ILBM

Integrated Lake Basin Management

INSPiRE

Interactive Dam Safety Decision Support System

IPCC

International Panel on Climate Change

IRBM

Integrated River Basin Management

ISMP

Integrated Shoreline Management Plan

IWRM

Integrated Water Resources Management

KADA

Kemubu Agricultural Development Authority

KASA

Kementerian Alam Sekitar dan Air

KRA

Key Result Areas

LUAS

Lembaga Urus Air Selangor

MADA

Muda Agricultural Development Authority

MKN

Majlis Keselamatan Negara

MOA

Ministry of Agriculture

MOH

Ministry of Health

MOSTI

Ministry of Science, Technology and Innovation

MPOB

Malaysian Palm Oil Board

MSIG

Malaysian Sewerage Industry Guidelines

MSMA

Urban Stormwater Management Manual for Malaysia

MyDAMS

Malaysia Dam Safety Management Guidelines

MySED

Malaysian Strategy for Emerging Diseases

NAHRIM

National Water Research Institute of Malaysia

NADMA

National Disaster Management Agency

NC2

Second National Communication

NC3

Third National Communication

NDCC

National Disaster Control Centre

NGO

Non-governmental organizations

N-HyDAA

Malaysia Climate Change Knowledge Portal

NPP2

Second National Physical Plan

NPP3

The 3rd National Physical Plan

NPS

Network Pump Station

NRW

Non-revenue Water

NSP

Non-point source pollution

ORS

Off-River Storage
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POP

Public Outreach Program

PRAB

National Flood Forecasting and Warning Program

R&D

Research and Development

RCP

Representative Concentration Pathways

RFZPPN

Rancangan Fizikal Zon Persisiran Pantai Negara

RMS

River Monitoring Stations

RoL

River of Life

SAJ

Syarikat Air Johor

SEADPRI

Southeast Asia Disaster Prevention Research Initiative

SLR

Sea Level Rise

SMART

Stormwater Management and Road Tunnel

SOP

Standard Operating Procedure

SPAN

Suruhanjaya Perkhidmatan Air Negara

SPI

Strategic Plans and Initiatives

SRES

Special Report on Emission Scenarios

SSCC

Smart Selangor Command Centre

SST

Sea Surface Temperature

STP

Sewage Treatment Plant

TMDL

Total Maximum Daily Load

TNBR

Tenaga National Berhad Research

UiTM

Universiti Teknologi Mara

UNDRR

United Nations Disaster Risk Reduction

UNEP

United Nations Environment Program

UNFCCC

United Nations Framework Convention on Climate Change

UNDP-GEF United Nations Development Programme-Global Environment Facility
UTM

Universiti Teknologi Malaysia

WASH

Water, Sanitation and Hygiene

WDM

Water Demand Management

WSIA

Water Services Industry Services Act

WSP

Water Safety Plan

WTP

Water Treatment Plant
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